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Abstract

This study covers the three-dimensional position marking system
(3DPMS) in the information-integrated construction (IIC) of three
major fields necessary to improve the productivity of a construction
project, i.e. development of an industrialized construction method,
promotion of robotization and promotion of IIC.

IIC technology has become an essential part of construction technology
as the computer, sensor and communication technology have advanced,
and it has seen rapid promotion in recent years.

The 3-DPMS as described here shows the position of the original point
that serves as the basis of construction, is ilmportant in the
development of new domains of technology, such as marine and
underground space, etc., and is an effective construction method in
the building of structures of a complicated shape. In addition, it
vill play an important role in the construction method for building
Structures that have rapidly been fully automated in recent years.

Taisei Corporation has already initiated development of the method
using the Global Position System (GPS) including the 3-DPMS for this
burpose.

"1 A Suzuki et a] .- "Present Status of Expert System in Construction Companies”.
Stanford University CIFE Symposium in March 1990.
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1. Introduction

: t the ancient pyramids in Egypt form a regular
iét;:higizzezzi?ﬁgt?:e four cardinal points of north, south, east, and
vest. It is sald that vhen the pyramids were designed these
directions had been determined by measuring the movement o{ the sun
and the stars. Even in the present day, ocean-going vessels yge the
latest position measurement techniques including GPS, etec., byt
yachts, still use a sextant for astronomical observation as an

important means of measurement.

r building a structure can be seen in Fig. 1 "Flov of
g?iciéﬁﬁZ?grgufothe systeg for knowing the three-dimensional position
and marking it, relates not only to the survey, but also to all the
stages. And it is necessary to know'the position that may be
invisible to the human eye and positioning for construction nust he
performed. At present, although the information-integrated
construction (IIC) can be seen in Fig. 2, and we have been Performing
this in the process of construction, the three-dimensional survey and
position information are becoming extremely important.
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Fig. 1 Position of information-integrated
construction technology
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2 To determine position in marine space

The Honshu-Shikoku Bridges completed in 1988 have 1] sets of bridge
piers or abutments. These were constructed using a method in which
seabed rock was excavated and levelled and a steel caisson was sunk at
that position and crushed gravel placed in it, and then mortar was
injected. This is a special construction method called the
"Laying-Down Caisson Method".

Although the base area w&ere the sgeel caisson was to be installed
ranged from about 1500 m” to 500 m“, and the wvater depth also varied
between 50 m and 10 m, the accuracy of the smooth finish of the base
surface was 10 cm. To measure the seabed surface with this high
degree of accuracy, a sounding data processor developed using
mini-computers was employed first, making use of the self-elevating
platform (SEP) to accurately obtain plane position. Nine sets of
depth sounders of 400 Hz were installed on both sides of the base of
03.1 m guide pipe, as shown in Fig. 3, with the plane position on SEP
as a standard so as to be able to process this vast volume of data
accurately in a short period of time. For confirmation of the plane
position a Electronic Distance meter and transit were used in
combination and the standard length of pipe and depth sounders were
used to measure water depth in order to utilize the data processing

system.
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Fig. 3 SEP and position of depth sounding sensors

The caisson now to be laid on the finished rock surface is a huge
double wall caisson of 59 x 27 x 37 m to 59 x 75 x S5 m in outer
dimensions. To enable installation of such a structure in the
designated position, an example of the positioning system adopted is
shown. The measurement information necessary for these control
operations ranges from position of the caisson, direction, water level
in ballast tank and cutting edge of the caisson to the distance to the
base of the foundation, etc. Fig. 4 shows the outline of the
information processing system for this purpose. The laying of the
caisson was implemented by collecting and processing this information.
This system has been improved upon and is now being used in the laying
of the steel caisson foundations of the Akashi Kaikyo Bridge.

*2. € Goto and A. Suzuki; "An Example of the Underwater Construction of Honshu-
Shikoku Kojima-Sakaide Bridge", the Japan Society of Civil Engineers, Sept. 198S.

—209—




Range fioder lociiaation Uater lwval Draught Puap “antra)
rragaLc Daptd fiader detsctor detactor detector Winch control banrd board

lecitoution dars Winch operatiag
Avisuthal data Mater depch datw Horizoptally Ballast rank Oraugdt dat conditiony
4levation datn: 4 coraers! to brisdge axiw Water level dar it sides: (-luc]n.. d”““,_J
L

Fusp oparar Ing
conditlop,
starting.

Perpesdicular 710 locatiens) BLOppiAg. teomion

distacce 1.2 data. (
to bridge azis aboscmni StoppyagH
I : }
Coatrol pansl
Oate collectlon PALY fenen... EETYTTow § Y
Setting of scraes Yiswing of darn
Othar requests
¥hea aptiaasl Oate processiog part
Cwtection of sbnoemal
condition At ceftain internal
When scresn i3 set Pots output part G#1ection of shaormal condition at carteip intacvy ]
Tharenttar set valos 13
Whep $Cfewn i3 setr ¥hen opriona) (wamuai) et condltion :ham {0t tomnt ic)
(tharsafter shaa renewed)

Wheo SCrewn i3 et Condition chaogs #te
Thersalter ~hen cvaewed]

When_icreen i3 yet Yhen 3ptional
Theceatter whan renswed)

When screen I3 set, “"a’vd‘rq.l.nnl-‘r‘vﬁ"
thyreaftar
(-1-: rn-d)

