1-8-4 Counterpart's Coopertion and Training

(1) Local headquaters

2)

‘Brig. MD. Mahbubul Karim

Col. Shahedul Islam Mondal

" Mr. A K.M. Shamsul Alam
Maj. Kh. Aftab Hossain

Lt. Col. Kazi Shafayetul Haque
* Mr. Noor Mohammad Mia
Mr. Abu Naser Wahid

Training and Cooperation with Counterpart Personncl
During field study, counterpart staff not only partlclpated in the study team headquarters and
work groups, but also cooperated in operational preparations for each process, material

orgamzatlon negotlatlons with local residents and field study priorities.

The study team tranferred technology by working to’gether with counterpart staff.
Counterpart personnel who participated in the study are listed in the following table.

(Surveyor General)

- The study team was given a wide range of services and conveniences in conducting the survey
operations from the counterparts, including the management of the survey operations. The
counterparts who participated in the consultations over the survey operations and the
management of the operations with the study team at the headquaters were as follows:

(Surveyor General, Fourth Year Study)

{Director Defence Survey)
(Director Defence Survey, Second and Third Year Study)
(Director Defence Survey, Fourth Year Study)

_(Section' Chief of Defence Survey)

(Section Cheif of Defence Survey, Third and Fourth Year

Study)

~ Work group SOB C/P Paosition
Control point éuryeying MR. ABU NASER WAHID Technical Assistant
Control poiht'fsuryeying MB. MD. RAZI_UDDIN Sub Assistant
Control poih_t surveying MR. SHAHJAHAN AL Surveyor
Control point surveying MR. M.A. KADER _ Surveyor
Control point 'suweyfng MR. SHAIKH SYED AHMED Surveyor
Control point surveying MR. AZMAT HOSSAIN - Surveyor
Control point surveying * MR. AFAZUDDIN AHMED Sub Assis’tanrt
Contro! point surveying MR. SHAFIQUL ISLAM (31} Technician
Control point surveying MR. SHAFIQUL ISLAM (Jr) Surveyor
Control point surveying MR, ATIQU.L ISLAM ) _ Surveyor
éqn;r_o} point _sQ'ryeyi'ng : MR HUMAYUN KABIR . Surveyor
Centrol point .:s_u,n.r_é);ing MR. MD SHAHJAHAN Surveyor
Control 'po_inl_'surveying' - MR. MD SHAH ALAM' Surveyor
Control poinl'su'rv’ey_irig - H_ATTAN

MR,

e

Sub Assistant




SOP C/P

" Posilion.

Work group

Control point surveying MR. SHAFIQ Sub Assistant

‘Control point surveying MR. AZHER Technician

Control point surveying - MR. MUJIB Surveyor

Control point surveying MR. SHAHJAHAN Surveyor

Control poiht surveying MR. TAJUL Sqweyor

Control point surveying MR. MOSTAFA Surveyor

Control point surveying MR. ATAUR Surveyor -

Control point surveying MR. KADER "S'u‘rveyor '

Control point surveying MR. ENAMUL Surveyor -

Leve'lling MR. NAYON CHANDRA SARKER * Technica! Assistant

Levelling MR. GANESH CHANDRA ROY Technical Assistant

Levelling MER. MD. RAZIUDDIN Sub Assistant Super.

Levslling MR. AMIN Téch_nical Assistant -

Levelling MR, KADER " Surveyor

Levelling MR, ALl Surveydr .

Levelling MR. AZMAT | Su_n‘.'eyor

Leveliing MR. HASAN Sufve'yof a

Levelling MR, ASHRAF _ - Surveyor

Levelling MR, SHAFIQUL - Surveyor

Levelling MR. MOSHARRAF- Surveyor

Levelling ‘MR, ALAM ‘Surveyor -
 Leveliing MR. AHMED Surveyor

Levelling MR. HASSAN Surveyor

Levelling - _ MR. RAFIQ Stirveyor

Levelling MR, 5. ALAM Surveyor -

Levelling MR. RUHUL ANIN ;Surﬁeyér o

Leveliing MR. BAHAR o ‘ SL:'r've'Q:or' o

Levelling MR. ASHRFA ‘Surveyor

Tidal station MR, NAYAN CHANDRA SARKER Technical Assistant

Tidal station MR. GANESH CHANDRA ROY . Technical Assistant

Tidal station MR, SHAHJAHAN AL ' Surveyor '




1-8-5

Training Courses Provided for Counterparts

Futhermore, the following counterpart personnel received special training in Japan. In order
to comprehend the survey system practiced in Japan, these trainees visited the Ministry of
Construction, Geographic Survey Institute, Japan Survey Association, Japan Map Center and
survey instrument manufacurers, where they received explanations of study, facilities and
other details. . : :

Name - Training term Training program

Mr. NOOR MUHAMMAD MIAN | 1993. 3.7 - 4, 16 Plan and management of gecdetic surveying

~ Mr. ABU NASER WAHID 1993.7.5~ 8. 11 Technical explanations and facility study tours
for geodetic network training
Mr. ABDUL QUADIL 1994.6.6~7.9 - ditto -
Mr. MD. RAZIUDDIN 1995. 3. 27 ~ 4.23 - ditto -
1-8-6 Significance of the Results from the Study

ey

In this study the precise control points were installed in almost even density (one at an interval
of about 30 km) in the entire inland area, excluding the Chittagong Hill Tracts and the coastal
area in the south, and the geodetic coordinates system was established based on the standard
datum of geographical coordinates obtained by GPS. Also, the mean sea level of the Bay of
Bengal was determined by the tidal observation at Chittagong, and the bench marks were
installed along the main national roads of a total extension of about 2,400 km at the
distribution ratio of one unit at an interval of about 5 km, and orthometric heights were
computed by the 1st order levelling.

Integration of survey results and renovation

The final survey results based on the datum station installed in Bangladesh form the geodetic
skelton that leads to the determination of "geodetic coordinates" and "elevations" and
contribute to the renewal and integration of the existing survey results in the country. Also,
the results will greatly contribute to the development of land, flood protection measures and
map production. -

{2) Correction of horizontal datum of geographical coordinates

While the standard datum of geographical coordinated enables to determine the exact position
on the world geodetic coordinates system (geocentric coordinates and geodetic longitude and
latitude), a list of the survey data on the UTM (Universal Transverse Mercator) values has
been prepared for all the control points so that the present map projection can be converted
to Transverse Mercator Projection in the future, which Bangladesh desires.

(3) Utiliz'ation of exist_ing survey data

in the light of the provisional use of the existing published survey data and existing maps

. available in Bangiadesh, with due respect to the old reference ellipsoid data (Everest-1830),

we have computed the __transformation parameter necessary for.converting the data to the
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WGS-84 reference ellipsoid so that Bangladesh can convert to the new geodetic system any
time when it so desires in the future,

(4) Utilization of local geoid map

A geoid map has been produced by computing the geoid undulation on the Bangladesh
geodetic network after linking orthometric heights obtained from the newly determined
bench marks network to the 51 bench marks.

This geoid map will provide important materials when Bangladesh intends to conduct GPS
surveying on its own initiative.

-2



2. TECHNICAL REPCRT

This study is a field survey that was started in March 1992 (Phase 1) following a request for
technical assistance from the government of Bangladesh in connection with the “Study on the
Geodetic Survey of Bangladesh”. -

The objectives of the study were to determine the mean sea level in the Bay of Bengal, to add
terrestrial “positions” and “elevations” to a geodetic control point network that was established more
or less uniformly throughout the country, and to attempt to rearrange and unify the results of state
geodesy. The survey work was completed in March 1995 (Phase 1V).

The work of tidal observation involved measuring analog and digital data in parallel. For this
we introduced a computerized system for aggregation. Meanwhile, levelling survey involved the use
of digital automatic levels equipped with data collectors. For control point surveying, the GPS
(Global Positioning System) space technology was used. Forthese surveying systems we employed
the most up-to-date and high-precision surveying technology currently available in Japan. There-
fore, we can say that we have completed one of the world’s highest level geodet:c control networks
in Bangladesh 5 :

The “vertical datum” and the “horizontal datum” were set up in the capital city of Dhaka, located
more or less in the centre of the geodesic control point network. -

In February 1994 (Phase I1I) an unveiling ceremony was held to commemorate the completion
of work onthe geodetic datum and the vertical datumn, symbols of the geodesic control point network.
In their addresses representatives from the Bangladesh side expressed their joy on the completion of
their countty s OWI “horlzontal and vertical datum” as well as their thanks for the cooperation from
Japan : : o : :

ThlS was the ﬁrst attempt by the Japanese govemment to offer tcchmcal cooperatlon in the field
of major geodesic surveying in order to build a state geodesic control point network such as the one
in this study. It was achieved by aggregating the surveying technology available in Japan.

The results of surveying for the geodesic control point network will be a vital state asset for the
government of Bangladesh and will contribute to national land development and flood control
measures as well as surveying for.cartography and so on.

- Therefore, when- this study is complete, we will make proposals to the government of
Bangladesh for maintenance and management plans on control points over the long term, in order
to avoid loss or damage to them. Our hope is that they will be put to positive use in a variety of ways,
suchas making links with the world’s-geodesic networks, surveys on movements of the earth’s crust,

" surveys on ground subsistence, and-academic and scientific research. '

This study proceeded according to plan, on the basis of amicable cooperation between the .
representatives of both countries. In doing so we were able to intensify human interchanges '
throughout-the joint survey work between the two countries. In addition, technical guidance was
- given to Bangladesh technical personnel, and we were able to take steps to-improve surveying

technology and to effectively transfer new surveying technology.
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2-1 Geodesic Control Point Network and Facility Construction

We conducted a study on the positions for installation of surveying facilities and control points
(triangulation and levelling) that would form the backbone of the national land geodesic control point
network. We constructed surveying facilities and installed control pomts and bench marks, as listed

below,

We contracted a local civilian construction company and conducted brddmg, concluded
contracts, and executed the work. -

We submitted site photographs and work process charts in order to control the processes,

“quality, safety etc. of the construction work, and trnplcmcnted work execution management as
appropnatc on site,. - - :

1)
2)
3)
4)
5)
2-1-1

1)

Constructlon of tidal observation station : AR o '
(including auxiliary tide gauge station} ..........c........ ST e (Photc

)
Construction of vertical datum ............ e e ettt ee e ettt anetaE e et et e reeneer e e e e anien (Photo __)
Renovation of geodetic datum (including protective facdltles)...-. ..................... (Photo - )
Installation of bench marks (228 standard type, 233 smaller typc) ................ ...(Photo ___)
)

Installation of control points (26 type A, 89 type B) credrieeaidae Cevereeti et (Photo
(for designs etc., refer to Appendix P/O) L :

Constructlon of Tidal Observatlon Station =

Constructlon of standard t1dal obscrvatlcn statton

'Beforc constructmg thc standard t_tda] obscrvatton station, we conducted sea bed boring

surveys, water depth surveys, and topographical surveys, and, after considering factors such -
as topography, geology, and marine conditions, we chose a location approx. 60m south of the

. piers of the CUFL (Chrttagong Urea Fcrtthzer Ltd ) at the estuary of the River Karnafuh in

Chittagong. .

The results of the boring survey showed that there was good ground that could give sufficient
support al a point. about 18-25m below the river bed surface: Here we constructed the main
body of the standard tidal observation station based mainly on the survey location, and as an
auxiliary facility we built a structure consisting of a pier that approached the tidal observation
station from the landward side. Before constructing it, we studied the standards strength

g quahty and other aspccts of locally procured construction matenals

In this locatlon there seems to be little accumulatlon of sedlments and no obstaclcs to

navigation by ships or the like, since it is sandwwhed between twolarge plcrs of the femhzcr
tactory

We determmcd thc depth of the well for ttdal observatlon and thc size and locatlon of water
inlet holes, and undertook detailed- dc31gn on the ba31s of data collccted 10caliy, sea bed_ _
geology boring surveys, and so on.: e U

We made the lower extrcmity (bottorn) of the observation well about 1m dceper than the

minimum tide level, the upper extremity about 5Sm higher than thc normal maximum tlde :
level, and the dlametcr of the observation well 1.0m,
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The size of the observation room in the tidal observation station was set at 4m x 4m and the

~ceiling height at 3m, We attached a steel window with a diameter of 50 cm to enable a level

staff to be installed directly near the centre of the ceiling, and added a glass window on the
south side in order to allow light in.

The structure of the tidal observation station was so made as to withstand the local

- topographical, geological, meteorological, and marine conditions, and also to enable continu-

2)

ous observation of tide levels over the long term.

A measuring staff (tide pole) was installed on the supporting pillar of the cat walk near the
tidal observation station for visual observation, and a standard mark (metal marker) was
attached at the top of the well,

We set up a raised platform above the observation well, installed a tidal observation gauge

* (Fuess type, Kyowa Shoko Co., LFT-3 type), and started tide level observations.

Meanwhile, a “tidal station bench mark (TBM)” of the same standard as the bench mark -

- (smaller type) was instalied to the landward side of the tidal observation station.

‘Construction of the auxiliary tide gauge station

After a mar:ine'condition survey conducted around the estuary of the River Karnafuli.in
Chittagong, the tidal observation station was located about 1.5km upstream from the estuary

of the Kamnafuli River. Therefore it was expected to be susceptible to the effects of increased
~water levels during the rainy season. Thus there was a concern that the rise and fall in sealevel

due to tidal movements in the open sea might show somewhat different variations in view of

* the nearby topography and marine conditions. In view of this we constructed an auxiliary tide

gauge station on the coast of the Bay of Bengal near the river estuary, in order to verify actual 7

tide level observations.

“The auxiliary tide gauge station was built in a location about 800m into the Patenga Beach . .

offing. In addition, we installed an auxiliary measurement staff (tide poie) at a point about -

: 400m into the ofﬁng (See F1gure 6)

o __._'I_‘he 1_nter10r structure of the protective piles of the auxiliary tide gauge station was of steel
- reinforced concrete, using three steel pipes with a diameter of 400mm, with a length of 18m

below the sea bed and 10 m above it. Further, for reinforcement they had a beam structure.
whereby steel pipes with a diameter of 300mm were linked together at a point 8 above the
sea bed In addmon the structure was such that it could withstand cyclones and waves.

' Thc structurc of the steel plpc for attachmg the t1de gauge was smlla_rly of self-standing steel-

remforced concrete, and it was linked to each of the protective piles by slightly slackened
25 M wire, thus gmng ita structure whereby it could w1thstand excesswe lateral movement.

A tlde gaugc platform was mstalled 0. 81m above thc measunng staff zero point, and the total

- length of the main body of the tide gauge was 0.36m. Thus the standard observation level of
- the pressure-sensmg ‘tide gauge (the zero level of the tide gauge) was set at a position 1. 17m

above the mcasurmg staff zero posmon in normal installation conditions.
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We studied tide level data from the auxiliary tide gauge station in comparison with the mean
tide level of the standard tidal observation station, and used these as vital reference data for
determining the mean sea level. ' -

2.1.2 Construction of Vertical Datum

The vertical datum was constructed next tothe geodetic datum inacorner of the Gulshan-2 Tank
Park. As for the soil strata at this point, according to data from the Geological Survey of Bangladesh,
the area comprises a natural levee with a hard red clay zone about 10 metres below the surface and
a highly compacted gravel layer below that. Thus it is on firm ground with sufficient resistance for
supporting the vertical datam and buildings. : '

To construct the vertical datum we drove a 600mm diameter cast in site concrete pile to a depth
of 16m from the surface to the supporting foundation and built the vertical datum on top of this. (See
Figure 7) : '

We inserted a stainless steel metal marker into the centre of the datum, and to prevent destruction
by natural disasters and erosion by storms we built a housing facility of hard, good quality brick to
protect the datum. We built this datum housing facility to such a height that a 3 metre 1st order
levelling staff could be installed in it, and made it such that levelling observation could be
implemented directly. In addition, the point for installation of the level inside the site was laid with
concrete.

