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Basic Study of A Hull Form Restoration Method
— The Development of a Multi-Laser Projection System —

Shunsuke TANAKA and Hikaru YAGI

Abstract

Ships of all times and places have been playing an important role in transportation of cargoes and also the
culture. When we study the maritime cross-cultural exchange in East Asia, the role of ship is outstanding. Recent
years, ancient wrecked ships have been excavated in fairy good conditions from the sea in China and Korea, and
intensive studies have been conducted from the stand point of archaeology and nautical archaeology. It is understood
that engineering approach into such ships may contribute to make various historical events or incidents clear
technically by confirming the historicity of documentary accounts and oral traditions. However, researches from
engineering aspects are very limited especially in ship performances. One possible reason is that excavated ships are
very limited in portion of the whole hull, and reconstruction of the exact whole hull shape is prevented. Another
reason may be the difficulties in hull form conservation during excavation and reconstruction of wooden hull. In order
to measure the hull form with the accuracy allowing us to draw hull lines, direct on-site measurement is preferable
but difficult. On the other hand, recent technologies made it possible to measure various shapes without direct contact
to the object. One typical application is ‘laser optical systems’ used in civil engineering, architecture and archaeology
and so on. This is basically triangular survey to each point of target, and requires fairly long time.

Another method is ‘stereo photo system’ which requires no direct contact. But the optical color-signal detection
depends on the distinctiveness of color of the target point on the body, and such condition is often beyond our control.
In the cases of wrecked wooden ships, it is usual that the hull is monotonic color of water-logged smooth surface.
This makes it difficult to detect the exact three dimensional shape.

In this study, stereo photo method is investigated combined with a newly developed multi-laser projection
apparatus which makes it possible to mark multiple clear and distinctive targets on the body.

For the first step, a model ship is used to simulate a wrecked ship with smooth and monotonic color body. The
analysis of photographs and consecutive treatment of fairing technique are applied using a computer aided engineer-
ing tool in ship design. The results indicated that the ship dimensions and fullness factors of the hull form can be
derived with reasonable accuracy within several percent.
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Table 1 Principal Particulars of Model Ship

Length PP 1.250m
Breadth (mld.) 0.172m
Design draft 0.069m
Chb 0.65
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Fig.1 Arrangement of LEDs of Laser Projection System
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Photo1 A Scene during the Adjustment of Laser Projection System
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Photo 2 Laser Projection on the Model Ship Bow
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Step 1 Correction of aberration of camera lens.

Step 2 Set of datum point, coordinates and scale.
Calculation of camera locations.

Step 3 Calculation of the bearing of one marker in a photo from the camera.

Step 4 Set of the marker’s location in another photo of the pair.

Step 5 Calculation of the coordinate of the marker.
Step 6 Repeat the above step3-step4 for remaining markers.

Step 7 Build-up of 3-D coordinates, wire mesh or photo.

Step 8 Connection of components and integration of the total model.
Step 9 Generate CXV file.

Fig.2 Procedure of Photo Data Acquisition and Analysis

Photo 3 Built-up Photo of Model Ship (Fore Half)

Fig.3 3-D Wire Frame Hull Model Generated by Stereo Photo
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Fig.4 Hull Form Faired by CAD System
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Fig.5 Comparison of Generated Hull Form with Prototype (Water Line)

Fig.6 Comparison of Generated Hull Form with Prototype (Body Plan)
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Fig.7 Comparison of Prismatic Curves

Table 2 Effect of Number of Connection Points on Accuracy

CoIr\llr?e.:c(gon Reproduceability (%) Difference
Points 40 Points 3 Points (%)
Cb 97.63 96.31 1.32
Cx 98.78 98.78 0.00
Cp 97.58 97.73 —0.15
Lpp 100.01 99.69 0.32
Lwl 98.70 99.15 —0.45
B 99.77 105.45 —5.68
dwl 106.85 112.03 —5.18
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