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Abstract: Absence of jade stone structural inspection and precise measurement technique is general obstacle for 
imaging a jade stone. A terahertz (THz) photon state parametric gray scale method used for efficiently reduce 
investigation time duration for analyzing structural detail of jade stone is achieved. An alternative THz parametric 
grayscale method is proposed. For explaining the ability of this system, a sample with several layers, has taken for 
analysis. From this method, each layer for jade stone is highlighted and measured for inside deformation. Through 
our experimental result clearly, show the interior formation and deformation of jade stone. The response of jade 
stone at each THz angle of polarization help to obtain a clear inside detailed structure. This study and exploration of 
stone imaging through THz intensity variation method is precise and improve the feasibility of the imaging 
technique. All measurements done by THz system and analysis through MATLAB are well consistent. 
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1. Introduction 

The THz (Terahertz) photon state parametric 
gray scale method is a useful technique in which the 
THz image of a sample has obtained in less time, and 
a sample’s optical details can be precisely analyzed. 
Several publications about the implementation of the 
THz imaging system has reported for identifying 
chemical [1,2], tomography [3], and near-field 
imaging [4]. In these systems, one polarization 
component of the THz wave field detection was a 
drawback through which they were able to detect the 
different material but not the structural property of 
material like stone or wood. Recently THz 
polarization control has got attention in research. 
Many publications about the content which can 
change polarization in THz is absorbed [5-6]. Variety 
of THz polarization investigation methods, which 
include electrical [5,6] and optical [7]. A THz 
polarization imaging method had first introduced by 
van der Valk et al [8], and his work on THz imaging 
has promoted into a new field. But imaging technique 
used by scanning method to obtain an image was a 
long time process to develop a real application. A THz 
optical system had designed for the detection method 
for improving the signal, and that reduce noise 
outcome in our various intensity variation imaging 
methods in our work [9]. Here a THz polarization 
parametric imaging system is used, which will 
decrease the imaging time. Detail of jade stone 
structure for its internal formation, with the help of 

two polarizers, we can reduce the intensity precisely 
required for the investigation of jade stone, which has 
different layers inside it. Our developed system is 
essential for testing the jade stone internal structure. 
Through this optical system, it is more easy to precise 
control of the intensity. If it is more, it will penetrate 
through the stone in another case; the intensity is not 
sufficient through detect in the camera. 

Precise control of intensity by polarizer is 
repeatedly used in visible spectrum [12-14] where as 
in THz imaging system some publication has mention 
it, in which it can control intensity but process is very 
time taking and complex [15,16] so here we have 
presented a simple and fast THz imaging system in 
which we can control intensity very precisely and 
image our sample for different perspective. 

Jadestone is essential in China has used for 
jewelry, stone ornaments, and stone structure in which 
this method can be applied to find out the authenticity 
of the jade stone [11]. In our experiment, the angle of 
polarization is a crucial factor imaging where intensity 
plays a significant role in which we can identify 
which intensity is suitable for the sample, which is 
needed to be tested [11]. In the first sample, we have 
shown that layers have been explored in jade stone 
when different intensity is varied. While in the second 
and third samples, we have shown that through our 
variable intensity imaging system is capable of in-
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depth inspection of the jade stone thickness 
determination. Overall our developed system is 
capable of exploring structural property like layers, 
gaps and can detect other material compositions in it. 

 
2. Jade stone and experimental setup 
description: 

Jadestone sample are shown in Fig. (1) with all 
measurements as described. Fig 1(a) is the sample 

with a length 48 millimeter (mm), width 28 mm, and a 
thickness of 10 mm. Fig. 1(b) have a length 42 mm, 
width 20 mm and 4 mm minimum, 10 mm maximum 
thickness which has distributed in the sample, in fig. 
1(c) have a length of 25 mm, the width of 15 mm, 
having a 3mm minimum and 10mm maximum 
thickness. 