In a position between the geodetic and vertical data we constructed two reference points (A, B)
using the same criteria as the bench marks (type A). These were just in case of unforeseen situations,
as well as to monitor time-lapse changes in the height of the vertical datum. We drove 600mm
diameter concrete piles to a depth of 16m down to the supporting foundation, as in the case of the
* vertical datum, and built the points on top of this. By repeatedly carrying out levelling using these
reference points it will be possible to monitor subsidence and other phenomena in the vertical datum,

2-1-3 Geodetic Datum Renovation
1) Renovation of the geodetic datum

As for the geodetic datum that forms the point of departure for the control point network, we -
repaired the Ist order triangulation point (formerly the provisional national datum Gulshan
Point) that was installed in the Gulshan-2 Tank Park in Dhaka City and renovated it with.
concrete to make it suitable as a national geodetic datum. We.engraved the name of the
geodetic datum in marble, and set this on the front. :

2) Construction of protective facilities
In order to preserve and protect the horizontal and vertical datum, we surrounded them with

a 1 metre high brick wall and puat up a protective facility (fence) on top of this wall using.a
steel frame and barbed wire. ' ' '

— 28—
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2-1-4 Monumentation of Bench M_arks

Bench marks monumented in the study area were mainly instalied on the verges of main roads
and on public land at intervals of around Skm along the levelling route, taking into account issues
such as their use, conservation, topography, the state of transportation, preservation, and so on.

The total length of the levelling route was 2,388 ki, while the number of bench marks installed
was 228 of the standard type and 233 of the smaller type, totalling 461 bench marks in all. -

For the specifications of bench marks (standard type), after deliberation with the SOB side we
installed them atintervals of approximately 10 km, using 4 type that retained the basic specifications
of bench marks already installed in Bangladesh.

Meanwhile, for the specifications of smaller type bench marks, we used a type that excluded the
bottom part of the standard type bench marks, and instatled them in alternation with the latter. (See
Figure 9) ' :

2-1-5 Monumentation of Control Points

Control points monumented in the study area were mainly installed on public land (city offices,
schools, etc.) at intervals of around 30km, taking account of factors such as their use, conservation,
topography, the state of transportation, preservation, and so on. Also, we selected sites that were not
affected by artificial radio wave interference, natural objects, or vegetation etc., and that were
favorable in terms of utilization and preservation.

The total number of control points installed was 115, with 26 of type A and 89 of type B. For
the specifications of control points (type A), after deliberation with the SOB side we installed them
at intervals of approximately 50 km, using a type that retained the basic specifications of control
points already installed in Bangladesh, and taking account of their existing distribution. Meanwhile,
for the specifications of type B control points we used a smaller version of type A control points that
excluded the base foundation concrete slab of the latter, and installed them so as to complement the
type A control points to enable to distribute control stations in 30 km internals. (See Figure 10)
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2-2 Tide Level Observation and Analysis

In order to determine the mean sea level to provide the standard level for land elevations, we
carried out tide level observations in the Bay of Bengal. Variations in tide level in the Bay of Bengal
reach a maximum of about 7 metres, thus observing and. analyzing the tide level was exiremely
difficult work. Once the construction of the standard tidal observation station was complete and the
tide gauge had been installed, although a certain amount of observation was lost due to faults caused
by mechanical breakdowns, power disruptions, software error, natural disasters etc., by repairing and
adjusting these faults we were eventually able to obtain data for a total of 22 months, or close to the
2 years of the plan, ' |

Meanwhile, the auxiliary tide gauge station ultimately yielded observations for only 15 months,
due to breakdowns caused by natural disasters and faults involving power circuits and software error.

1) Procedure for computing mean sea level |

Tidai d'a.ta from sta_ﬁdard
tidal observation station

i

Tidal data from auxiliary
tide gauge station

Monthly tabuiation -
Jan. 1993 - Nov. 1994

i

Monthly tabulation
May 1993 - Nov. 1994

Yearly tabulation for 1993
and 1994 from standard
tidal observation station

!

Yearly tabulation for 1993
and 1994 from auxiliary

| tide gauge station

Compute mean sea level at
standard tidal observation

t

Station
|

Compute mean sea level at
auxiliary tide gauge station

|

!

Prepare elevation charts
Prepare elevation tables

a

Compare mean sea levels

—

 Examination




2-2-1 Reference Level Check and Employed Equipment
1) Standard observation station

We observed the relative heights of the tide gauge, fixed point (standard mark) within the tidal
observation station, the tide pole, and the water level near the tidal observation station via
- direct levelling. The observation accuracy was +4mmVS (S:km).

For the tide gauge in the standard tidal observation station, we installed a tide gauge (LFT-
- 5 Fuess type) adjusted to conform to the maximum local tide level variance.

This tide gauge is completely powered by batteries, thus it suits the local conditions in a
country where power cuts are common. In addition, this device has two functions, namely one
whereby it records data on print-out paper in analog format, and one whereby it records the
data in a memory which can then be computer processed via floppy disk. Thus if one of the
functions were to break down the other would provide a back-up.

The primary local analysm of tide levels was carried out usmg analyttcal software incorpo-
rated into a tide level analyzer (NEC PC-9801FA)

2) Au)riliary tide gauge station

Surveymg of the height of the auxiliary tide gauge station was carried out via direct levelling,
to an accuracy of +10mmVSi S(S:km). For the auxiliary tide gauge we installed a pressure-
sensing tide gauge (Union UWLR-2) about 1 metre below the minimum tide level.

This tide gauge detects water level through a pressure sensor and converts this into a tide level
readmg The data are recorded on a built-in memory card, computer processed, and analyzed
after ad}ustment wrth the data of atomosphenc pressure.

2 2- 2 Tide Level Observation

 The chief engineer for tide observation and the SOB were responsible for the maintenance and
management of the locally-constructed tide observation stations. When the- chief engineer was
absent, the JICA Study Team dispatched a staff member to care of the facility instead, The analysis
of the tide levels at the site was carried out by the SOB counterpart and the data were sent to Japan
for the ﬁnal analysrs by the chlef engmeer ' :

Tldal observanon in future wrll be carried out by Survey of Bangladesh (SOB) personnel traincd
in the tlde level observatlon throu gh technolo gv transfer

_ The instruction and training for the SOB counterparts was carrred out on the basis of a specrally
* prepared English works manual, In the actual training, we gave necessary instruction on issues such
~as methods of observatron checks of observatlon data data arrangement and equrpment mainte-

After the end of this study, the SOB w:ll eontmue to earry out trde level observatron over the |
long term. " - - : S
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2-2-3 Arrangement of Tide Level Data

We carried out analysis on the basis of locally observed tide level data and related records, and
worked out the mean sea level (elevation datum), '

The data were analyzed by compiling data in monthly units from the processed software of tide
level observations (CPR-T UWLR-2), which were then arranged into monthly tabulation. As well
as this, we analyzed the data from the auxiliary tide gauge station and calculated the elevation of the
tidal station bench mark, as valuable reference material for computing the mean sea level.

Moreover, in conducting this tidal observation work we referred to the work regulations for tidal
observation work (Geographical Survey Institute of the Ministry of Construction}. - -

1) Method of computing mean sea level

Surﬁ of all tide level data during.the- observation peribd (ZH)

Mean Sea Level = :
' Total number of data during the observation period (Xn)

2) -Mean sea level at the standard tidal observation station (Fuess-type tide gauge)

Observation period Sum of tide tevels :| Total data nos. Mean sea leve!

Jan. 18, 1993 - Nov. 30, 1994 47,757.97m | 13,698n0s. ..} 3.486 m

3) Mcan sea level at the auxiliary tide gauge station (rpféssﬁré—sen‘s'irig tide éaugé)

Observation period Sum' of tide I_éy_els_ _”T_otai_da'léhos.' ' iM'eén':'sea fevel

May 28, 1993 - Nov. 30, 1994 | . 31,006.08m |  B873nos. | .3505m

4) Comparison of mean sea levels

. From an analysis of mean sca levels we took the tide level in the standard tidal observation
station as the standard and compared the tide level at the auxiliary tide gauge station for the
same period. As a result, we ascertained that the mean sea level at the auxiliary tide gauge
station was 17mm lower. This difference is negligible and does not allow identification of
effects such as those of marine or climatic phenomena, increased water levels through
rainfall, and so on. However, since tide level observations were only made over a relatively
short period we are notable to make judgments over the long term. Thus fromnow on the SOB
ought to conduct long-term observations and carry out corrections and other research.

0.2-4 Tidal Observation Faciliies

In order to verify subsidence caused by the dead weight of the structure of the standard tidal
observation station & auxiliacy tide gauge station, at regular intervals (twice a year) we measured the
elevation difference between the tidal observation station and the Iand-based tidal station bench mark
and thus monitored subsidence. But to date there has been no undue change in level nor any
phenomenon of structural subsidence. o :
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2-2-5. Transfer of Technology
The technology related to the tide observation was transferred to the SOB engineers based on
the observation manual for providing technical guidance and information on the tide observation
operations. More specifically, the major items transferred to the SOB counterparts were as follows:
1) How to operate the tide gauge and supplementary equipment
| 2) How to collect and arrange data
3) How to maintain and inspect the tide gauge and tidal observation station
For more detailed guidance, we gave instruction on the basis of O.J.T.
2-2-6 .Determination of Mean Sea Level
We analyzed data observed over approximately two years, computed the mean sea level at the

* standard tidal observation station on the basis of the arranged tide level observations, and determined
the elevation of the tidal station bench mark.
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Determination of Mean Sea Level

1) Location {north latitude 22° 14", east longitude 91° 49"
Tidal obsarvation station:  estuary of the River Kamafuii, Chittagong
Auxiliary tide gauge station: Polenga Beach, Chittagong

2) Tide gauge '
Tidal observation station:  LFT-5 {Fuess-type), Kyowa Shoko Co.
Auxiliary tide gauge station: UWLR-2 (pressure-sensing) Union Engineering Co.

3) Analyzer and tide leve! analyzer. PC-9801FANEC
© Analytical software: CPR-T (analysis & processing), UNLR-2 (read only)
: Tabular output: monthly tabulation

4) Data (types, pariod) '
Tidal observation station:  B-second intervals (digital), analeg continuous recording, average for a total of
22 months, 28.1.1993 - 30.11.1994
Auxiliary tide gauge station: 30-minute intervals (digital), average over 15 months, 28.5.1993 - 30.11.1994

5) Mean sea level (above the observation datum level)

. Total of tide levels (XH) '
Mean Sea Level (MSL) = = 3.486 m

" Total data items (Zn)

6) Elevation of tidal station bench mark _
Elevation of tidal station bench mark (TBM) H = 7.5766m

7) Tide leve! variance between the standard tidal observation station and the auxiliary tide gauge station
After comparing the tide level variance between the standard tidal observation station installed at the
estuary of the River Karmafuli and the auxiliary lide gauge installed in the Bay of Bengal, we observed that
the tide level of the standard tidal observation station Installed at the river estuary was about 2¢m-higher.
Since this difference is only S!ighl we computed the mean sea Ievel on the basis of data from the standard
tidal observation station at the river estuary

Although we were not able to identify the eﬁects on tidal levels from marine or climatic phenomena or
increased water levels due to rainfall in the vicinity of the tida!l observation station during the observation
period, we must continue to verify observations over the Iong term, as well as making corrections andg
conducting other research, :

‘For more details about the analysis, please see the “Reference Data-1 on determinination of the
. mean sea level”.







Elevation Chart for Standard Tidal observation Station

Name of Location : .| Altitude difference | - Elovation Remarks
Observalion datum level Com | -3.4860 {Elsvation difference)
: : -3.4860 oom Tide level analysis
MSL (mean sea level) : . 0.0000 :
: — ‘ +6.3005 : : Computation
Tide pole (10m pole) o '6.3005
—— : +0.3148 - - ; Direct lovelling
SM (standard mark) ' 6.6153 _
+1.3857 - Direct levelling
BP (base point) 8.0110 '
SM (standard mark) 6.6153
— ‘ - : +0.9613 Direct levelling
TBM (tidal station bench mark) o _ 7.5766

r 5
a Twr s
: - x+0.4344" '
TBK | I : :
1 40,9613 :
x+1.2761 ! ‘
Annexed bench mark i E .
A 10,3148
*£+0.3148 :
10.0000
+6.3005 (computation) |
R : ‘ . R - H Tide pole
(*value measured via direct levelling) ' : H{(10m Pole)
_ Mean sea level sennas AARAAAARS Tv % ARARFARATS M 3.69895
H=-3.486 (tide level analysis). - ,. S H
Observation datum level of Fuess-type || .
tide gauge : . 1
: ¥ — 0.2135
-0.2135 ; . L H

0.0000

-1



2-3 Levelling

The leveling was conducted in accordance with the guide books under the title of “The Rules
of Leveling Work Procedures” and “The Manual for Operations” of the same publication (Geo-
graphical Survey Institute, Ministry of Construction). Altitudinal differences between staffs were
determined by using a well-adjusted automatic spirit level (WILD NA 3003) and staffs (Bar Code).
The process was repeated to ensure the accuracy of alttitudinal differences. The elevation of the
datum station of levelling located in Dahka by the mean sea level and elevation was computed by
fixing the bench mark annexed to the standard tide observation station after calculating the
simultaneous net adjustment for all the bench marks,

D

2)

Direct levelling

Observation by levelling was started from the third year (Phase I11), having left the bench
marks unutilized for one year after installing them, in view of compaction subsidence of the
benchmarks. In order to keep the effects of refraction to the very minimum we made the
standard observation distance a maximum of 40 metres. In addition we did not collimate
anything beyond 20 cm at the bottom of the staff or beyond 3 metres at the top.

We carried out test adjustment and function checks of the level about once a week, and made
the accuracy of observation +4mmVS(S:km) for both closure dlvergence and loop closure
eIror. _

As the datum level that resulted from the levelling, we calculated the mean sea level at the
Chittagong tidal observation station, and made this the zero pomt (datum) for elevanon (See
Figure 11)

Observation of unreconnoitred levelling routes

In the initial plan we were not going to make observations in this study in paﬁ of the Syihet

- region in the northeast, because it consisted of vast wetlandsand it was not feasible to secure

levelling routes there. But fortunately in the middle of Phase 11 of the study there was hardly

any meteorological obstruction and rainfall was slight, thus the work of observing bench
marks as-a whole made steady progress. Therefore, in a study made of “unreconnoitred
levelling routes” in the Sylhet region in the northeast, the water level in the region was found

- tobeextremely low, and we were able to pltch tents to secure levelhng routes and thus to carry '
. out observanons i

Because we were able to carry out levelling for this region, it became possible to control the
surveying accuracy by closing all levelling routes and conducting loop closure, and we were
able to secure the accuracy by carrying out clp‘sure correction computation.

observation - | benchmark no. | benchmark no, distance . " [ observation

Level . © From “To Observation | = Dateof | Remarks

Unreconnoitred route 598 6100 | 325Km 1994.1.20?2_4 1st order level (Sythet) N

— 42—



a9 80 9t : 92

— 24

., — 23

|
Lo
/
\

P Tesl Site

. @' a

o _O- ' River Cross Levelling = - _ o ( ,\,\

0 ke e Route observed if possible \ '

- ..........-. . Levellih_g Route

_ L —21 -
21 _ 7% Tidal Station Bench Mark -

Fig. 11 Observation route for levelling | AN
e SR 9‘0 R _ 9[: | 92
o =43 = o



3) River cross levelling

For river cross bench marks, as far as possible we selected sites where the breadth of the river
was narrow and the ground was good. We set the elevation difference between the observation
points oneither bank to a maximum of 1 metre, and used a line of stght by securing aminimum _

of 5 metres from the water surface.

River cross levels in seven locations were observed by the tlltmg screw mcthod using four

levels (WILD N3).

(1) River cross level locations

River cross Level | From Bench | To Bench | Observation | Observation | Standard Remarks
No. "~ Mark No. Mark No. Distance Frequency | Devialion,
(1) TBM-1 501 08Km | 20SET | #1.8mm |CHITTAGONG
(2) 6042-1 6043-1 1.1 Km 30 SET +1.1mm | DAUDKANDI
(3) 6185-3 683-3 3.0Km {. 100SET +1.8 mm ARiCHA
{4 6144 81452 | 04Km 20 SET #.3mm | TANGAIL
(5) 6145-1 6146-1 1.7 Km J0SET £1.2mm | SIRAJGANY
(6) 61471 845-1 1.8Km . | d40SET +1.2 r_nr_nf - SIBAJGANJ
7) 6028-1 S531-1 | .0.8 Krﬁ 20 SET _ +1.2 mm BHAIRAD

(2) Method of river cross levelling.
Observation Distance _ Meésuring Melﬁod Remarks

Up to about 5 km

Tilting screw mathod (using four levels).

