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Abstract 
 
Historical objects were often destroyed and tainted with the design from other periods. Computer graphics is 
widely applied to visualize the historical object in its original form. However, Visualization by 3D models 
requires much time and great skill. In addition the conventional methods for CAD fail to provide realism into 
their models. In this paper, we propose the method to easily create 3D models with the realistic touch. Realistic 
models are obtained by laser scanning the real object. The models are then manipulated to their original forms. 
Our method easily reconstructed the original shape of the Great Buddha and the main hall of Todaiji 
Temple(Nara, Japan). 
 
 
1. Introduction 
 
Recent years, the technology of computer graphics has been highly developed and by using 
this technology, many precious cultural heritages around the world are preserved digitally 
[Miyazaki00][Levoy00]. In particular, the performance of laser range finder has been highly 
progressed. Huge objects like Great Buddha can be scanned with the accuracy within a 
millimeter. Computer graphics techniques can also visualize the scenes of lost precious 
cultural heritages on cyberspace. However, there are some problems to reconstruct the entire 
past scenes on cyberspace. It is necessary to create 3D models manually with CAD software, 
and great amount of time and high skills are required to create these models. Manually 
creation also fail to provide 3D models with realistic touch. Instead of relying on CAD 
software alone, our method introduces the model from laser range finder as an initial model. 
Realism is presented under laser range finder. In addition, complex structures are 
automatically reproduced. 
 In Section 2, the technique of modeling from reality is described. The method is described 
by means of example. The creation of the 3D model of the Great Buddha is given. Section 3 
and Section 4 present the restoration of the original Great Buddha and the main hall of 
Todaiji temple respectively. Conclusion is drawn in Section 5. 
 
 
2. Modeling geometry-The Great Buddha of Todaiji Temple 
 
Our algorithm to obtain the geometric model consists of 3 processes;(1) Scanning (2) 
Alignment and (3) Merging. The modeling of Great Buddha of Todaiji Temple in Nara 
(Fig.1) is used as an example to describe each process. 



 

Figure1. The Great Buddha of Todaiji Temple 
 
2.1. Scanning 
 
A laser range finder is mainly used to measure a 3D surface geometry. Though several 
minutes are required to capture one range image, the laser range finder accurately measures 
the geometric model of visible surface on the static object. Therefore, the surface geometry of 
the cultural heritages is well preserved in the range data. Examples of range images taken 
from different direction are shown in Figure 2. These range images were captured by 
Cyrax2500 [Cyrax], Cyrax2500 applies a time of flight to measure the geometric model of 
objects. Because the laser range finder captures only the visible surface, in order to obtain the 
entire surface, it is necessary to take range images from different directions. 114 range images 
were used to create the complete model of the Great Buddha. 
 

      
Figure2. Examples of measured range images 

 



2.2. Alignment 
 
The coordinate of each range image is relative to the position of the sensor. It is then required 
to align all range images into a common coordinate system. First, range images are manually 
aligned. The objective of manual alignment is to provide the initial position for automatic 
alignment. It is unnecessary to accurately align the images at this step. Roughly aligned 
images are sufficient. The results are further aligned by automatic alignment algorithm. There 
are many alignment algorithm adapted from the iterative-closest-point(ICP) algorithm 
[Besl92][Chen92]. The method based on ICP to align a pair of partial 3D models is proposed 
by Zhang [Zhang94]. However, pair-wise alignment methods tend to accumulate an 
alignment error when a large number of range images are involved. To avoid the problem of 
accumulating error, simultaneous methods [Neugebauer97][Pulli99] are applied to align a 
large number of range images. We adopted the simultaneous method proposed in [Nishino02]. 
This algorithm is robust against outliers. This method utilizes M-estimator to reject outliers 
effectively. Figure 3 shows the result of alignment process. Different color represents the 
range images captured from different direction. 
 

 
Figure3. Alignment result 

 
2.3. Merging 
 
Finally, all aligned range images are merged into a unified mesh model. The volumetric 
merging method is proposed in [Curless96]. In this method, multiple range images are 
converted into a volumetric implicit-surface representation. After this process, the volumetric 
data is re-converted into a mesh model by the marching-cubes algorithm [Lorensen87]. For 
better error reduction, more robust merging method is proposed [Wheeler98]. Consensus of 
surface normal is utilized for better outlier's rejection during estimation of signed distance 
from one voxel to range image. Generally these volumetric merging method has a high 
computing load. Therefore, we used the PC cluster and parallel processing algorithm 
[Sagawa01] to create the complete model of the Great Buddha from a large number of range 
images. Figure 4 shows the merging result. This model contains approximately 1,560,000 
vertices and 3,000,000 meshes. 



    
Figure4. Merging result 

 
3. Restoration of the Great Buddha of Todaiji Temple 
 
Todaiji Temple has been burnt twice during the domestic wars since it was built in the 8th 
century. Furthermore the head of the Great Buddha in Todaiji Temple was collapsed by an 
earth quake. The Great Buddha has been repaired for a number of times. As a result, the 
shape of the current Great Buddha is slightly different from the original one. In this paper, we 
tried to reconstruct the 3D model of the original Great Buddha. Generally, it is difficult to 
create the 3D models of the object with very complex surface geometry. But it is easy to 
obtain the model by morphing a model of a similar object. Under this scheme, the original 
Great Buddha can be modeled by modifying the model of the current Great Buddha. 
Although there is almost no remaining image data of the original Great Buddha, the size of 
the first building plan was described in some literatures. Therefore, it is possible to modify 
the current Great Buddha to comply with the size described in these literatures.  
 

