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Introduction 
 
Japanese panel painted screens are composed of one or more paint layers, a calcite preparation, and a 
glued multi-layer paper supported on a latticed wooden mount. Most of 16th to 19th century Japanese 
masterpieces have gold leaves on the paint layers. The preparation layer often has an uneven, relief-like 
surface covered with gold leaves that follow its contours. The condition of the preparation layer must be 
considered in conservation planning, and it is a reason that non-invasive observation techniques may be 
preferred. 
 
Terahertz pulse (THz), a non-invasive imaging technique that has improved in recent years, has been used 
successfully to observe the internal structure of various objects. Thus, THz imaging is expected to 
become an appropriate technique for examining the preparation layer of Japanese panel painted screens. 
In order to investigate the potential of THz technology, the authors applied THz time domain reflection 
imaging to the 17th ~18th century "Willow Bridge and Water Wheel (Uji Bridge)" (artists unknown) 
panel, which is part of the collection of the Tokyo National Museum (Fig. 1).  
 
In this paper THz imaging technology is briefly introduced and, then, followed by examples of 
experimental results. Useful findings in practical conservation are also discussed. 
 

 

	  

Fig. 1.  Japanese panel painted screen, "Willow Bridge and Water Wheel (Uji Bridge)". 
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2. THz imaging 
 
Terahertz (THz) waves (frequency: 0.1 to 10 THz; 3 to 300 cm–1; wavelength: 33µm to 3.3 mm) exist in 
the range between radio waves (electronics) and lights waves (optics). THz waves have been used in 
academic research fields, for example: radio astronomy. Because of progress in laser technology, stable 
THz sources have been developed over the past ten years, and THz spectroscopy and imaging techniques 
have become a focus of attention in optics research fields. [1, 2] 
 
THz waves can penetrate opaque materials, and various materials show fingerprint spectra that depend on 
their intermolecular behaviour. Because of the finger print feature, THz imaging has been applied to the 
detection of hidden dangerous substances, such as plastic explosives concealed in clothing.  
 
THz spectroscopy and THz imaging techniques are expected to have great potential for analysing 
artworks. The main advantage of THz waves is 
that they can penetrate beneath the surface of 
artworks, reaching the preparation layers 
noninvasively. Without use of a device coming in 
contact with the artwork, spectroscopic imaging 
can create three-dimensional maps of materials. 
Figure 2(a) compares electromagnetic waves used 
to analyse artworks. UV is useful for examining 
varnish; IR can reveal the underdrawing; and, X-
rays pass through most nonmetal materials. The 
THz technique can complement those established 
methods. 
 
In particular, time domain reflection imaging uses 
THz pulses, which act as a probe and propagate 
through an artwork to determine its internal 
structure without requiring sampling of the 
specimen, as shown in Fig. 2(b). They also can 
provide non-destructive cross-sectional images. 
The map (area information) of the layer of interest 
in a multilayer structure is of practical use because 
conservators can estimate the presence of internal 
defects to be fixed. 
 
Fig. 2(c) is an example that shows the internal structure observation of the preparation layer of a Japanese 
panel painted screen.  The rear side is made of four papers that were glued, mainly, at the lattice wooden 
mount. The reflection signal is generated at the interface between the air and paper along with the 
propagation of the THz pulse, as shown in four peaks in Fig. 2(c). Since the reflection signal is obtained 

	  

	  

Fig. 2 THz imaging and its features. 



when the refractive index of materials at the interface is different, little signal appears when papers are 
well glued, resulting in one quasi-uniform thick layer. 
 
The system used in this work was T-Ray 4000 (Picometrix, USA), which is equipped with a X-Y stage to 
collect reflection signals by scanning the object. The area image can be displayed with values by 
integrating the entire signal, by integrating the signal in a limited time/frequency window, or with 
maximum or minimum values. By drawing the image in particular time, the area image at the layer of 
interest is obtained. In this work, we discuss the images formed by integrating the entire signal. 
 
3. Internal structure of a Japanese panel painted screen 
 
The purpose of this work is to observe the condition of the calcite preparation layer under the gold leaf. 
Since the THz pulse reflects almost 100% at the metal surface, the preparation layer must be observed 
from the rear side. Because the thickness of the panel is little less than 30 mm, we used a lens with a focal 
length of 1 inch (25.4 mm) to observe near the front surface. For measurements from the front side, THz 
is useful as a means to detect defects on gold leaves, for example a missing part fixed with paints. 
 