Simultaneous observation (WILD N3)

(3) Accuracy of river cross surveying

During the study perlod the Karnafuli Bridge that had been damaged by cyclone was
- restored, and the work on the No.2 Meghna Bridge that had been under construction was
- completed. We could now carry out direct levelling in two places and were able to venfy

the accuracy of river cross levelhng of locatlons (1) and (2)

Sector | Hiver cross relative | Direct level relative Discrepancy (m) - ‘Remarks o
height (distance) heighi (distance) ' e
TBM-501 | -2.6096 (0.8 Km) | -2.6041 (45.3Km) | 40.0055 River cross: WILD N3
— T - Direct levelling: WILD

6042-6043 | -0.1020 (1.1 Km) -0.0860 (2.4 Km) +0:0060 (N3, NA3003) -

= 44. -




In a comparison between the two observations, the limit of loop closure (+4mmvS(S:km))
was fully satisfied, and thus it is conjectured that the observations from river cross
levelling achieve the same accuracy. as those from direct levelling.

(4) Formula for calculation under the tilting screw method
Mo~ IM1

o= 1.+ (l:—-1.) ——
Maz— M
A H =1~-1a
where ' _
AH :. héighl diﬁerencé.
1 .. ,. 1 :: staff scale positioned on boitomf!op ta}gets
mie, Mmaz: meaéuremanl ét boltorn/top targets (tilting screw scale)
mo: measurerﬁent at bubbie concurrence (tilting screw scale)
1 -: -backsight staff reading station

-1 o: foresight staff {opposite shore) reading station

mz 1.
5.

R e Rt P

1.
B ‘Observation was cafried out by téking the nurnber of observation days (as calculated by
the primary formula) and the number of observation sefs as standard.

T =28
n=4T

where T: number of observation days, S: observation distance in km, n: number of

_ observation sets o '
Eachset of observations according to the tilting screw method was carried out intwo equal
halves divided at around 13:00 hours.
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4) Rcciprocai levelling
For reciprocal bench marks, as far as possnble we selected sites where the breadth of the river
was narrow and the ground was good. We carried out observations after setting the height

difference between the observation pomts on either bank to a maximum of I metre.

Reciprocal levels in seven locanons were observed by the rec1pr0ca1 levclhng method using
one level (WILD N3, NA 3000 or NA 3003).

(1) Reciprocal level locations

Reciprocal level | From banch | To bench | Observation | Observation Deviation Remarks
no. mark no. mark no. distance frequency
(N 598-4-1 598-4 10tm 4 SET: -0.1mm  § MOHNGANJ NA
(2) 627 FM5126 260 m 4 SET -1.9mm  [JAMALPUR N3
{3} 6095 597 330m 4 SET -+0.5 mm- | SUNAMGANJ N3
(4) 6088 ' 590 107 m 4 SET -12mm |SYLHET NA
(5} 586 6085 148 m 4 SET -1.0mm | SAIDPUR NA
(6) 552 605G “146m 4 8ET- -0.5mm | CHANDPUR N3
{7 6100 801 115m 4 SET 0.1 mm |METRAKONA N3
(2) Method of reciprocal levelling
Observation 4 sets
Obsearvation Distance Measuring Method Remarks
Up to about 450 m Heciprocél leveliing méihod sm method
(using one level) (W!LD N3, NA 3003}

(3) Accuracy of remprocal surveying
Since the deviation in average observations for each set of 4 at both observanon points -
(both banks) was extremely small, we judged both the method and the frequency of

observanon to be appropnate whlle the effects of refractlon were aiso largely avoided.

(4) Formula for ca]culdtlon using the Iecnprocal levellmg method

3 n 1 n
AH =»— ¥%¥&a - — Db
n 1 n 1
~ where
AH : difference in relative height

backsight staff reading station
foresight staff (opposite shore) reading station
n:  Numbers of readings

I



3) Ob_sé_rvation Team Formation for levelling

The formation of observation teams in conduction levelling was made by taking into
consideration accuracy, safety and technology transfer. In view of the fact that the most
advanced and up-to-date surveying machinery was introduced, a Japanese registered sur-
veyor was assigned to each team to ensure accuracy and locally employed assistants (one
mechanic and two staff men) were also assigned. Also, locally hired hands were used for
traffic control at the surveying site when necessary.

In the third year study eight teams and 14 teams in the fourth year study were formed. Each

team was assigned with the SOB counterparts who were engaged in the negotiations with

local inhabitants and the arrangement of lodging. A schematlc diagram of Duty System is
_ gwen in an 12.

In view of the heavy and bulky surveying instruments used for over-river levelling and the

time consumed for preparations, a special team was formed by combining ordinary two teams

into one and placed one teamon the opposntc side of the river so asto enable the levelling work
to start at the same tl me.

In the latter of the fourth year study the SOB counterparts were asked to participate in the
_levellmg work with the intention of technology transfer. .
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2-3-1 Levelling Work Volume and Parameters for Observation

Thelevelling work volume and parameters for observation were as shown in the following table.

Category 1st Qrder Leveliing Category 1st Order Lovelling

Total distance _ 2,386 km Level WILD NA300Q, N3
Numbér of bench marks 461 Staff WILD bar code
Brake down: Collimating distance Standard 40m

Standard type 228 Reading unit 0.1 mm

Smaller type 233 Minimum reading 20 cm

Vertical datum 1 (Dhaka) . : | Maximum reading . 300 cm

Reference points. 2 (A, By - ' Toielance +4mmVS (S:distance)

Supplementary point 1 {tidal observation station) Temperature reading Units of 1 second

Riyer cross level sites {7 (9.6 km) Level calculator Data Collector

Reciprocal level site 7 (1.2 km} Number of levalling loops | &

2-3-2 Computation and Arrangement

Forthe observaﬁons for each team; the bar code staff values were automatically read, stored in
the levelling calculator (Data Cn_)llcctor 1.C-12 Tamaya Calculating Systems Co.), and, after various
necessary calculations, were output from the printer in the form of print-out slips.

During the work carried out in the field, we arranged the data on the basis of the output
observations of height difference and carried out various corrective calculations, confirmed the loop
closure error, and verified whether the surveyed results were good or not.

Wealso a:rangéd other related data such as materials prepared or gathered locally, observation
records, calculation records, and point notation,




1) State of loop closure

I
i W
$=501Kn
§=485Kn | $=455Km
g =-3.4nn .
(89:51m) S | & =+21.0ms §=425. 8un
| {(BB.lam) | {85.3nm)
S=616Ka
G =-3.4mm

{99.2am) M Vertical dalum

- §=717Kn

6 =-40.0mn.
(.10?'. Inm)

T 1Tl : loopnumbers
S @ route length

§ : loop closure error {clockwise)

() :_Tora!aﬁca

[ = Tidal station bench mark
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2-3-3 Network Adjustment

1) To prepare analysis computations and results tables for levelling we used a mainframe
computer (NEC ACOS-610} with a levelling network adjustment program. '

(i) We computed the levelling network adjustment by fixing the tidal station bench mark on
the basis of the mean sea level (as determined via tide level observation), and thus

determined the elevat

ion of the vertical datum,

Then we fixed the vertical datum (more or less in the centre of the levelling network), and
computed the standard deviation in the elevation of the bench marks. (See 4. Bench mark

“data list)

(ii) We computed the network adjustment using the observation equation, weighted by the
inverse of the distance,

(iil) We prepared results tables etc. based on the outcome of the adjustment.

'A) Observation equation

vig==— X1t X

where - hi, h

X, X
Ahig:

Vor) s

~ (hi=h,;+Ah)

: hypothetical elevation of bench marks i and |

corraction of hypotheti_ca! elevation of bench marks i and j
observed height difference between bench marks i and |

residual between bench marks i andj

This can ba summed up by

Va=AX-L

Weight P

where the respective matrices and vectors are as follows.

Vo
Vo
V =. .
(m. 1) ..
Voa
X
) X2
X = E
(n, i}
Xn
where S Vol
1
L
L Paa=

& 11 aqg2¢* *+ " * Qn
a 21 ‘Azz " " * A2n
A = e e e e .
{m., nj P
,. . ._ a wi :a@z' « o+ * " A omn
1. P 0
1. Pz
L = - P =
{m, 1} . . {m, m) .
N ln 3 0 p-

vy for the rth number

b for the rth number (hy - 1y + Ahy)

S 15 ¢ route length between bench marks | and



B) Normal equation
(A'PA) X=A'PL
X= (A*PA) 'A'PL
C) Results of averaging
(a) Standard deviation in observations per unit weight

VPV

(m=-n)

where m : number from the observaticn equation

N number of unknown points

(b) Standard deviation in average elevation of unknown points

M, =Mool Q, Mi=Mod Qiz2, « « Mn:MOIQ:;n
where - Qi Qi v Q 1nn l

Q2| Qz: ot QZn
Q= (A'PA) '=

{n. n}

\in an R an‘

D) Standard deviation in levelling observations

U ] 1

S n

: standard deviation in observations per kilometrs (unit: mm)
U s : discrapancy of double running (unit: mm)

S , - distance betwean links (unit: km)

n : number of links
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2-3-4  Determination of the Vertical Datum Value

The numerical value of the vertical datum is shown as the height from mean sea level. Mean sea
level was an arithmetric means of tide level observatlons taken over about two years in the tidal
observation station built in Chittagong.

Determination of the Vertical Datum Value

1) Mean sea level (ffom lidal observation data)
An arithmetric means of observations taken over 22 months from Jan, 1993 to Nov. 1994 was set as the
Zero pomt (datum) for elevatlon

2) Determining the elevation of the tidal station bench mark (TBM)
-H = 7.5766m (by direct levelling between the standard mark of the-tidal observalion station and the tidal.
station bench mark}

3) Determining the elevation of the vertical datum
Wae fixed the elevation of the tidal station bench mark (TBM), computed the network ad;ustment from
observed values on all levelling routes, and thus determined the elevation of the vertical datum.
Next, we fixed the elevation of the vertical datum positioned more or less in the centre of the levelling
" network, again computed the network adjustment and computed the standard deviation in elevation at
each bench mark A .

4} Accuracy of vemcal datum elevataon :
We catried oul surveying with a limit of +4.0 V3 (S:km) for double-running observatlon and loop closure.
The result was that very good closure was achieved in the 5 levelling loops that were formed.

5)' Standard deviation throughout the levelling network -
Standard deviation (m)= + 0.9mm (by leveling nelwork average adjustment)
Standard deviation per kilometre = £ 0.8mm (doubie run descrepancy)

8) Elevation of the vertical datum _
-H = 6.4292 m (by levelling network adjustment)
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2-3-5 Comparison with Elevation of Existing Bench Marks -

.- From the results of levelling network average computation, we computed the elevation of each
bench mark, taking mean sea level as the zero datumn. Asthis levelling network included four existing
bench marks, we were thus able to compare elevations.

We also made comparisons.with bench marks (FM )} installed for fldod action plan with aid from
Finland. o

Bench mark no. | New elevation | Ofd elevation Difference in Location Installation
{m) (m) elevation (m)
540 7.8789 8.3457 -0.4668 DHAKA SOB
541 | 69281 '+ 7.3980 -0.4749 DHAKA sol
734 - | 345055 34.5329 -0.0274 DINAJPUR 0l
—~ | 147760 | 152220 |  -0.4460 |MYMENSINGH sol
GPS 303 8.5344 90354 | . -05010 DHAKA SOB -
FM 8032 302612 | 303015 0.0403 | RANGPUR | FINN MAP
FM 8025 18.4695 18.6008 L -0.1313 BOGURA FINN MAP
FM8030 15.6500 158213 01713 BOGURA FINN MAP
FMSi02 12,5010 12,7423 -0.2413 - | - TANGAIL FINN MAP
FM7914 | 8.6346 8.8891 -0.2545 GAZIPUR | FINN MAP
FM 8133 . 7.3865 7.6607 -0.2742 MANIKGANJ |  FINN MAP
FM 6412 9.0871 9.4326 -0.3455 FARIDPUR |  FINN MAP
 FMBe2g | 130527 - | - 132918 | . -0.3391 KUSHTIA FINN MAP

f Overali, the elevation levels tended to be lower by 3-50 cm, which is surmised to be attributable
to the unclear control point level and the systematic values were indistinguishable.

River Brahmaputra

~ DINAJPUR  RANGPUR MYMENSING
. -3enm -dom - : -4005
BOGRA §  DHAKA
~20ch . -50cm
F!i\;er:Ga_nrg)'es;'”_J" manns NI SUURUUOoy s
KUSHITIA

-30 ¢cm
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2-4 Control Point Surveying -

Geodesy is one of man’s oldest sciences, and is used for calculating the shape and size of the
earth. “Geodetic surveying” means measuring the geometric relationship between points on the
carth’s surface and working out coordinates, while localized’ measurement of fixed 1nd1c:ators
{control points) on the earth’s surface is called “control point surveymg

Latitude, longitude, and elevation calculated by geodettc surveying are given to control points
on the earth’s surface to create a basis upon which the development of national land (e.g. flood control
plans, farmland development) can be carried out efficiently and maps can be drawn up. :

1) The history of geodetic surveying

Eratosthenes (276-194 BC) was the first to measure the size of the earth using astronornical
geodetic methods, based on the hypothesis that the earth was round. With his method, taking
the distance between two points north and south on the same meridian, he set the arc length
(circumference) as | and the angle at the centre of the earth as (V), and was thus able to
calcuiatc the radius of the earth (R) using 1 : 2rR = v°: 360°

For (v), he observed the dlfference in altitude as heavenly bodles passed over the meridian
. at both points, while for the arc length (circumference) he estimated the travelling speed of
a caravan of camels as 100 stadia per day, and thus calculated the radms of the earth

Poseidonius (135-50 BC) measured the radius of the earth by using the time it took a boat to
travel. And in the 9th century there are records of Arabians who measured arc length with
' wooden poles.

(1) Triangulation

At the end of the 16th century, the Danish astronomer Tycho Brahe first hit upon the -
concept of triangulation and used it for surveying between islands. Meanwhile, Jean
Picard (1629-82) carried out triangulation from 13 triangles spread over about 120km to
the north of Paris, and made base line measurements using a wooden measuring pole.

(2) Length surveying

In 1936 the State Engineering Research Institute of the USSR produced an electro-optical
distance meter using modulated “light”. In 1948, the Geodimeter was developed and
became widely used for use in surveying. The first Geodimeter was heavy apparatus that
could measure distances of up to about 70km, but was difficult to transport. It was highly
efficient, with a measuring accuracy of about 1-2 x 10°°, 6, and was. used for base line
measurement at the Cape Kennedy Space Center.

Thanks to the diffusion of smaller electro-optical distance meters from the second half of
the 1960’s direct distance measurement has become possible, and as a result tnangu!anon
has developed into tnlateratlon and traversmg (polygonal surveymg)



(3) Surveying by satellite

With the Navy Navigation Satellite System (NNSS) developed in 1959 by the US navy
. inits Transit Program, the frequency of radio waves transmitted from satellites is used to
measure the Doppler effect on earth from the movement of the satellite, and the position
of the receiving point on earth is calculated from information on the orbit of the satellite.

The US navy started operating this systemin 1964, In 1967 it became available for civilian
use and came to be applied for determining geodetic positions as well.

(4) GPS (Global Positioning System)

This is a navigational system that was developed by the US navy and air force early in
1960, after a plan was launched to develop a system that could give navxgational and
positional information using signals transmitted from satelhtes

In 1973 a GPS:JPO (Joint Program Office) was set up, a concept for a global position

‘measuring system was proposed, and the program was promoted with the aim of full
- deployment in-1985. : . :

(GPS PROGRAM DEVELOPMENT)

| TRANSIT [ TIMATION I REALTIME

3-DIMENSION

NAVIGATION
(6218B)

OTHER
MNAVIGATION
SYSTEM .~
STUDIES
NNSS

NAVSTAR |
| GLOBAL
| POSITIONING
 SYSTEM

GPS satellites orbit at an altitude of about 20,000 km on six orbits inclined at an angle of
approximately 55° to the equator. They have a period of about 11 hours 58 minutes, or
exactly 0.5 sidereal days.

The number of satelhtes operatmg in the second half of 1993 was 24 for Block [ and Block
Il combined. With this. the system is. complete and it is now being used widely for
nav1gat10n by planes ships, cars, and so on. :

' Smce this system has good accuracy and can be used for geodetic surveying, it has also
o come {o be apphed to general surveymg, such as in th1s study
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2) An outline of GPS

GPS (Global Positiotiing System) is an all-weather navigational and position measurement
system that uses the US Navigation Satellites for Timing and Ranging (NAVSTAR). It
receives radio waves, modulated for positioning, that are transmitted by atotal of 24 satellites,
“and enables us to work out the distance between satellites and observation points.

Since the orbital position of each satellite is already known via the World Geodetic System
1984 (WGS 1984), by receiving radio waves from 4 satellites simultaneously we caninstantly
work out the three-dimensional coordinates and time (UTC) of the observatlon pomt (point
positioning). Accuracy is about 100 metres and 1p.