CRT cart [ &4

CRT T ET
Coatral — Calsson loterval Cpticnal
of plams Centrot Viivetton 1loklng recorda records
precisioq | of heighyg hysceranss
Coumtre)
pesitias Contrel

Fig. 4 Outline of positioning system for sinking

Comtrol
of plune

L0
Pesitlsa

Fapewa);
retention

3 Measuring a complex configuration

At Disneyland where a new amusement facility has been produced to
create a "Splash Mountain" that is covered with rocks of fantastic
shapes in Tokyo Disneyland, a model of 1/50 in scale, which was
manufactured in the U.S.A., was brought to Japan to prepare a draving
for reproduction. To reproduce and prepare the drawing two methods
vere adopted: to conduct a photographic survey on the ground and to
prepare an analysis drawing and lead it to CAD from a
three-dimensional digitizer,

The photographic survey method or ground uses a similar method to the
aerial photographic survey method on the model, i.e. take overlapping
photographs by moving a precision measurement camera on a rail of the
model where numerous datum markers are placed. The overlapped
photographs are then held by the analysis drawing maker on the right

point at each time Period are converted to normal (all photographed
points) coordinates. The light ray that passes the common
photographed points on tvo photographs, right and left, and meets at
one point, is called the "mutual orientation." With this analysis
draving maker, an analytical reproduction image that is analogous with
the model can be obtained. Next, in the photographic triangular
survey, the common photographed points (Xp, Yp, Zp) in the group of
photographs that are overlapped and continuous in each time period are
given an average value by minimizing the Square sum of the remaining
difference when they are converted to normal coordinates (X, Y, Z)
using the photographic model unit triangular survey program. In
addition, by giving a different weighting to the normal coordinates,
the closest solution can be obtained.

Fig. 5 shows an example of the three-dimensional measurement method
using the photographic triangular survey.

- 210 -

_—




por "Splash Mountain" at Tokyo Disneyland, the drawings were
reproduced using two m?thods, the photographic survey method on the
ground and the three-dimensional digitizer method and it is now under
construction.

4, Realizing position in space

In modern building, a huge dome and a structure of undefined form are
often constructed in the space. Research and development concerning
the positioning method in spaces such as these is necessary.

As a first step, we have developed a positioning method in underground
space. The underground space is where mass transportation and
lifeline facilities are constructed 50 m below the ground level in the
large cities, requiring the cutting of accurately positioned space
underground.

The cutting is begun by excavating vertically or inclinaly from the
designated punctual coordinates on the ground. To expedite excavation
underground it is necessary to know the correct direction and
distance. Formerly the direction and distance of excavation were
surveyed individually by men but we have made it possible to compute
direction, distance and scope of underground excavation using
computerized laser marking system, and to make marking at the same
time.

This system consists of a total station and a computerized laser
marking system, making it possible to transmit various alignment
calculations that are necessary when constructing a physical
distribution facility underground to the total station as a program
and to give the necessary configuration of an underground structure.
Fig. 6 explains this system.

By using two units of this system, it is possible to obtain points in
the space of the dome etc., and by means of the method of intersection
and resection, the new space traming method can be developed.

Records can be made [nput parameters:
Xin,. Yo X, Yon) at fixed plane dis- - tnclination of sections
tance ds. ds can be from datum paint
taken at intervals of - width of sections
about 0.1 mm on the - vertical length of

photograph, sections
- interval of data taking

on sections (plane
distance) 0.1 mm is
possibie on the
photograph,

Records can be made at o fixed Measured data format
1
Plane distance das. - Normal system (on ground}

2) Section (profile, cross- coordinate value.

1) Contour line mode
section) mods

Phorographic cogrdinates
{can be used for photo-
graphic overlay evolution)

Fig. 5 Three-dimensional measurement method using analysis
drawving maker
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5. To determine a new construction method

The method of constructing buildings is now about to change
significantly. The announcement by construction companies of a fully
automated construction method is one of the indicators. 1In the fully
automated construction of a building, it becomes necessary to perforn
a large assembly process to simplify the assembly work at the existing
position. Instead of erecting structural steel columns tormerly used
in the SRC construction one by one, a block assembly mode integrating
the column, beam, wall and ceiling is now applied. 1In a block
construction process such as this, it is important that individual
members are processed with accuracy and installed in their designated
positions without error. It is also important to give an assembly
robot an accurate two-dimensional position in this fully automated
construction. We are now planning to establish a three-dimensional
coordinate recognition assembly method using a combination of GPS
computerized laser marking system and the total station.

Also, in construction work already started for the Winter Olympic
Games in 1998 for the Hakuba NAGANO Ski Jumping Hill (k = 120 m and 90
m), research into the development of a new construction method
employing computerized laser marking system with the total station and
a computer in order to give the complex configuration of the
ski-jumping hill to the space is already under vay.

A proposed plan of application of the marking system to the Hakuba Ski
Jumping Hill by slide.

6. Conclusion

Although TIC began with the observational construction in the field of
so0il mechanics it has received attention as a far-reaching, new

communication technology, and it is reaching a stage vhere it is
changing the positioning of the construction industry whose
productivity was previously low, by upgrading the accuracy of
fabrication of structures and the ratig of industrialization of
products.

The 3-DPMS discussed here is a field that gives positional information
and can become the basis of remote measuring in IIC which is a pivotal
Point in robotization serving as a technology that produces
positioning information in fully automated construction. With the
connection of the 3-p CAD, we envisage that it will play a major role
in changing construction systems of the future.
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