Fig. 3(a) shows the observation area in the left fifth panel. Figs. 3(b) and 3(c) show the THz reflection 
images from the front and rear sides, respectively. The THz reflection image is described in a grey scale 
for which 100% white indicates the highest reflection value. The highly reflected area corresponds to the 
area covered with gold leaves in both images from the front and from the rear sides. Here, the reflection 
from the gold leaves was detected either directly (Fig. 3(b)) or after travelling through the preparation 
layer (Fig. 3(c)). The lattice wooden mount was clearly observed from the rear side because it disturbs the 
THz wave propagation. The transmittance of wood depends on the types of wood, the grain, and the 
humidity. From the front side, however, the lattice was not detected because it was under gold leaves, as 
shown in the superimposed image shown in Fig. 3(d). Cracks and scratches were observed both from the 
front and rear sides because of the existence of edge on the gold leaves, which reduces the total reflection 
signal. Gold or gold-like paint recognised in visible image (indicated as 1) was not observed in THz 
reflection. The black paint in splash (2) and the black-red comb-like lines on a ladle (3), which has no 
relief-like feature, were only detected from the surface. The black-red lines and other lines formed with 
the relief-like calcite preparation (4) can be detected either from the front or the rear side. It is natural that 
the paint on the gold leaf on the front gold surface could not be detected from the rear side. If there is a 
relief-like feature in the figure with the paint, however, scattering at the edge will give a trace. As shown 
in Fig. 3(a), two types of gold leaves are used. However the difference cannot be distinguished by THz 
imaging. 
 
Figs. 4(a) and 4(b) show the visible and THz images (from the rear side) of a detail of the left fifth panel. 
A cross section, imaged along the yellow broken line, is also shown. Similar to Figs. 3(c), the comb-like 
black-red lines were not recognised from the rear side. The calcite relief-like features are clearly observed 
in the 'non-invasive' cross section images obtained by the measurement from the rear side. The wood 
mount disturbs the imaging, as in the right-hand side image in Fig. 3(b). The relief features of shafts of 
the windmill are observed clearly, as are the base preparation layers with papers. Papers which were not 



entirely glued are easily observed since the difference in the reflective index of paper and the air is large.  
Such 'free' papers eased the tension in the panel depending on the environmental condition.  The bottom 
cross-section image proved that the relief feature is only used in the main red-black lines and not in the 
comb-like lines. 
 
When the calcite layer becomes porous due to deterioration THz scattering signals are generated inside 
the calcite, and they appeared in the reflection signal. The calcite preparation layer in this area, including 
the relief part, was considered to be in good condition because no scattering signal appeared and the 
calcite bulk was uniform. 
 

 
 
 
 
 
 
 
 
 
 
 
4. Useful findings for practical conservation 
 
(i) Surface defects 
As described in the previous section, cracks and scratches on the gold leaves can be observed, from either 
the front or rear side. When there is a significant separation, i.e. the existence of an air gap at the crack, it 
appears as the detached area in the image from the rear side.  No such defects were found in this panel 
painted screen.   
 
(ii) Porous calcite layers 
Figs. 5(a) and 5(b) show the visible and THz reflection images from the rear side of a part of the left 6th 
panel.  The non-invasive cross section images along the two yellow broken lines, A and B, are also shown.  
Cracks and scratches on gold rims and shafts are observed with the relief features.  The cross-section 

	  

Fig. 3 THz imaging from the front and the rear sides.	  

	  

	  

	  

Fig. 4 THz imaging from the rear side and cross-section images. 



images along the line A and the top part of the line B show clear layer structures with uniform calcite 
layers.  In the bottom part of the line B, however, scattering signals from the calcite layer of the rim are 
obtained. as marked by a red dotted line. 

(iii) Previous restoration 
When a part of a gold leaf surface is lost, gold paint is often used to repair it.  THz reflection from a 
modern gold paint was examined by a model sheet.  As shown in Fig. 6, reflection from the gold paint 
depends on its density.  Thus, if gold paint is used to fill in the missing area to make it to appear to be 
gold, THz will not be able to distinguish between gold leaf and gold paint. 
 
Figure 7 shows the visible and THz reflection image from the front side of a part of the left fifth panel 
with its cross section image along the yellow broken line.  As marked by red dotted ovals or squares, 
several missing parts, which look like gold layers in the visible spectrum, have no reflection.  Thus they 
are highly likely to have been painted with non-metallic yellow pigments.  The cross-section image in Fig. 
7(b) proves that there are no relief features in the fixed parts, and that the painted material was rather 
transparent because it is possible to see through the internal layers. 
 
6. Conclusions 
 
We have used THz imaging to examine a Japanese panel painted screen. The internal layer structure of 
the wood mount and the preparation layers formed with papers, glues, and calcite were clearly observed.  
The condition of the preparation layers, including calcite layers which form relief-like features on the 
surface of the artwork, can be assessed by the THz reflection signals.  These results suggest that THz 
imaging is a useful technique for planning procedures and estimating the conservation workload. 

	  

	  

Fig. 5 Preparation analysis by THz imaging. 
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Fig.6 THz imaging of a gold paint specimen. 

	  

Fig. 7 THz imaging of missing area painted by colours. 
	  