Meanwhile, by observing the carrier phase at several points for 0.5 < 24 hours and combining
- them for analysis (static relative positioning), we can easily achieve a high relative accuracy
(0.01-1ppmy), and thus this method can be used for geodetic surveying.’

There are other positioning methods such as the kinematic, pseudo kinematic, and rapid static
methods that aim for an accuracy of centimetres in a surveying time from several seconds to

several minutes, by skilfully processing phase ambiguity (Leick, 1990 ‘Hofmann- Wellenhof
et al 1992).

(1) Composition of GPS
A) The three cle_méhts of GPS

1 Space segment — NAVSTAR satellites (1-24 satellites)
‘Block I: experimental modules (SVN 1-11)
Block 11: commercial modules (SVN 13-21)
Block IIA improved modules (SVN 22-40)
— Control segment —1- Master Control Station: orbit calculation, satellite control
Colorado Sprmgs
Momtor Stations: satellite tracking
‘Hawaii, Kwajalein, Ascension Island, Diego Garcia,
L Colorado Springs
Ground Antennas: communication with satelhtes
Ascension Island, Diego Garcia, Colorado Springs
GPS receivers, software

— User segment
B) Orbit of satellites
A total of 24 satellites have been lauhched with 4 satcll.ltes on each of six different

* orbits that diverge from each other by 60° in right ascendmg node (Q) ‘The anglc of
" incline of orblts (i) s 55° (63° i m the case of Block I)

. The semi-major axis of the. satelhte orblt ellipse (a) is 26 560 ki, thus the satellites

circle the globe in cycles of exactly 12 hours 0.5 s1derea] days) ‘Sinceé one solar day

is 23 hours 56 minutes long, the appearance of mdwadua] satellités advances by 4
minutes each day.

Orbit eccentricity (e) is 0-0.01, thus almost dépicting_ acircular orbit, and the satellites E
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are so distributed that at least four of them can be seen from anywhere on earth at any
ol time,

C) Satellite numbers

Satellites are numbered according to two systems, PRN and SVN. PRN (Pseudo
Random Noise) is the week number of the P-code that has been allocated to the

-satellite, while SVN (Space Vehicle Number) is the number of the satellite module

itseif.

‘D) Frequency standard

The satellites are fitted with highly accurate atomic clocks representing frequency
standards (Cs and Rb clocks)

E) Distribution

Between 1978 and 1985 a total of 11 Block 1 satellites were launched. Their design
life was 4.5 years, but actually some of them have been operating for about ten years,

Distribution of Block 1I commercial modules started in 1989 and that of Block IIA

improved modules in 1990, Their design life is 7.5 years. By December 8th, 1993 a
total of 24 satellites from Block I, 11, and ITA had been made available for use, and the
USA declared a state of Initial Operational Capability (IOC). When 24 satellites -
become available in Block 11 alone, a state of Full Operatlonal Capability (FOC) will
be declared.

As of May 1994, one Block I satellite (PRNIQ/SVNIO) and 24 Block I/ A satellites

~were in use. The following table (GPS B2 file) is a list: of Block II/IIA satellites as

'1ssued by the US Naval Observatory (USNO) This hst is available on “Internet”.

Llst for block IIIIIA satelhtes

Order of launch PHN SVN (GPS) Launch date  Frequency index Orbit

fl-1 14 : 14 14 FEB 89, Cs . Ef
12 o2 © 13 10JUNB2. . Cs. B3
-3 16 S 18 18 AUG 89 Cs E3
It-4 19 19 . 210CT89 Cs A4
-5 a7 17 11 DEC 89 Cs D3
li-6 © 18 18 24 JANSO ~ Cs F3
-7 20 20 26 MAR 90 Cs B2
-8 21 . 21 02 AUG 90 Cs . E2
9. - 15 - 15 01 0CT 90 Cs D2
HA-10-. TR << R << X 26 NOV 80 Cs E4
A1 .24 .24 04 JUL 91 Rb D1
. WAt2 28 . 25 23FEB92 = Cs A2
- A3 e 28 10APRS2 . Cs ce
A4 o 2l T 28 e Q7JULS2 - 7 Cs o F2
o WAAS 27 e 27 098EP92 Cs A3
CHA o ot 32 22NOVE2 -~ . Cs , F1
WA17 -0 teg o T 2e "18DEC92 ' Cs = F4
1 A-18 22 22 03 FEB 93 . Cs B1
tA-19 31 31 30 MAR 93 Cs C3
1 A-20 or 37 13 MAY 93 Cs C4
Il A-21 S 09 39 26 JUN 93 "~ Cs A1
HA-22 05 36 30 AUG 93 Cs B4

Il A-23 S04 C o34 26 0CT93 Cs D4

HA24 06 38 10MAR94 . Rb ' C1

s



F) Positioning signal

The basic frequency fy (=10.23MHz*) of the atomic clock fitted in the satellites is
magnified by 154 and 120 times, carrier wave frequencies of L1 and L2 are created,

and phase shift keying modulanon is received in two Lypes of PRN code transmitted
from the satellites, :

On the receiver side, the same PRN code is reproduced and the time axis of the
reproduced PRN code is shifted until the maximum corretation with the received PRN
signal has been obtained. Multiplying the amount of shift by the speed of light gives
the distance between the satellite and the receiver. Since this distance includes clock
errors on either side, it is called a pseudo-range. PRN codes include the generally
available Coarse/Acquisition (C/A) code and the Protected (P) code for military use.
The codes are in a pseudo-random series made up of 0’s and 1°s. The repeat frequency
of C/A codes is 1ms while that of P codes is 37 weeks. P codes are assigned to each
satellite for one week at a time. When the USA switches GPS to Anti-Spoofing (A-
S) mode, P codes are encoded and become Y codes. Since the IOC declaration, Block
I/1IA satellites have basicaily been operating on A-S modes.

The pre- modulatlon carrier wave (L) expressed in terms of aj (amphtude) and f;
(frequency) is Ll(t) =aj cos(f t.- :

The mgnal transmltted from GPS satelhtes is modulated in such a way that

l(t) =3 P(t)D(t)COQ(f{t)*}-al C!A(t)D(t)sm(fl t)
Ly(t)=ay P(t)D(t)cos(f, t)

where P(t): Pcode C(t) UA code, and D(t): nav1gat10n message (Spllker 1980).

The following table shows the frequency and wavelength of 51gnals emltted from GPS,

Carrier wave . - . | C/A coqle | ~ Pcode
LI - 157542MHz - L023MHz ~ 1023MHz
(=19.0cm) . (=293m) (=29.3m)
L2 © 1227.60MHz o 10.23MHz
: | (F244cm) - (=29.3m)

In parentheses wavelengths |

In static relative pos:tlomng the dlstance from the satellite is measured usmgthe phase
- of the carrier wave itself rather than the PRN code. The carrier wave can be obtained
by decoding the PRN code. And even if the code pattern is unknown the phiase can be

reproduced using techmques such as square-law detection or cross-correlation
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* The actual frequency has been set 0.00455Hz lower than this, in order to make a
relativistic correction due to the difference in gravity between the satellite altltude and
the earth's surface,

() Navigation messages

The orbit of satellites and the behaviour of the satellite clocks are mainly calculated
by the Master Control Station on the basis of satellite tracking data from monitor
stations. This information is uploaded to the satellites via ground antennae and is then
transmitted by the satellites to users in the form of navigation messages. The orbit of
the satellites is given in the form of Kepler orbit elements supplemented by a quantity
based on time, and on the basis of this the position of a satellite at any given time can
be calculated by the WGS-84 system. These orbit elements are called broadcast
ephemeris.

H) SA

For military reasons, the USA controls the frequency of satellite clocks, and in
addition to manipulator degrade in broadcast ephemeris this leads to a diminished
accuracy of independent positioning. We call this Selective Avallablhty (SA). It has
hardly any effect on relative positioning. -

' 3) A mathematical model for GPS

To analyze the GPS observational data, we need a mathematical model to make the link
between the amount of observable data and the unknown parameters that we wish to discover.
Here we shallintroduce a mathematical mode] that gives the satellite position and coordinates
of observatlon poinits (known points) that form a basis, and estimates the coordmatcs of
_ observation pomts other than known pomts (unknown pomts) :

.(1) GPS ob_Sf_crvatlon _

‘Weinstall a number of GPS receivers at each observation point and record the carrier beat
phase from each satellite simultaneously for:every sampling interval determined in
advance. Each observation time is called an “epoch”. Although the observation period
differs according to the required accuracy and the distance between observation points,
normally it can be anythmg bctween 30 minutes and 24 hours, A series of observations

"1s called a “sessmn ' : -
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(ii) Carrier beat phase

The carrier beat phase (or one-way phase) from a satellite (j) that is received by areceiver
(i) at a certain time (t) can be represcnted in the model as

B0 (t)= p (8} A +H 181 (t)-F6 ((t)-Adon/A + A trop/ A
The unit is frequency' (cycles).

o 3(t): the distance thal the carrier wave received by receiver i) at time {1) has travelled from :
satellite (j} (propagation distance} N ' . '

A | : tength of carrier wave
N'5 : phase ambiguity or integer bias
f  : trequency of carrier wave
& I (t): clock error of satellite (j)
& 1{t): clock error of receiver (i)
.A'ion : ionospheric delay' .

A trop: tropospheric delay

The nornal practice is to indicate satellites (in space) with superscript figures and
receivers (on earth) with subscripts. If there is no cycle slip, the phase ambiguity of a series
of carrier beat phases for a specific satellite and receiver in one session is fixed.

When selecting the carrier beat phase for the observed quantity, the clock errors of the
satellite and the receiver are estimated for each epoch and the tropospheric delay is given
in a model, a suitable angle of elevation dependence is hypothesized and the amount of
vertical delay is estimated at appropriate time intervals for each-point. -

Ionospheric delay is removed through linear combination of dual fféiluén.éy data (td be .
discussed later). The parameters connected with the posi_tions.of satellites and observation
._-points are included in the propagation distance pli(t). - . '

(iit) Propagation distance

When the satellite position (or to be more exact the phase centre.of the transmission '
antenna) at time (1) in an inertial system (J2000 system) is given as x(t) and the
observation point position (phase centre of the receiving antenna) as x;(t), the distance of
propagation pli(t) from satellite (j) of the carrier wave received by receiver (i) at time (1)
is obtained by solving the following light-time equation through iteration. :

o0 (8= 1 X' (t-0 1 (t)/e)-Xelt) |

When the position of the satellite and receiver are given in terms of a terrestnal system
(e.g. WGS-84 system) the special relativistic effect (Sagnac effect) arising from the -
rotational coordinate series is corrected. In any case, coordinates occasionally havetobe
switched between inertial and terrestrial systems. The earth’s rotational parameters such
as polar motion, precession, and nutation are included in this. - o
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The partial differential coefficient relating to the observation point coordinates for the
propagation distance is needed whenever sefting up the observation equation. If we
‘assume in rectangular coordinates xi(t-p/c)=(x}, y}, #¥), and x; (t) (xl, ¥i, Zi), then

x(t)—{(x S ) (v -y )t (2t a) P
Thus, if we ignore infinitesiral terms, we obtain
dp’i/dxi=-(x-x:i}/ o, 3o’ /By =~(y'-y1)/p"*
Y@ ai=-(2t-n) /0!

In other words, the partial differential for the constituents of observation point coordinates
‘of p is the same as that of the constituents of unit vectors from the satellite position at time
(t-p/c) that move towards the observation point position at time ().

(iv) Phase difference observed quantity

By taking the difference in the carrier beat phase obtained from different receivers and
satellites we can simplify models in which common errors cancel each other out. These
phase differences are sometimes regarded as the new observed quantity.

A) Single difference

Here we consider the carrier beat phases from a satellite (j) received by two receivers
(A) and (B) at time (). When the difference between the two is subtracted we are left

- with the “single difference”, shown as @, g(t). Clock error shared by satellites can be
cancelled out in this way S Co -

o ”(w = au) Sa(t)

| B :;{p gtyp.ntn/x+nu;4aaut)
where  N'ae = NJB?_-NJ; ;8 an(t) = 6s(t)—§'A(t')

B) Double difference -

Here we shall consider the carrier beat phases from satellites (j) and (k) received by

receivers (A) and (B) at time (1). Single differences can be defined for each of the two

satellites. The product after subtracting the difference between these single differ-

ences is called “double difference”, and is expressed as @K, p(t). Receiver clock

errors can also be cancelled out against each other in thlS way. In normal analysxs the
. use of double-difference is preferred. '

Q‘lkAa(t) = ¢ Aa(t)"q’lns(t)
_ {.o s{t)-p0's(t)-0 n(t)Fp a(t)}/kﬂi“‘
where N e = kp- N’a N¥A+H'a
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C) Triple difference

Receivers (A) and (B) receive signals frorn sntellites (j) and (k) at times (t;) and
(t2). The double differences for times (t;) and (tp) can be defined. The product after
subtracting the difference between these double phase differences is called “triple

difference™, and is expressed as ®¥,5(t1; ty). Phase ambiguity can be cancelled out
inthisway. .

O Fau(tists) 1 an(ta)-0 ' *an(ts) o
{o*s(t2)-p a(te)-p (L) + o a(ts)]}
“Lo*a(t-0 Pa(t)- o (b + o a1 1/

(v} Correlation between observed quantltles

Although carrier beat phases obtained from the same session can involve some kind of
correlation in physical terms, normally calculations are made on the assumption that there
is no correlation.. Even when the carrier beat phase is independent, a mathematical
correlation arises between the phase differences within the same epoch that has been made
by combining them. When seeking the weight of the observed quantity we need to
consider the variance-covariance of the observed quantity. -

(vi) Observation equation for static relative positioning.

~ Letus now show an observation equation for cases in which the coordinates of unknown
points are sought from single cycle observation data via double difference. We shall
ignore ionospheric and tropospheric delay. We have obtained data across (ny) epochs
from (n;) satellites at (n;) observation points. For simplicity we shall assume that there are
no lost observations. From these observations we determine the observed value of i) 1(k)
for observation point (1)=1,2, ... n;, satellite G) = 1, 2, .. .. T, and epoch (k) =1,2,.
In order to calculate the unknown point coordinates by the least square method, we need
observed quantity vectors, the observed quantity variance-covariance matrix, approxi-
mate values of unknown parameters, approximate values of observed quantities via the

o mathematlcal model, and the planned matrix. oo

- A) Observed quantlty vectors:.

Takmg satelhte (1) and observatlon pomt (1) as standard the llnearly independent
double difference can be calculated from the observed values. of carrier beat phase,
thus:

do k=1,nx
do j=2.ny
do i=2,n: : : A o
oy, 1(k)—-¢’1(k) ® (k)@ (k) + 9 " i(k)
enddo '
enddo
enddo
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The total number is (nj-1)(nj-Dng. We can form an observed quantity vector by
aligning these in sequence vertically, thus: -

Ly = [‘I’”nz(l),@"1:(1),...,@”1.:.;(1),@”:z(l),...,@'Jl.m(l),...
' , O 0 a(1),
(13”12(2),(_13”1_3(2),...,(13”:.;.1(2),(13'312(2),...,(1)”l.nx(Z),...

L O an(2),

(I)ulz(nk),fpula(nk),... i ,04')""“‘l.ni(l‘lk)]T

(T)is a symbol indicating transposition of rows. Since in actual observations there are
some lost observations and switches between satellites, for each epoch we carefully

- select linearly independent double differences. For algorithms in this respect refer to
Remondi (1984). : : '

B) -Variance-covaﬁeince of observed quantity . -

If we take the observation noise in the carrier beat phase as (G), the correlation between
the double differences ®1,! i, (k) and 12 1,i2(k) fora given epoch (K) will be
462 when il=i2 and j1=j2, '
262 when il=i2 and j1#j2,
262 when 11#i2 and j1=j2, and
o2 when i1#i2 and ji#2.