  Name Original (m) Current (m) 

1 Sitting Height 15.85 14.98 

2 Eye Length 1.16 1.02 

3 Face Radius 2.82 3.20 

4 Ear Length 2.52 2.54 

5 Palm Length 1.66 1.48 

6 Foot Length 3.56 3.74 

7 Knee Height 2.07 2.23 

8 Face Length 4.74 5.33 

9 Nose Height 0.47 0.50 

10 Mouse Length 1.10 1.33 
Table1. Scale of the original and the current Great Buddha 

 



Size of the original Great Buddha differ among literatures. We considered value agreed by 
most experts as a correct parameter. Table 1 shows some value used in our morphing together 
with the value from the current Great Buddha. Table 1 included that the size of the current 
Great Buddha is slightly different from that of the original one. 

The morphing process contains two steps. First, we globally change the scale of the whole 
parts(e.g. Sitting Height, Face Length). Then, the scale of local parts(e.g. Eye Length, Nose 
Length) are gradually modified. In the 2nd stage, vertices are moved one by one. By 2-stage 
morphing, the complete model of the original Great Buddha is obtained. Figure 6(a) and 6(b) 
show the 3D model of the current and the original Great Buddha, respectively. Figure 6 
indicates that the original Buddha is larger and slimed. 
 

  
(a) Current         (b) Original 

Figure5. Comparison of the current and the morphed (original) Great Buddha 
 
4. Restoration of the Main Hall of Todaiji Temple 
 
The main hall of Todaiji Temple was built in 8th century. It was rebuilt in twice in the 12th 
and 18th century. In 12th century Tenjiku architecture came from China and the main hall 
was rebuilt in that architecture. The rebuilt in 18th century followed the same new style. As a 
result, the style of current main hall is entirely different from that of the original building. It 
is unsuitable to reconstruct the original main hall of Todaiji Temple by processing the model 
of the current main hall. Then we made a decision to utilize the models of Toshodaiji 
Temple's main hall(Nara, Japan) for reconstructing the original main hall of Todaiji Temple in 
response to the advice of professor Keisuke Fujii of the University of Tokyo. The main hall of 
Toshodaiji Temple and Todaiji Temple were also built in the same period(8th century). The 
two buildings are similar enough that the partial models of Toshodaiji Temple could be 
morphed into the model of the original main hall of Todaiji Temple.  

First, we separated the building to some parts roughly, and obtained each models of these 
parts from the main hall of Toshodaiji Temple. We used Cyrax2400 and Pulstec TDS-1500 
and TDS-3100 to measure Toshodaiji Temple. Some partial models for making the final 
model of Todaiji Temple's main hall are shown in Figure 6. 



     

     
Figure6. Partial models of the main hall of Toshodaiji Temple 

 
The number of the meshes of these models were reduced to ease in editing and displaying. 

The representative mesh reduction algorithm is proposed in [Hoppe96]. This "Progressive 
meshes" algorithm is commonly used and base of the many surface simplification algorithm. 
As one of the mesh simplification method, we choose the Garland's method [Garland97] to 
simplify the models. This method efficiently reduce the number of meshes while retaining 
important features of the object, such as sharp edges. It should be noted that the computation 
time of this simplification method is very low as compared with "Progressive meshes" 
algorithm. 

These partial models were expanded and shrunk according to the size of the original main 
hall of Todaiji Temple. Instead of the architecture plan of the original main hall, we used the 
miniature model(Figure 7). The miniature presumed original shape of the main hall and was 
made for exposition. Figure 8 shows the aligned range images scanned with Pulstec 
TDS-150. 
 

 
Figure7. Miniature model of original main hall of Todaiji Temple 

 



 
Figure8. Aligned range images of the miniature.(in Figure 7) 

 
Most of the building was made by putting partial models of Toshodaiji Temple together. Only 
parts with very simple shape(e.g. Wall, Pillar, etc.) were assembled manually from 
rectangular parallelepiped and cylinder. Figure 9 shows the reconstructed 3D model of the 
original main hall of Todaiji Temple. 
 

 
Figure9. Restored Main Hall of Todaiji Temple 

 
 
5. Conclusion 
 
In this paper, we present the method to easily reconstruct the 3D models of lost precious 
cultural heritages. The model of the currently exist object is used as an initial model. The 
initial model is manipulated by morphing and rescaling until the size is in accordance with 
the original one. As an example, we reconstructed the 3D model of original Great Buddha of 
Todaiji Temple. First we captured the current Great Buddha by laser range finder, and 
obtained complete 3D model by utilizing techniques of modeling from reality. Then, the 
model of the current object was scaled and morphed so that its size complied with the original 



one. The complete 3D model of the original Great Buddha was acquired. Also we reconstruct 
the model of the original main hall of Todaiji Temple. Current main hall of Todaiji Temple is 
entirely different from the original one. It is unsuitable to use the current main hall as an 
initial model. Toshodaiji Temple and Todaiji Temple were both in the same period and shared 
a number of similarity. Therefore we used the partial models of main hall from Toshodaiji 
Temple, and created the 3D model of the original main hall of Todaiji Temple. In spite of the 
ease in reconstruction, these models provided very high degree of realism. 
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