- The variance-covariance matrix (C(k)) can be produced by vertically and horizontally -
aligning this correlation in order so that it corresponds to the observed quantity vector.
Thus: . 2 : . o :

422,02 2110000 2l 1. 21 1] <@ P,

(k)= |4
: | 242...2°  121...1 t2t...1... 120...1 ] <@ "%y,

f - o |
| 222...4 111...2  111...2... 11...2]1 < ® ', ot

o2ttt 422...2 211...1... 2l...1 | «<d 1,

1121, 242...2 12t,..1,.. 120,10 «® ',
[ 111...2 222...4  111...2...  H11...2] <0 '* .
[ ... [ ...

| 211...1 211...1 2il...1... 422...2| <=0 ",
fi121...1 121...1 121...1... 242,,.2 1 <@ "y,
|_ ..'-...7. __;_ D [ : S R E LRI .

| 111...2 t11...2 111...2... 222., 4| «®
R S S T
¢ ' ety Oy, e, MR,

The size of (C(K)) is the square matrix‘of (n;-1)(ny-1).
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Since the correlation between double differences is “0” if the epochs are different, the
variance-covariance in relation to the total observed-quantity will be:

2v =1 C(l _ -0 i _
| £(2) . |
i () . 1l
|- |
0 C{k) |

C) Unknown parametess

Since we are dealing here with relative positioning, we fix the ‘coordinates of

- observation point (1) to work out the coordinates of observation points (2, 3, ....., m;).
Assuming that we know the respective approximate coordinates, we estimate correc-
tions to the approximate values as parameters. We show these, forexample, in a three-
dimensional orthogonal coordinate series (Xy=(x2,¥2,22)). The number of unknown
coordinates is (3x (nj-1)) in total. Since the double difference includes an integer bias,
this is also worked out as an unknown number. Since no approximate value can be
found forthe integer bias this is given as “0”. The number of the integer bias is the same
“as that of the linearly independent double difference in the first epoch, and is thus
(ns-1) (0y-1). -

To summarize the above, the unknown parameter vector 1s: -

X=[Xz,Yz,Z?.,Xa,}'J,Zs,...,an,Yn;,Zn(,an:,N“ 1, N' "11 n:}T

D) Approxnmate values of observed quantltles via. the mathematlcal model

The mathematlcal model F(X) for thc double dlfference mvolvcs ahgmng the
following equation verticaily so thatit.corresponds to the cbserved quantity vector:

T = (e k) o ko (k) + o (I A R

The satellite position is already known via broadcast ephemeris or precise ephemeris.
‘When the coordinates of the observation points and the approximate value of the

‘integer bias are mtroduced F(Xo) can be calculated (L—Lb-F(XO)) produces values
for (0-C). LT

" BE) Plannéd matrix

Smcc the partial differentiation of propagatlon d1stance for the unknown pomt
coordinates was -

plil@xi=-(x'-x1)/ 0, a o 1/6y1—-(y 'Yt)/p
:lazu——(z-—z:)/p



the partial differentiation for the unknowh coordinates of the double difference will
be: '

20 (k)@ xu=[-(xx)/ 0 1 H (x'-x1)/ 0 1)/ A

@ k) Ayi=l-(y -y o i+ (y -y ) 0 1]/ A

ok} du=[-(at-2 ) o it (2 -2}/ p 1]/ A
In addition, the partial d;fferentlatlon for the integer bias will be:
oV (kAN = fo.o.i=i’and j=j°

- 0....ii%or Jj2J

If we align the above partial differential coefficients in order as follows and substitute

.t_he approx_imate val_ue (Xg) of the parameter we can work out the value of A.

A=(8F/dX)xo L | S
= f 5@'212(1)/6?(1 8@"1:(1)/6)*: 6(13”12(1)/62.2 ... 1000..

In this way the various terms for the observation equation are deduced. If then the
observation equation (V=AX-L) is solved by a suitable method we can estimate the
unknown parameters, When we include those that are not linearly independent in the
observed quantity, ranking defects arise in matrix A and the solution becomes

_ indeterminate.
 (vii) Linear COmbination of dual frequency data

) B In order to correct 1onospher1c delay, we may choose the observed quantity of linear

combmatlons of carrier beat phase. (@), (@;) in bands (L 1) and (L2). If we express

- ((I)l) (Py) as frequency (cycies) ‘and set (n}), (ny) at any real number, we can express

the linear combmation_(d)) (cycles) of dual frequency data in the following terms:
& = mPi+nd: ‘
= nlf17t+l}z_f'zt _
e nmear

. '_ 'Therefore, we can deﬂne the frequency (f) and wave lenoth (?\.) of the linearly
- combined phase with: .

f = l'iift'f‘ﬂzfla.r".
A = e/t
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IGCD”_I:._(I-)/GM_ . 8@ '*a(1)/ 8y ac_blz'a(l)/azz - 0100...0{
b0t 1)/ 8xs 0" ail1)/8y2 80" ™ ai(1)/d2s ... 1000...1]
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Commonly used linear combinations are shown in the following table.

Symbol - Name of observed quantity ~ nl . n2 Wave length (cm)
L1 L1 carrier wave 1 o 19.0

| - 1.2 carrier wave S I 244
L1+L2 Narrow-lane .. 1 I 107
L1-LZL5)  Wide-lane ' 1 -1 86.2
LC(L3) fonospheric free: | -B/) - 48.4%
LG(14) fonospheric delay 1 -f1/f oo

* As defined by Hofmann_-Wellen.hof el al (1992).
According to the relevant literature, (LC) is defined by Imiltiplying this (nl), (n2) by
(£12/(£,2-5,%)) (King et al., 1985). In thls case the wave length would be 19.0cm, the
same as (L.1).

Since phase delay due to the ionosphere is in inverse proportion to frequency, (LC) is

an observed quantity that is not susceptibie to ionospheric effects. Therefore we use
(L.C) to analyze long base lines of around 10km or more. When using (1.C) for narrow-

and wide-lanes, we use the phase ambiguity inherent in (L1) and (L2) for resolution.

The carrier beat phase of (L.1) and ('L2)'rnay be shown as tﬁe dirﬁensioné (m) of the
length and the 1onosphenc free observed quantity (LC)m may be defined as:

LC = f:z/(fn "'fzz)Ll — £ {f, -2 )L
"(B'eutler et al.' 1989). In this case the wave len_gth is not defined.

(vm) Resoiutlon of phase ambxgmty

Usmg the fact that the phase amblgulty of double difference of (Ll) and (LE) is an

integer, the phase ambiguity estimated as a real nunerical value is sometimes rounded

up into an integer and the other parameters re-estimated. This is known as ambiguity
resolution. The accuracy of coordinate estimation may be increasedin this way. When
using (LC) with dual frequency, the phase amblgmty of (LC) itself i is not an integer,

but the phase ambxgulty of (L ]) and (L2) may be resolved by usmg w1de and narrow-
_ lanes

(ix)  Physical model

To analyze data, a concrete physical model for the earth and satellites is needed in

addition to the structure of a mathematical model. The International Earth Rotation
Service (IERS) has compiled physical models necessary for data analysis. by space
_geodesy technology (e.g. crustal inovement, eaith gravnty field, eaﬂhtlde, ocean-tide -

loading displacement, tropospheric delay models, and solar radlatlon préssure mod-
els) in the form of IERS standards (McCarthy, 1992)
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(x) Transformation between terrestnal and inertial systems

Totransform betwcen a convenuonal mcrt:al system (Xcys; €.2. the J2000 system) and
a conventional terrestrial system (Xcrs; €.g. the WGS-84 system):

XeTs = R (polar motion) R (earth’s rotation) R {precession) R (nutation) Xcrs.
Here, R is arotational matrix taken as an argument for the earth’s rotational parameters
- as named inside the parentheses, and is a function of time. For specific formulae see

for example Hofmann-Wellenhof et al. (1992).

The above details are quoted from “Geodetic Formulae” issued by the Geodetic
Society of Japan.

2-4-1 Control Point Surveying Using GPS
- Control point surveying was carried outin accordance with the “Work Specification for Prirhary
Control Point Surveying in Precision Geodetic Networks using GPS” and the “Guideline of Data
Recording” of the same (Geographical Survey Institute, Ministry of Construction), as' well as
“Overseas Surveying Specifications” (for base maps). -
1) Reconnaisséncé of control points
| )] Rc_connajssance area
Thc areais located inarange from 22°15'to 26°40' northlatitude and from 88°03' to 92°40"
-~ east longitude, and has a land ar¢a of 95,000 square kilometres (about seven-tenths of the
total land area of Bangladesh = 144,000 square kilometres).
(i) Number of points ex'p_lored and reconnoitred
Existing points 24
New control points: 115 (26 type A, 89 typc B)
Geodetic datam: 1
" (Total) 140 points
(iii) Team composition
1 or 2 Japanese surveyars, 1 or 2 SOB counterparts
'(iv) Recorinaissance method
As we were not permitted to use radios, the greatest priority was placed on the safety of
© the reconnaissance work, while the control point team and the bem,h mark team worked

together in view of the efficiency of the work.

We used handy GPS and maps (1 :250,000, 1 :50,000) in order to ensure an efficient access
to the places s_cheduled for the installation of control points.



For reconnaissance, we '
» set the intervals between control points at around 30km;.
« avoided natural objects and vegetation that could obstruct radio waves;
« chose places that were good for use and security (public land); and
» chose places in which an angle of elevauon of at least 15° for v1sxbthty from horizon
- could be secured. - : :

Attheinstallation points we decided on sites for driving wooden posts. Inour “Description
of control points locationing” we entered information that would be necessary for the
future continuation of the work.

2) Observation of control point surveying

The “Control poin{ monumentation” in Phase Il was completed successfully Obscrvatlons
by GPS were made for 60 points in the western district. . :

" In Phase III, we made observations at 81 points in the castern district, totalling 141 'points in
all. These include one point at which observations were made to determine the geographlcal
coordinate of the standard tidal observation station.

The majority of the land consists of a delta zone formed from the confluence of vast rivers,
and the flat topography is dotted with large trees. Since these would obstruct GPS signal
reception, for our surveying we used specially-ordered 10m and 15m GPS antenna poles.
Thanks to these, GPS antennae could be installed accurately in positions beyond the height
of trees, reception was unobslructed and so we were able to co]lect good data.

" The reproduc1b1hty of the data was very good and a hlgh degree of accuracy was maintained.
These data were recorded on floppy disk and brought back to Japan for analysm/computation
(See Figure 14)

Meanwhile, in order to assess geoidal undulation in the geodetic network, we carried out
elevation linking survey in consideration of the network as a whole. Elevation linking survey
was carried out viadirect levelling (3rd order levels) in atotal of 51 control pomts (4in Phase
11, 23 in Phase 111, and 24 in Phase 1V), :
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Symmetry table of ID.NO.NAME

Table 1 Symmetry table of ID. No. Name

R |iID | ® R AHE b ([D 1| H NAHE bk (1D fh N AHE
1]EPI8| 303 | GUILSIIAN 51| NPL8 | 3469 | HUNSIIGANJ 101 | NP36 { 1477 | JAGAIBER
2 | TPI0 | 2200 | HMKIIAK 52 | £PLG | 3479 | DAUDKAND! 1102 | kP20 | 1126 | RANSIHA
3| (P14 | 3398 | SAVAR 53{NPIS | 242 | N. KASIIADAIIA - 103 | NP22 | 1180 | N1 PIAHARL
4 | NPIS | 3442 | PALAS 54 | NPHY | 2019 1 BANL 104 | NP37 | 1495 | CIANDRAPUR
5 | NP6 | 2110 | HIRZAPUR 55 | NPK8 | 2903 | SORPACIIA 105 | NPOA | 288 | GOIBAR] -
6| FPL1 | 3327 | GAZIKIALI 56 | P12 | 3344 | BRAJIHANGACH 106 | NP4 | 1558 | HAIIENDRANAGAR
7INPF1E 131 | GOFFARGAOR 57 | HPL3 | 3354 | BIAGYAKUL 107 | NPA3 | 1649 | KURIGRAH
8 | NP1 12227 | AIIIARABARI 53 | NPHA | 199 | BIAIURIA 108 | NPA6 | 1685 | HADARGANJ
9 | NPI4 | 2291 | KISIIORGANJ 59 | NPG4 | 2876 | BABUPUR 109 | HPO6 | 350 | KASIDAH.
10 | P15 | 2300 | KATTAD " 60 | NPKQ | 2615 | SABDARPUR 4110 | NPA4 | 1658 | NARSINGBANS
111 FPF2 | 181 | KALL KACIHCHA 611 NPK1 | 2624 | JIBANNAGAR 111 |-NP45 | 1668 | KANCIHIPARA
12.| NPHO | 3533 | NABINAGAR 62 | EPK2 | 2661 | PIPRAGACHE 112 | NPAT | 1695 | RAIMARL
$3 | NPHO | 2181 | SRIPUR 63 | EPKD | 2694 | NALDANGA . 113 | NPG7 | 1713 | DIGRIRCIIAR
14 | KP13 | 2281 | TARALL 64 | NPK7 | 2867 | BIIABANIPUR -~ 114 | NPGS | 1722 { BAKSIIIGONJ
15 { NP6 | 2308 | BAJITPUR 65 | NPKA | 2759 | MAGURA 115 | RPI2 | 2037 | IALUAGHAT -
16 | NPIT7 | 2317 | BELABA 66 | NPKG | 2849 | NOHAIA . 116 | NPG2 | 456 | POLR BARL
17 [NPGT{ 395 | BANIACIING 57 | NPK9 | 2930 | BANAHALIPUR 117 | EPGS | 1992 | POLISA
18 | NPJO | 2381 | KAHDARPUR 68 | NPLO | 2957 | BANIARL - 118 | NPII3 | 2064 | NOKIA
19 | NPJ2 | 2427 | DINAL 69 | NPO3 | 280 | GRAGONJ 119 | NPH4 | 2073 | ARANKIOLA
20 | PJG | 2481 | NABIGARJ 70 | £P50 | 1821 | PABNA 120 | EPIT7 | 2127 | RUPCHANDPUR
21 | NP12 | 2272 | ATPARA 71 [ NP8 | 2597 | KALIDASPUR 121 { £PM18 | 2145 | PHILBARIA
22 | NPF6} 2671 JARIA 72 1NPO7 § 355 | CIATMONAR 122 | NPG3 | 481 | ICIAPUR
23 | NP3 | 2337 | BALIJURL 73 | EPA9 | 1803) LALPUR . 123 | NPHO | 2010 § BELIA
24 | NPFG | 343 | SUNAMGONJ 74 | NP35 | 1168 { BHERAHARA 124 | NPHS | 2091 | KACIIUA
25 | NP19 | 2373 | KANDIGAON .75 | NPS7 | 2561 | BARADI 125 | NP59 | 2722 | SAIBARIA
26 | NPJA | 2454 | GOBINDAGONJ 76 | LPOY | 333 | KAKONIIAT - 126 § NPGO | 2795 | KASINALIIPUR
27 | WPJS | 2471 | GEAIPUR JULEP3T | 1369 | PABA . 127 | NPKS | 2813 { RAHDIA
28 | NPTT {205 | PAKIBAR T1LA 78 {WP13 | 1776 | DIGIIAPALIA 128 [ NPOB | 380 | DUPCIIANCILIA
29 | NPH7 | A317 | HOKTEMA 79 | NPhZ | 1857 | IARAS 129 R 1 F 1830 | BOGRA
30 | NPHS | 4334 | JURI 80 | NPLG | 1956 | SAIBARIA. 130 [ P32 11387 | SANIAHAR
31 | NPHI [1344 | 1IAIARGAS 81| NP33 [ 1406 | BAGHAIA F3TLNP1A | 1911 | DIANGORA -
32 | NPGO | 369 | AGRABAD - 821 LP3A 114331 ARANT - 132 P48 | 1759 ] RANBAGIA
33 1 NPJ9 {2525 | LAURAGA TILA 23 I NP27 [ 1279 | ROUANPUR . 133 | HP39°| 1549 | JOYPURIAIL
34 |NPI3 ] 193 [ DUPTIILA 84 | NP28 | 1298 | CIIAPAINA WABGARJ | 1341 NPA2 | 1612 | GIBINDAGANJ
35 | NPJ8 | 2507 | BARUINL TILA -85 | £P30°] 1333 | PARBATIPURADA - | 135 | NPS3 | 1834 SHARIARANDT
36 | NPNO | 4352 § KIARACHARA 86 | NPU9 | 388 | DINAJPUR 136 [ KP38 | 1504 | RANACHANDI
37 {NPJ3 | 2435 { IABIGANJ 87 {NP10.;. 430 { NLIPUR 137 | NP23 | 1190 | SALDPUR
38 | EPJT | 2498 | CHUNARUGHIAT 88 | P25 | 1234 | DIAHUIRIAT - 38 | NP41 | 1985 | HITHAPUKUR
39 | NPJ1 | 2400 { HI[AMALN 89 | NP11 | 1522 | HAWABGANS - - 139 | NP12 | 1568 | KOBARU
40 I NPGS | 3891 | HIRPUR 90 | P24 | 1217 | BAJLTPUR 110 | NP54 | 1902 | KAZIPUR .
47| NPGE | 3908 § CHILLA 91 | NP26 | 1252 | BIIGLAIAT 1471 WP55 | 1921 | SIRAJGARY
42 | EPMZ | 3899 | JAFARGANJ 92 | EP29 | 1325 | MOIADEBPUR - ; :
A3} NPM6 | 3980 | FUi GAZI 93 1 EPO1{ 117 { LOVAGARA
AA | NPT | 3882 | AKIAURA 94 | P15 1 1009 | 11IALYA -
A5 | EPH3 | 3926 | | AKSAH 95 | NP16 | 1055 | BOALMARI
“AG | NPHA | 3953 | HOIABI 96 | NP17 (1072 | SONAIIAR
AT | NPMS | 3972 | CIIAUDDAGRAH 97 | EP19 | 1109 | HARIPUR -
A8 | ISH1]1SK1 | TIDAL SiA. 98 | NP21 | 1144 | HUKANDAPUR <.
A9 | NPLS | 3407 | SCRAJDIKIAN 59 | WPOZ | 231 | CAPARI
50 | NPLT | 3452 | GOPALBL - - 1 100 {'NP18 | 1099 | BALAPARA
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- GPS ADJUSTMENT NETWORK

o ~ Figure 14 GPS adjustment network



3y GPS observation

The plan for observation of the control point network was implemented via the GPS
interference positioning method on the basis of control point surveying network maps. -
Several GPS receivers (between 6 and 13) occupied to each observation point at the same -
time, and satellite signals were received from at least four satellites simultaneously.

We set astandard of 3 hours as the time needed for each session of observations and achieved

arelative accuracy of at feast 1/100,000. We maintained elevation angle of at least 15° forthe
space above the antenna centre.

We carried ount clevation linking survey via direct levéllirxg from the lleveliing route
(discrepancy of double ruaning x1 OmmvS {S:km)). (See Figure 15 and Table 2)

(Session: observations carried out continuously in segments of acquisition of fixed amounts
of data, using several receivers simultaneously) '

(i) Characteristics of GPS receivers:

Reception band Characteristics Remarks -

L1, L2 {dual 1réquency) £{5mm +1x 10 x D} D distance Trimble 4000 SSE

(ii} Units of observation

~ltem ~ - Unit : 'Heading_'
Base line vector : m . ' 0001
Antenna heighi m ) 0.01

(ii1) Standard observation time etc.

item_ o 'Standard_tjrh.ejstandard. Qalue |
Number of sassiohs ' 2 _
Interval between sessions - At least & hours
Observation time per session . At least 3 hoh‘ré o
Data collection rate _ B 15 secon'ds o
Descrepancy between sessions _ Dislancé:_-.SOmm _H'fe"ig'.hl: 50mm
Simultaneous observation per session At least two stalion
Satellite allitude At.!east 15°,
Number of satellites received At least 4



-(iv) Total number of control points

Category - |.. Control point surveying

‘Average distance o E 30 km
Total number of control points 141
Brake down: '

Geodetic datum 1

Tidal observation station 1

Type A 26

Type B : © 88

Existing points . 24

(v) Equipinent used for surveying

Category Control point surveying Number
GPS receivers Trimble 4000 SSE 13
.Antenna boles Denki Kogyo PA-7-60 . 13
Computers Toshiba J3100GT-XD 4
Handy GPS Sony Pyxis 15

(vi}) Checks of observed values

The observed values were checked by referring to the length of the closure vector (ds).
The permissible range was ds < 1.5ppm x 2.D, where Y.D : route length.

The locally computed results yielded good reproducibility and were within the permissi-
ble range.

“(vii) Formation of Observation Teams for Control Point Survey

The formation of observation teams for the control point survey was made by taking into
consideration accuracy, safety and technology transfer,

A Japanese engineer was assigned to the handling of a GPS receiver as it requires
‘experience in handling or operating the equipment. A locally hired assistant was procured
from a local surveying company. Also, locally hired attendants were placed to check
crowds of onlookers when necessary.

The 12 observation teams were formed in the observation work conducted in the second

year and third year. Each team was assigned with the SOB counterparts who were
respons1ble for negotlatmg w1th local people and lodging.

7 —



The GPS observation at the standard datum of geographical coordinates was conducted

under the leadership of the chief engineer, who was also responsible for the observation

work at the control points and the headquarters staffs assisted him. Also, in the Jatter part '
of the third year study the SOB counterparts participated in the GPS observation with the

intention of knowing base-line analyses or technology transfer.

A schematic diagram of Work Assignment is givcn in Fig. 16.

— 7%~



Geodetic Control Network in Bangladesh
&\ Geoidal Undulation Control GPS Stations
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Table 2 Orthometric Height of GPS stations

GPS swation | Height | GPS station | Height
17 54. 6dd g2t | 13.8213
181 6. 824 1992 | 14.401
199 5. 141 2037 | -13.1614
242 8. 6924 2110 | . 9.4878
280 10. 558 2121 | 123447
288 - | 32.900 2000 | 12.7642
303 3.5344 | 2221 | 86030
343 3.9698 | 2291 | 9.7681
369 24,975 2300 - | 9.5180
388 36. 0160 9317 | 1.597
481 | 112468 2454 | - 10.1201
1211 | 320478 | 2498 | 15.6964
1298 | 2u.606 | 2525 | 13.059
1369 | 17.1686 | 2694 | 1.834
1387 s | o215 | 6.5398
e | wsus |20 | 7,557
1549 20.3131.| 3327 - | 8.6679
1568 35. 160 1398 | 10.0411
1585 | 28747 | 3442 7.901
1612 | 20,8514 | 3479 | 5276
1713 2115 | 3891 1.5678 |
1722 20958 | 3% | 1.8552 |
1759 135711 | 3908 9.776 |
16 | dadgad |92 | 8832 |
1830 18.7859 | 4317 18.737 |
T N | 5.3155' o

» Note that the above heights represent the height above sea Ievel of the GPS statlons
mdmated as mesured usmg the diréct IeveEImg method



Figuer 16 A schematic diagram of local workforce assignment
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2-4-2 Cofnptjtations of datum stations of geographic coordinates

1) Results of geodetic Suryey of Bangladesh

Results of WGS-84

Determine the position
of Dhaka (303) within the
global geodetic frame

Results of Everest {1830) W

Determine mearn sea level
{arithmetic mean)

(WGS-84)

\

Calculate 3-dimensicnal free
salution which fits most
closely given 18 points

1

Determine orthometric height .
of TBM' :

Evaluate Dhaka datum
value (303)

One poirit (303) fixing -
solution net adjustment
(WGS-84)

|

Tfansid’rmation to ellipsoidal
coordinates (B, L, H)

}

Determine orthometric height
of vertical datum station

List of reéults
XY, Z
B, L, ellipsoiddal height’

Determine héight of each
BMS by leveling network
adjustment

2

Determine vaiue of horizontal

datum station .

Ouiput results

Determine transformation
parameters between Everest
{1930) and WGS-84.in Dhaka

datum slq!ion (303_)

generate geoid undulation map
Determine high of GPS stations

Plot each GPS station in
terms of Everest rectangular
coordinates (X, Y, Z)

Convert to easrest
coordinates (B, L, H)

Calculate height of ail GPS
stations. .-

Result table of Everest
{1830) :
B, L, OH, EH, GH’

=80 —
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2) Background of the determination of values for the standard geographic coordinates

Geographical coordinate of horizontal datum station (303) in Dhahc serve as the standards
for the creation of the Bangladesh geodetic network, and this coordinate serve to define the
origin from which the position of all GPS control points (i.e., latitude and longitude) are
determined.

With aview towards allowing the results of the current geodetic survey to be used in the future,
continuous GPS observations were made at the horizontal datum station (303), to determine
the exact position in the world geodetic frame using high-precision global geodetic system
set in accordance with the IGS almanac.

thc that separate result_s of control pointé were calculated for WGS-84 and Everest (1830).
(1) IGS observation system

Created with the objective of providing GPS data to researchers in all parts of the world

‘based on a framework of cooperation between related research organizations throughout
the world as to promote research in geodesics and geophysics, the International GPS
Service for Geodynamics is an organization which was formed in 1991 as a result of a
proposal made by the International Association of Geodesy, and after conducted a
worldwide GPS campaign and offering a range of pilot services, the IGS began regular
operations on January 1, 1994.

The main work performed by the IGS is as shown below:

A. To construct a GPS satellite tracking network throughout the world and to use this
network to perform continuous observations.

B. Tocentrally maintain data from observations at its data centers and to provide this data
to interested researchers.

C. To use this observation data to produce analysis data such as high-precision orbital

data (precision ephemeris), data on the earth’s rotation, and data on movements in the
earth’s crust, and to provide this data to users in the earth sciences.

— 815%.



' 1GS Organizational Chart

IGS Operating Committee

1GS Secretariat

Jet Propuiston Laboratories

f

Global data center (3)

CDDIS: within America's NASS

IGN:
Institute

SO Seripps Cceanographic

Institute

- French Geographical

Analysis centers (7)

-GPS continuous observation

station {52 observation station
located throughout the world)

CcOoD:
EMR:

ESA:
GFZ:

JPL:
NGS:

SIC:

Bern University
Canadian Energy and
Resource Administration
European Space Agency
German Geophysics -
Instituie

Jet Propulsion Laboratories
US National ’
Geodetic Survey

Scripps Oceanographic
Institute ‘

TSKB: Tsukuba Obser\_ration

Station

USUD: ‘Usuda Observation

Station
MCMU: Antarctic McMod Base
TAIW: . Taipei
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(2) Values of geographical coordinates using the ITRF (92) system

The horizontal datum for Dhaka (303) were calculated on an ellipsoid using the IERS
Terrestrial Reference Frame (92).

GPS observations were made from Dhaka horizontal datum station through a series of
continuous observations performed at 30-second data collection rate over a seven-day
period from September 17-23, 1994,

The four IGS monitoring stations at Tsukuba (Japan), Wettzell (Germany), Yaragadee
(Australia), and Hartebeesthoek (South Africa) were used to perform abase-line analysis.
(See Figure 17)

The GAMIT baseline analysis program, a comprehensive GPS analysis software devel-
- oped by the Massachusetts Institute of Technology and University of California, and the
GLOBK network adjustment program, a GPS network adjustment software developed by
the Massachusetts Institute of Technology, University of California, and Harvard Umver—
sxty, were used to perform computrone and analyses '

The computation of network adjustment were performed using the daily 3-dimensional
coordinates obtained using the above baseline analysis, with the four IGS stations noted -
above used as fixed points from which to determine the final positions.

The data used in performing baseline analyses were taken from 2,000 epochs (approii-- .
mately 17 hours worth) of data deemed tobe reliable and the IGS ephemende was used ,
to perform computations. : ‘

The precision of coordinates obtained using network adjustment is estimated to be +0.191 -
meters along the X-axis, £0.304 meters along the Y-axis, and +0.165 meters along the '

Z-ax1s

Note that calculations and analyses were performed by the Geodetic Departient of the
Geographlcal Survey Institute of the Mlmstry of Constructlon

(3) Values of control points obtained usmg WGS 84 system

Coordmates of honzontal datum station (B, L, H) determined within the ITRF(92) system - |

were fixed, and 141 positions were calculated as (B,L, H, X, Y, Z) WGS-34 systemresu]ts .
usmg 3-dimensional network adjustment. -

Paramet_ers of WGS-84 and Dhaka (3_03)- Coordin_ate'

Semi-major axis | 6378187.000 m . Coordinale on WGS-84 -
Semiminoraxis - | 6356762.314m - | . latitde B’ | 234752702714
Flattening (inverse) 298.057228563 . | = Longtudel |  90°24'56"34024

=83 —
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Figure 17 Computation of network adjustment using 4 IGS monitor stations
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(4) Results of Computations of absolute position on WGS-84 ellipsoid

 DETERMINATION OF ABSOLUTE POSITION OF DHAKA(303) STATION ON WGS-84 ELLIPSCID
In GPS Tracking network of the International GPS Service for Geodynamics
GLOBK Ver 3.1 Global Solution

RRETRE R

0
0
)
i
SEE AR wuorf SRS F RS A ot R covar
ere were paramefers es : .

ere were a 10n. radio sources and 25 satellites

Parameter Estimates From BLOBK Vers 3.1

- \ a _ Adju nt S
AKA ¢oorgdinate (m . . : .
AKA coordinate (m
AKA coordinate (m - i
AXA coordinate fm -
RER R T :

i A - . V. .

é QU jpos1%10n correTatlon- . ' . . T

GLOBX:BASELINE LENGTH

FUILTIE B

“WTZ! Wettzel(Gersmany) L ' TSKB Tsukuba(Japan)

787,514.1944
~ (m) 807,509.9497(m)

AKA GﬁlShaq(Bangladesh)

043,281.7942(n) 156,929.2186(n)

_ YARI Yaraga ae(Australia)
" BART Hartebeesthoek(S.Africa) '
GPS Universal ggggut3% 8n15§2g{gn$W1thout Geoid Hodel)

Dhaka Gulshan(303) . IERS-82 . WGS-84 estination

atitud 58 QZ .: 3 accuracy

Tg goaa eig E. e L -45. o,
E&Eggéiaaz%‘f*“ﬁi.i . AN et
o Everest 1830(Ka11anpur Datum) - WGS-84  Difference

= @8 s 68 53 E% Wi i
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(5) Values obtained using Everest (1830) system

In order to ensure that the values for the Everest (1830) system were as close as possible
to the currently existing 19 control points, these values were determined using 3-dimen-
sional free net averaging.

In consideration of the facts that existing maps and the results of prior surveys will
continue o be used in Bangladesh for some time, 3-dimensional free net averaging was
used to study and verify existing results from prior geodesic surveys, and then old and
preliminary origin points were modified to a degree deemed necessary to prevent them
from presenting problems in actual use, and these modified values were then used to
determine the valtues of the origin.

Parameter of Everest 1830 and Coordinate of Dhaka (303)

: -Sehni-major axis 8377276.345 m | " Coordinate (E\(erest 1i_830) H=8.534
" Semi-minor axis - 6356075.413m Latitude B . 23°47'49°4850
Flattening (inverse) 300.801700000 Longitude L $0°25'06"6527

The survey results currently being published by the Bangladesh government make use of
surveys performed in the 19th and 20th centuries. This results were based on Kalianpur
in India as the origin and surveyed approximately 1,300 kilometers apart from the origin
using triangulation chain method. '

The existing triangulation points scattered throughout Bangladesh were set using tradi-
tional surveying methods, and for this reason their relative positions are lacking in
precision. To evaluation the reliability of these survey results, the following computation
were performed. o o

A. 3-dimensionéxl network adjustmént witﬁ dne_ point (303) fixing (See Figure 18) '

B. 3-dimensional network adjustment with all 19 existing triangulation points (See
Figure 19) S ' R

C. This was then checked using 3-dimensional network adjusting IW_igh 11 triangulation
points regecting 8 points with extreme vector descrepanciés. (See Figure 20)

D. With 'fés'péct to the determination of the values for thé'hot‘i'zbr)_t'a'l‘_ datum (303),
discussion were held with the Survey of Bangladesh and the JICA Study Team, and -
decided the 19 existing triangulation points solution in (B), 3-dimensional network

adjustment was performed and the results of this computation were then used as the
values for the national Horizontal Datum.. c ' R

E. The transformation constants used to convert between WGS-84 and__Evérest (1830)at
the Horizontal Datum are as follows: ' o '

AX =-283.729 m AY =-735.942 m © AZ=-261.143m

Using these parameters, the Everest (1830) results were computed. (Table 3)



F. The relative position of the geodetic Datum (in horizontal and vertical terms) was then
surveyed. (See Figure21)

Final values of Horizontal Datum of Bangladesh

Name GULSHAN

Number - 303

Latitude 23°47'49.48502"N
L.ongitude . 90°25'6.55270°E

Height above sea leve 8.5344m _
Location of measured point Gulshan Tank Park, DHAKA
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1 Point Fixing(Gulshan303)Solution

- /\_Everest 1830 coordinates

N <. oy (303) B=23 47 49,5400 ;
e N, .L\ L=0 75 08, 4800 |
53 26,(@' _\“\; \\ . by 3-D Network Adjustment
1199 :

e

e Station established by SOI
O Station established by SOP,SOB
- ® Fixed Point ' '

9 okm Vector Length: z .

Figure 18 1 point fixing (Gulsh'an 303) solution (-) everest 1830 ¢oordinatés_
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89 92
Free Network Adjustment with |
19 existing stations

)

- Everest 1830 coordinates

)
-1
\‘ \ by 3-D Free Network Adjustment

R 4

@ AT \ oh  Station established by SOI
R A A IR o Station mabbsnedbysopson'

Vc_ctor Length. |
Q 5 Km .
Flgure 19 Free network adjustment with 19 existing statlons (-) everest 1830
_ coordlnates _
R o . L . b
89 o D 9z -
s 88 — . ’ . : :



: 82 . ' . 92
|Free Network Adjustment with
11 existing stations

A | )
-'}\\1 . Everest 1830 coordinates
(.mr E SR \\ ‘5‘\ . by 3..1) Free Network Adjustment
26 . ' -~ : '

: S o Station established: by SO, SOB

|

? - | P rm ~ Vector Lcngth
F:gure 20 Free network adjustment with 11 exlstmg stataons (-) everest 1830
coordmates o _
| . o R ]
ag o : 92
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Table 3 Parameters for converting between WGS-84 and Everest (1830)

TRANSFORMATION CONSTANT
( ¥G6S-84 —> EVEREST-1830 )

[ 303 GULSHAN |

( BANGLADESH Origin of Longitude and Latitude )

WGS-—-84

EVEREST-1830

CONSTANT

= — 492 358, 282
= 5 838 825. 444

= 2 557 788, 698

m

~ 42 642. 018
5 838 090. 537

2 557 528. 011

m

AX=-283. 736
AY==734, 907

AZ=—260. 687

91—

(1995)




* Relation Plan of Origin Point

B H=6.5662
i=6. 5647 ;

539 15 Dl.ane
f=6. 4292

Figure 21 Diagram showing relative pdsitiohs of origin p_oirits
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G. 3-dimensional free net adjustment (Hermart’s Transformation)

If the X, Y, and Z axes and the degree of rotation are assumed to be represent the
amount of movement of the origin points K, ¢, and o as represented by ty, ty, and i,
then the 3-dimensional Hermart’s ransformation may be expressed as follows:

Xl XD tx
[ Yl]:RwR_QSRfc [Yu] + [ ty']
Zt ZD t-z

1 0 0
Rw= 0 COSw -sinw ]
- 0 sinw CoSwW
o r cosg - 0 sing
R¢= 0 1 o ]
~ -sing O cos @
o cosk  -sink 0
Rx=| sinck COS K 0 ]
. 0 .0 1

C (1)

~ The minimization of the sum of the squares of the residual left after the 3-dimensional
Hermart’s transformation in the computation of the 3-dimensional free net adjustment
- may be computed by taking the coordinates of each position as determined using the
single point fixing net adjustment computation to be Po; (Xg;, Yoi Zoi) and then
calculating the amounts by which the origin points have moved as represented by tx,
ty, and tz together with those values for the 3-dimensional degree of rotation as
represented by x, ¢, and w for which the sum of the squares of the distances between
point Py; as calculated using the conversion in (1) and point P; for the existing point

or pOlIltS

X
[Yx
Z 4

X o
Y oou

]'—{RwR¢Rx{Z“

J+ |

H. Evaluation of old results

t
t "3 minimum _
t

I}

S

The vectors of the differences between the old and new results show a tendency to
group together in blocks A, B, C, D, and E. If the positions of the old points are taken
as controls for the new points, then the vectors of the new points are as follows: -

Block A 4 meters westward

Block B- 3-6 meters north

Block C 1 meter or less

Block D 2-4 meters east

Block E 3 meters north by northwest

" The cauée for this is believed to lie in the fact that the former surveying framework -
. (triangulation chain) was constructed using traditional surveying methods in surveys
implemented over the period from the 19th to thc 20th century. (See Figure 22)
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Comparison of old and new results using existing control points

" Block L ‘New results Oldresuts | N—O {N—0O /N
Ascocx] 10 9 ~Buiocx3 33 | 150,387,716 | 94.747 | -7.%31) 1/ 20,000
A 1109~C 19082 | 224,980.42 | 78.39 2.03 | 1/110,000
A 1109~D 3926 | 417,100.44 | 95.92 4.52 1/ 92,000
A 1109~E 2661 | 327,158.91 63.13 -4.22 1/ 78,000
A 117~A 1108 33,033.52 32.66 0.86 1/ 38,000
B 333~B 1821 94,522.06 17.41 4.65 1/ 20,060
C 1992~C 2127 56,442.74 |  2.28 0.46 1/122,000
D 303~D 38989 69,606.52 | .5.08 | 1.44 1/ 48,000
E 2694~E 2661 | 54,268.12 9.78 | -1.61 | 1/ 34,000

The relative accuracy of the positions of existing control points within Bangladésh
come to 1/75,000 between blocks and 1/52,000 within single blocks.

The average overall accuracy falls somewhere bethén 1/5_(_),000 and 1/60,000.

~ 9 —




as 92

Grooping by Trend

/-\ (New coordinate minus Old coordinétes)
TN\ | |
' \\ N 1 New coordinate:3D Free Netwark solution
: Y : with 19 existing control
' *
8 '(-” --\._, }‘ \ Oid coordinate:SOB coodinates(Everest1830)

0 :Trig.station established by SOP,S

LIRS ,:Tﬁg_mﬁo,,mmw?@

' ) [ . Sa
- yector : | N \ L ; i

Figure 22 Grodping by trend (New coordinate minus Old coordinates)
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I. Determining the values of standard geographical coordinates

Geographical coordinates may be uniquely represented by giving the latitude and
longitude of these coordinates as represented upon the ellipsoid defined by the surface
- of the earth, and once corrected for any errors, the origins of these geographical
coordinates may be used as astandard for use in surveying the land of Bangladesh, and
they may then be used as the starting points from which to determine the position (in
terms of latitude and longitude) of the control points scattered throughout the country. -

1) Value for origin points of old results, Everest 1830 (using Kalianpur, India geodetic system
Latitude B =23 4749.54
Longitude L = 90 25 06.48 -
calculated using the triangulation method using theodolites
2) Values for origin points in the WGS-84 system using GPS
Latitude B =234752.02714
Longitude L =90 25 56.34024
Ellipsoidal height  h=-45.44%4 Estimated accuracy
: _ X =-42,358.2817 10.191
Y =5,838,825.4441 10,304
Z = 2,447,788.6983 +0.165
IGS (net, ephemerisis) computatioﬁs using GPS
3) Value for datum point of new results, Everest 1830 (using Dhaka, Bangladesh geodetic

Latitude B =23 47 49.48502 N
‘Longitude L = 9025 06.55270 E

Background behind the determination of the values
of standard geographical coordinates

system)

3-dimension free net adjustment was used to determine the datum station in relation to the
19 existing control points. :

Transformation between WGS-84 and Everest (1830) coordinate systems

Transformation formula

S Xs AXo Yy (X4 ¢ -283.736m X
f IY_B_ = AYe |+ [YA = [ -734.907m ]*}- [Ya
Zs g L\ -260.687m 7 \Z.

VA-Zo 7 a

e






2-4-3 GPS survey computations

1) Verification of strength of surveying network

X X . :
If one considers the case where point P is
: - calculated using given points A, B, and C,
S A then the observation equation to be used
é when these three points have been meas-
’ ured are as follows:
S vi=aix+thbiy—-1,
: Vz:az}("'_bzy—].z-
@ 2 . vi=aiXx+tbsy-—1;
S where a; and b; are
P& —————AB 0
l(.X, y) ¢3 . ai= — Sin¢[
v S
_ 0
S bi= ~ ecos d;
C S i '

and where the degree of error of point P is calculated as
{faal+ [bbl)
- | o

m =
D

where Discalculatedas D= [aa)] [bb]l ~[ab]l?

Note that the numerator and denominator of Q,, are calculated as follows

{([aa'.1+[b.b1)}

Q=
D
1 i 1
{aal] +{bb] =p% (— + — +-—)
. _ 5%, S, S 3y
D=(é.._b:—a:b.) t+ (atbai=aaib) 4+ {a:ba=-asb.) ?
_ sin®(g.—¢1) sin® (ds—¢) sin’® (gs—¢a2)
= p'{ . -+ : + }
S* « 5% S« 8% S*: - 8%

The above equation shows that the size of the i mtcnor angle and the length of the sides affect
the value of Qp in a complex manner.

In this exarnple, if we assume that S1= Sz S3 and if we assume that by~ P1 =3~y =60°
(i.e., if we assume equilateral triangles),

furthermore, if we assume that Qp=1 338%p? and if we assume both that S; = S, = 83 and
that ¢ — ¢y = 93 ~ ¢y = 20°, then

Qp =4.64 8%p?, thus allowing us to see the strength of the triangular and thereby proving -
that an equilateral triangle is best suited for use in these computation. (See Flgure 23)
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Then, in the selection of points, an effort was made to select these points so that they would
comprise a set of points describing equilateral triangles, and in consideration of the fact that
the size of Q, as noted above, would be subject to complex influences, with respect to the
surveying network as a whole, a net adjustment computation was performed using free net
releasing before performing GPS observations, and the value of Q was calculated so as to
perform an overall evaluation of the strength of the network.

As a result of this evaluation, the square root of Q was found to lie somewhere in a range
botween 0.09 x 10-0t0 0.12 x 1075, thus enabling us to conclude that the network was a good
one. Note, however, that the TSN-1 GPS station for the standard tidal observation station set
for use in determining the position and of the height above sea level was not used in
computation of Q. (See Figure 23)

The observation network of control points was formed in consideration of the geometrical
strength of its design and in accordance with an observation network designed for use with
the trilatration survey method. Coordinates of the geodetic coordinates were computer in
accordance with observations by using 3-dimensional net adjustment. '

Figure 23 Graph of square root of Q
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2) GPS bascline analysis

A total of 756 baselines determined from observations made over the period from November
1992 to February 1993 and over the period from November 1993 to January 1994 were
subjected to analysis using baseline analysis software from Trimble Incorporated of the
U.S.A.

(1) Baseline analysis

Personal computers used 3 Toshiba J-3100 GT/XD computers
CPU: Intel 80486/33M
Main memory: 8MB
Disk capacity: 200 MB
Operating system: MS-DOS Ver, 3.T3

Software Trimvec Verslion 92.030MBP

Orbital data . ' Broadcast ephemerisis

Ellipsoid _ WGS-84

Carrier waves used L1M

Baseling analysis method | MBP-Single

- (2) Analysis procedure

A) On~site ‘preliminary analysis -

The value of the control station (1 17) required as starting pomts for the analyszs were
computed using single point ﬁxmg

At the survey headquarters in'Dhaka, the latitudes, long1tudes and heights of thls
points (117) with respect to the ellipsoid were used as a standard by which to perform

* baseline analyses during the phase I (60 pomts) and the phase 111 (81 points) of the
survey.

B) Using the data from observations performed over three-hour periods over a five-day
period (for a total of 5 observation periods) in February of 1993 and January of 1993,
the IGS point at Tsukuba, Japan was used as the known point from which to compute
the latitude, longitude and height above ellipsoid (WGS-84) of the Dhaka datum point
(303). This origin point was then used as a starting point from which to perform a
baseline analysis, and further baseline analyses were performed in sequence starting
from this point. (See Table 4)
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Table 4 Baseline analysis between Tsukuba and Dhaka

AN —7s
R e YN
Tromso
Kiruna*
> :
Metsahovl
Kootwifk
Herstmonceux Jﬂz‘e‘}'oslav'\;
l Brussels ‘W ottze
e inﬂnennm
Madrld 4 \}Malera
ukuba
ﬁ DHAXA(303) 0
aspalomas . rapel
I D

%0rbit Infomation

e RS R AR WEEN
FECHTREBE  RNSE AR
* Adj. Software -

YAVE 1.19b

Broadgast Ephemeris

*Ellipsoid ¥G584
LATITUDE | N
LINE | DATE LONG! TUDE SLOPE DISTANCE | & 55 |RAE
B ELLIP, HET, (Std. Dev)
. o r L m )
GSIO5 | 11JANS3 | 23 47 52.0423N| 4807514.708 | 0.0007 | 0. 00000049
—~303 | 90.24 56.2951E| _ £0.0237 | 0. 00056169
~ ~ 45, 691m (0.004) | 0.720 }0.5184
63105 | 12JAN93 23 47 52.0512N | 4807515276 |0, 0082 | 0, 0006724
—~303 .| 90 24 56.2504€ - 0.0120 | 0. 00014400
- 46.083m - 0.003) | 1082 | 1. 182464
65105 | 13JAN93 |23 47 52.0438N | 4807515438 [-0.0008 | 0, 00000064
-303 90 24 56. 2684E 0. 0030 | 0. 00000900
~ 45.336m (0.004) | 0.365 | 0.133225
GSIO0 | 03FEBQ4 | 23 47 52,0376N | 4807519.559 | 0.0054 | 0.00002916
~303 90 24 56. 2693E 6, 0021 | 0. 00000441
| - 44,296m (0.004) 0. 675 | 0. 455625
GS100 | 04FEBO4 | 23 47 52.0403N | 4807519, 941 | 0.0027 | 0.00006729
303 | 90 24 56. 2646E - | 0.0068 | 0. 00004524
- 43.471m (0. 005) (-1.500 | 2.25
AVERAGE | 23 47 52, 0430N | | ne= 0, 0023*
90 24 56.2714E| KE= 000627 -
s 449Tm | E=&ﬁ?4
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C) Procedure used in performing analysis

Download data

Start up analysis program

!

Specify processing method: stationary/kinematic, autormatic/manual

}

Entar dataOOuip'ut results Specify directory

s

Specify analys;s mode: “single basehnelmumple basellnes
Specify analysis vectors: .names of fixed ponntfnames ol new paints

1

Enter data from observatlon points: coordinates/approximate coordinates,
~ height.of antennas, meteorological data

!

Specify block of data used: - hhimm-—hh:mm
Specify epoch intervals: 15/30/45/... seconds

I

Specity other parameters used in computation- '
Specify other parameters used to control format of dtsplay and outpul

Bagin computation

}

Perform c_omputatibn while displaying intermediate results «

}

Terminate computation and ouiput results - '
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D) Results of baseline calculations -

The error of closure between sessions in which different GPS networks are used fell
within a range of 2 x 107 t0 0.5 x 107, thus enabling us to obtain a baseline accuracy
far better than specified tolerance limited 1/100,000. :

The errors of closure resulting from a rotation of the perimeter of the GPS network are
as follows:

Session Distance Relative height DX Dy Dz DS Accuracy
: error
: m m m m m m :
First session 1,795,394.237 -0.316 -0.175 | -0.312 -0.078 0.366 | 0.20 ppm
Second session | 1,735,394.213 -0.018 -0.008 | 0;003 -0.052 0.053 | 0.03 ppm
Descrepancy 0.024 -0.298

The relationship between the. number of baselines and RMS in baseline z_malysis is
shown in Figure 24." Note that the percentage of baselines falling within a range of
0.015 to 0.030 meters with respect to the total number of baselines was 85 percent.

Since these baselines have an average length of 30 kilometers, the precision of the
baseline analysis is approximately 1/1,000,000.

The percentage of invalid data amongst the data used in baseline analyses is shown in
-Figure 24. ' ' '
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: Number of baseline

R.M.S Diagram of baseline analysis
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Figure 24 Baseline analysis (percentage of in_vélid RMS_ data)
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2-4-4 GPS 3-dimensiona_l adjustment computations
NEC ACOS-610 and Toshiba J3100GT-JX computers were used to perform analysis compu-
tations associated with control points and to create output of the results with the following
computations being performed.
1) Ellipsoid transformation

(1) Parameters of ellipsoid

A‘)' Values used in Everest (Everest 1830)
~ Bemi-major axis a.= 6377276.345m

Fiattening . fe= 1/300.801700000
B) Values used in GPS (WGS-84)

Semi-major axis 8 w= 6378137& g

Flattening .= 1/298.257223563

(2) Transformation to 3-dimensional rectangular coordinate system using values for latitude,
fongitude, and height
X= (N+H) as¢ - as A
Y= (N+H) asd - snA
Z={N (1l—-e?) +H} sng
N=a/J/1—e® @@

. radius of curvature of latitudina! lines (paraliel)

=f (2—-1)
where R
- @ o latilude
“H : height above eflipsoid .
a : semi-major axis
f : flétieﬁing -
P longitude
N
e

: primary eccentncuty
(3) Transformatlon from 3-dimensional rectangular coordinates to latitudinal, longitudinal,
and he;ght coordmates
' g =m ' {2/ (P—e?  Niirasgi-i) ) (calculated iteratively)
CA=mT (Y/X) . |
”pr/m¢ N
P=/X*+Y?
Nici=a,/f 1l—-e’-sn®¢i-1.
. where the condition of convergence for ois: | ¢ = GS 12107 vy

where ¢ represents the ith value of ¢
and where ¢0 is tan! (ZJP)

RS (/A



(4) Transformation of coordinates

The following formula may be used to convert WGS-84 coordinates in those coordinates
- used for the Bangladesh geodetic coordinate system:
Xa
+ [ 3 ] :
.. - Z oA .

Xa HXo Xa “283.7.3551
[YB = [AYD ]+ [YA ]: [ -734.907m
Zs

FANW /AN 7 a '250.6871!1
where

XA, Y a, and Za represent rectangular coordinates in the WGS-84 coordinate system

Xg, Yg, and Zg represent rectangular coordinates in the Bangladesh survey coordinate
system '

and AXg, AYy, and AZy represent.the degree of horizontal displacement between
coordinates in the WGS-84 and Bangladesh coordinate systems. B

2) Computation of 3-dimensional network adjustment. - |

(1) GPS baseline vectors

AKXy . r X2 e X oy

AY = Yo - [Yl ]

\AZ Lz Z.

(X1 ((Nit+hi) ~os@sasi . B

Y = |(N(+hi) ‘asdri-shds ] N
Lyi_a (N (1—e:)+hi) g’ 1=1,2

(2) Computation of network adjustmeﬁt when computing results

A) Observation equation using geodetic coofdinates_(i.é., lat_ituc_ie, longitud'e and height)

Vo« 5 ¢ & & N &X"
{Vy]: mz[d‘lz }“ml'[dll l-*‘M&‘_[A'Y.O 1'6
v; (51’12 . o ..

§ o AZ°
(residual) (unknown quantity) (unknown quantity) ' ]
AXS U AXY | (AKX
+Mn-IAY° -ﬁ#{A?‘}{Ayu}
I U T N U A VS N

o _ N § _ (apbroxi'maiip:n):'."(Sbsérv'ed vaiue.)'
~(M:i+ h) 'SiIlQﬁ:‘mS/l_i —(N1+h1)'_:m$¢.1-‘sin)_tr_1 os@L-ms Ay
m(== -(M;+h1)-sin¢1-mslt —(N:+h1)-m;c_¢u'sin:l:__ms¢1'u:-szl:] )

L (Mt h) o 0 g s
0 0 ) - Ao .
ME= 0 - 0 - -smAo . g
1 _ © 7 (estimated value)
.GEGAn"Sin/l.o' 0 : _ T N P )
0 - wsPo .-ss_n«;saf-sm-o”“-*”""
Mn=|  osdo 0  -~sngo-smAo
o sinAo “_Sin(?sn"shlo_ : 0
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where 1} and £ represent parameters used to estimated the average geoid slope, thus
corresponding to the average vertical deflection in the area being surveyed. Note,
however, that parameters 1} and  are not used when calculating preliminary averages.

Ni=a,/J 1—-e?sn’d: (i=1,2)
Mi=a - (1l-e®)/J(1-e’n*¢.) (i=1,2)
where ¢y and Ay represent the latitude and longitude of arbitrary known points.

B) Observation equation using a {hree-dimensional graph (X, Y, Z)

Vs 6§ X- § X, : AX®
[V-,..z{cSY; ]—_[6'!’; ]QMJS-[AY" ]-«S
V. 52 87 A
(remainder} (unknown quaniily) {unknown quantity}
AX® AX° A Xy
+Mn -{A_Y“_] -+ [AY" ]-ﬂ AY oy
AT laze AZ o

{estimated valug) {observed value)

C) Observation weights -
P=0gos*(Xaravaz)™!'
where
‘Og? represents the variancé of unit weights ‘
and where Z ax, oy, A7 represents the variance and covariance matrix of AX, AY, and

D) Caiculation of averages
V=AX—-L
(ATPA)X—-(ATPL)=0
X=(ATPA)'A'PL
Li=(V'PV)/{(n—m)
where
: residual vector
: unknown vector
weight calculated according to equation in (C) -~
unit weight of standard deviation of observations
number of observation equations
: a matrix of unknown
vector of constant term- -
: number of unknowns

=R S S
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3) . Variance and covariance matrix and correlétivc mafrix
(1) Varian’cé and covariance matrix |
A) Variance and covariance matrix for rectangular cooi‘dinateé (X,Y,and Z)
AX, AY, and AZ variance and covariance matrix:

O axat O aray Gaial
T atat,at = %ATAI O AYAY T aval 1

Talat T alay O alal

B) Variance and covariance matrix for geographic coordinates (i.¢., latitude, longitude,
and height) '

Y4.4,h=R -+ Zax.av.az R’

where _ '
~sng cws A/ (M+h) -sm¢ -smA/(M+h) mé/(M+h)
R=['sin/\/{(N+h)'ms¢} wA {(N+h) - wscd} 0 ]
ws @ oms A s @ > smA sin @

(2) Relationship between correlative matrix and variance and covariance matrix

Pii=0u3/f (Tii- 04y)

(3) Correlative matrix

_ B | o AXAY Cpaxaz
correlative matrix: C = {pa’rax o1 pPavaz ]
pazax pazay .1

(4) Standard deviation

Standard deviation of AX: o ax=4 Taxax

Standard deviation of AY: ocavy=4 Tavax -
Standard deviation of AZ: caz=4 GTazax

Standard deviation of slope distance (D): go=4 0o*

where :
go?=G + Zananat GT »
G= (AX/D, 8aY/D, 82/D)
D=y AX*+AY+AZ®
4) .Equation for calculating GPS survey rclatidnships

(D Calculations of vector closures

Closed vector: (zAaX, TAY, Z2AZ)

Scaleof closed vector: AS =4 (ZAX) *+ (ZAY) *+ (2AZ)?

Height component of _ . _

closed vector: AH=me¢ mA - (ZAX)Y +asd ~shd - (ZAY)
o ' : . +snd - (2AZ)

Angle closure: CAA=AS/ZD :
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where

ZD:  length of route
¢ latitude of control point
A longitude of control point

(2) Equation for use in calculating angle of elevation from differences in 3-dimensional
coordinates

Angle of elevation: v = sn™' {(msqi-qnl°AX+cns¢'sin).-AY+sin¢°AZ)/D}

(3) Equation for use in calculating azimuth angles and length of survey hnes between two
points from the latitude and longitude of those two points

Srmsa=M:+*A@-
N .
iy (37 %-67 *+97 -3t 7 2+21t° 7 *-54tn *)-A 4 *

Neos * ¢

” (~2-3t%343t2np -3t np "3 n ) A A AT
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5} ' Data file

Total number of control points

141 (including control tide gauge stations)

Fixed poinis

1

Number of basealines

756 (378 points calculated in 2 sessions)

Numbsr of abservation data items

2,268

Number of baselines per point

5.4

6) Results of adjusted calculations

Distribution

141 mm

Mean square error

12 mm

(1) Degree of compensation for observation values AX, AY, and AZ

Graphs showmg the number of baselines for the degree of compensation for AX and AZ
show that this degree of compensatlon falls into a range from 30 to 10 millimeters, thus
matching almost perfectly.

As for AY, the degree of compensation is large, and the number of baselines is also large.
In other words, the values for Y obtained from observations are scattered over a wide area,
and the precision of these observations is mfenor to’ that of those for the values of X and
Y. (See Figure 25)

One possible cause of this difference in precision may lie in the fact that the distribution
of gravity in the area around India and Bangladesh is believed to be a zone of gravitational
abnormaly, and these abnormal levels of gravitation might be believed to affect the orbit

of the satellite from which observations are made, thus resulting in a discrepancy between
~ the actual orbit of the satellite and the orbit as recorded in the broadcast alinanac.

2) Error ellipses

Control point positions may be estimated to possess an avérage accuracy of approximately
10 millimeters along the north-south axis, approximately 15 millimeters along the
cast-west axis, and approximately 20 millimeters along the vertical axis.

Note that the error spheres for points along the edges of the network are somewhat larger
than that for other points, as may be seen in the graph showing the values of the square
root of Q. (See Figure 26)
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7) Generating local geoid models and determining height of GPS stations

- In performing this survey, since first-order bench marks were placed only by the shoulders
- of aportion of the main roads in the area covered in the survey, heights were given forall GPS
control points set at approximately 1 point for every 30 kilometers.

It is for this reason that it was necessary to generate a local geoid mode! of the area being
surveyed and to use GPS-derived levelling to calculate the height of those GPS stations for
which it was impossible to calculate heights using ordinary levelling.

The relationship between the orthometric height (H), the ellipsoidal height (h), and the
geoidal height can be understood in terms of the following equations:

h=H+NorH=h-N
where

h: ellipsoidal height
H: orthometric height
N: geoidal height (undulation)

Note that while this relationship was illustrated in Figure 27, although the angle (€) represents
the angle of deflection from the vertical, this angle is of a sufficiently small degree so that the
relationship may simply be viewed as being expressed by the equation h=H + N.

Figure 28 show the relationship between geoidal undulations in the region in and around
Bangladesh and the World Geodetic System.

The area in and around Bangladesh is located in a plane iocated at a height of approximately
50 meters below that of the WGS-84 ellipsoid.

(1) Generation of local geoid model for Bangladesh

What may be directly surmised from the results of GPS observations is that the WGS-84
ellipsoidal height (h), and the orthometric height (H), and geoidal height (N) are all
unknowns. Therefore, in order to obtain the orthometric height (H) of all GPS stations,
it is necessary either to combine these values with level routes or to create an accurate
geoid model to make it possible to determine the geoidal height (N) of all GPS stations.

In the current survey, 51 of the total of 141 GPS stations (52 if tide gauge stations are
included) were joined to first-order benchmark lines using direct levelling, and with these

- points as givens, the Digital Terrain Model contouring method was employed to create
equi-potential lines of the geoid model, and the remaining 89 points were then interpo-
lated. (See Table 2 and Figure 29) '

' There were a total of 93 triangles used to connect the given points used to create the geoid
model, and the equi-potential lines drawn around this set of triangles has been reported
by the U.S.D.M.A. This data was then compiled using the values for the WGS-84 Geoid

- and the Geoid-91 A developed by Prof. Rapp of Ohio State University for reference.
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(2) Display of values for orthometric height of GPS stations : -

While all 140 GPS stations were assigned values for their orthometric heights using the
method described above, since the procedures followed in calculating this values differ
and since this produces difference in the reliability of the results, the following classifi-
cations were used in displaying the results of these calculations.

GPS stations on first-order levelling lines: | 0.0001 m (10-4'm)

GPS stations linked with BM by 3rd-order levelling: 0.01 m (103 m)
GPS stations interpolated from local geoid model: 0.1 m (107t m)



Orthometric Height Estimation
- by GPS/Levelling o

H :Orthometric Height
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3. SOME CONSIDERATIONS AND BECOMENDATIONS

The communication between the JICA Study Team and the SOB counterparts went smoothly
and satisfactorily all through the study period, including the daily contact, confirmation, reporting
on the study operations and technical consultations between the two parties. However, what were
least expected occurred in the course of our entire project operations when we had to negotiate with
the other government agencies in the matters related to the fulfiliment of our duties or when we
encountered irresistible difficulties and when we were involved in the employment trouble recuting
local drivers.

We would like to refer to what we consider are useful and helpful in cat“rying out similar projects
and what we expect of the SOB after handmo over the final results of the study to Bangladesh as
follows: : : :

3-1 Point Locationing for Control Points and Bench Marks and Monumentation

. Prior to the comnencement of the point locationing survey, an official bulletin was issued by
SOB to the heads of various governmental agencies such as District Commissioners and Chairmen

- of the Road & Highway Authority calling for their support and cooperation in the fieldwork of the
JICA Study Team, stressing the aims and significance of the study and the importance of
monumentation. ' ' '

The Road & Highway Authority issued a certificate that authorized the JICA Study Mission to
conduct surveying operations and copies of the certificate were distributed to regional branch offices.

‘The actual point locationing work was conducted in accordance with what were described under -
section: 2-1-4 and 2-1-5 as the precautlons to be borne in mind, and the SOB counterparts helped the
JICA Study Team obtain permission from the land owner to drive a wooden pile on the spot se}ected '
and prepare point records and get thmgs ready for burymg bench marks

However 1mmed1ately before the monumentation work started in the Phase Il study, the work
was held in abeyance at several sites because the land custodians were told to get permission from

the upper authorxty all over agam even though they had already obtamed approval for the exclus;ve
use of the land. o .

The fault may be ascribable to the misunderstanding of the land custodians who had taken the
size of a control point or a bench mark for a mere point when they were first told about it at the time

of the point selection and failed to imagine the physical dimensions of such a structure at the time
of its completion. :

This gives us a lesson that sufficient information about the spot where a monument is laid,
including the physical size and scale, should be provided at the time of the point selection to avoid
such a confusion, and the point selection should be made by taking into consxderatlon the status quo _
of the land in relation to the uses of the surrounding land
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3-2 'I"idal'_Station Site Selection and Construction Work

In the stage of preliminary investigations a point adjacent to the mooring dolphin at the CUFL
cargo loading pier was selected as the site for site a tidal station.

Prior to the commencement of the study work at the selected site, JICA Study Team sought
approval from CUFL (Managing director) and failed to get it because of his administrative
responsibility. We were inevitably obliged to transfer to the spot under the control of Chittagong Port
Authority and it was about 60 m away from the mooring dolphin,

The change necessitated a full design modification as seen in the installation of an approach (a
cat-walk pier) to the tidal station, which was otherwise unnecessary.

We would like to point out, however, that CUFL had been fully cooperative with us and-
favorably responded to our requirements except the above incident. CUFL assisted us in many ways
on an agreement for providing us with services and conveniences in the installation of a bench mark
as an annex facility to the tidal station, the work site office, the dormitory for workers, the supply of
fresh water for concrete mixing, the transportation of construction materials, etc.

The auxiliary tidal station installed off Patenga Beach that directly faces the Bay of Bengal was-
destroyed by the floating substance (assumedly a vessel) when a cyclone hit the area in May of 1993,
‘though it was structurally a temporal one. To continue tidal observation, the broken station has been
reconstructed in the iron reinforced concrete and steel plpe structure surrounded by the three
protectlve plles :

3-3 Levelhng on the Rallway Bridges _

On the planned route for bench marks there are two bndges Hardmgs Bridge and Ghorashal
Bridge. The domestic laws of Bangladesh have designated these two bridges askey points for reasons
of security and restrict the surveying by foreigners. Permission for surveying the railway bridges
under rcgtilations_ must be obtained first from the Ministry of Communication, National Railway,
local police stations and then special permission from the Security Police of the Ministry of Home.

Ail of th’esé proceedings were made by the SOB. but it was nécessary fo submit an application

for permission about two months prlor tothe surveying work by designating the week when the work
was slated to start. . :

— 123~



	1. Outline of the Study
	1-8 Plan and Execution
	1-8-4 Counterpart's Coopertion and Training
	1-8-5 Training Courses Provided for Counterparts
	1-8-6 Significance of the Results from the Study


	2. Technical Report
	2-1 Geodesic Control Point Network and Facility Construction
	2-1-1 Construction of Tidal Observation Station
	2-1-2 Construction of Vertical Datum
	2-1-3 Geodetic Datum Renovation
	2-1-4 Monumentation of Bench Marks
	2-1-5 Monumentation of Control Points

	2-2 Tide Level Observation and Analysis
	2-2-1 Reference Level Check and Employed Equipment
	2-2-2 Tide Level Observation
	2-2-3 Arrangement of Tide Level Data
	2-2-4 Tidal Observation Facilities
	2-2-5 Transfer of Technology
	2-2-6 Determination of Mean Sea Level

	2-3 Levelling
	2-3-1 Levelling Work Volume and Parameters for Observation
	2-3-2 Computation and Arrangement
	2-3-3 Network Adjustment
	2-3-4 Determination of the Vertical Datum Value
	2-3-5 Comparison with Elevation of Existing Bench Marks

	2-4 Control Point Surveying
	2-4-1 Control Point Surveying Using GPS
	2-4-2 Computations of Datum Stations of Geographic Coordinates
	2-4-3 GPS Survey Computations
	2-4-4 GPS 3-dimensional Adjustment Computations


	3. Some Considerations and Recommendations
	3-1 Point Locationing for Control Points and Bench Marks and Monumentation
	3-2 Tidal Station Site Selection and Construction Work
	3-3 Levelling on the Railway Bridges