 

 
Figure 1. Jade stone sample measurement description (a) jade sample with equal thickness (b-c) jade stone with 
unequal thickness 

 

 
(a) 

 

 
(b) 

Figure 2. (a) Schematic of system: L1, L2-lens 1: P1, P2-rotational polarizer: THz-s-Source. (b) THz imaging 
system 
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The optical imaging setup shows in fig 2. The 
THz photon state parametric gray scale method 
consists of an IMPATT generator with a frequency of 
100 GHz and an output power of 80/180/400 mW. 
THz imaging cameras with a wide spectral range of 
0.05 THz to 0.7 THz have 1024 pixels where each 
pixel is 1.5mm, apart from that HRFZ-SI-H lens of a 
diameter of 50.8mm, (focal length 4mm of L1, 10 mm 
of L2), polarizer POL-HDPE (high density 
polyethylene) of a diameter of 50, range of (0.01 -30 
THz). Measurement time is speedy, and data can be 
obtained. Transmitted THz waves are projected on 

32x32 array of bolometer detector, after which signal 
is separated from noise with lock-in amplifier 
synchronized on the IMPATT generator. In this 
condition, polarizer control intensity of spectrum that 
helps in analyzing a sample with different range 
calculated based on powerless with and without 
experimental setup. 

 
3. Theory  

Mentioned in [8], THz wave intensity received at 
the detector can be written as  

 

 
 

(1) 

 

Here  and ω are the initial intensity and 
angular frequency of THz wave, η is the reflective 
index of the detecting stone to the THz wave, and L 

are the non-zero coefficient of tensor and the thickness 
of the sensor,  is electric field and c is speed of 

light in vacuum. The  is defined as the angle 
between polarizer and the axis of detecting camera. In 
experiment polarizer were set in front of each other, 

straight to detector axis, mainly,  =90º; and while 
other polarizer is . Intensity a were concluded 
by observing Eq. (1) are, 

 
   (2) 
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Equation. (2-6) explain that intensity changes 

with the change in polarization and can be measured 
through the detector of the straight field and their 
proportional coefficient is 45º. Based on the above 
analysis two polarization intensity variation is 
obtained. It helps in measurement and effect of 
polarization for jade stone. Orientation need to be 
same for more precise measurement. 

 
4. Experimental result  

The method of imaging is based on a different 
angle of the polarization due to which intensity is 
changing. Each layer of jadestone has variation in 
hardness due to which it will allow specific THz 
waves to pass through it and act like a filter in our 
system. In a particular layer, to give a certain level of 

intensity is a need to test by the variation in intensity 
by rotating the P1, by which the intensity of the THz 
wave will change, in decreasing order, helps in the 
analysis number of layers inside the jade stone. Here 
precisely control of THz wave intensity allowed as to 
measure structural properties. The observed intensity 
from Polarization angle 0 to 35 is a vital factor for 
analysis. At this intensity, we have the advantage of 
optimum intensity and less distortion in the image. 
4.1 Authenticity of method proposed for 
measurement 

To find the accuracy of the proposed method for 
measurement (Eq 6), a THz HDPE polarizer is placed 
after the THz source and its rotation to change THz 
polarization as per Fig 2 (a). it shows the placement of 
two polarizer P1 and P2. In which intensity variation 
can observed through Fig. 3, which shows the 
variation in intensity due to change in the angle of 
polarization θ which is measured in every 10 degrees. 
The calculated result is referred from Xinke Wang et 
al [8], the comparisons of two result has been shown. 
Both result is very alike in all term. 
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Figure 3. Graph shows change in THz intensity 
measured (right), calculated (left) in terms of variation 
angle of polarizer. 
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4.2 Layer detection  
For layer detection, a jadestone shown in fig. 

1(a) has taken which have equal thickness. The 
intensity has varied from high to low through the 
rotation of the polarizer P2, which is explained in fig. 
4(b) minimum layer is detected, due to the high 
intensity of the THz wave. It all passes through while 
coming to the part fig. 4 (c) the intensity is decreased 
to 0.45 THz rotating polarizer by 30 degrees, to detect 

the inner layer, in fig.4 (d) intensity is reduced to 0.4 
THz by rotating the polarizer to 40 degrees, at this 
intensity outer and Some parts of the inner layer were 
observed. Through this method, we can detect the 
inner and outer layer of the jade stone. Outer layer can 
be seen in every image, which is THz layout structure 
of the jadestone. Contour plot of image has been done 
with MATLAB. 

 
 

 
Figure 4. (a) Jade stone sample (b) CTP shows at 0.6 THz intensity no layer detected (c) CTP shows at 0.45 THz 
internal layer detected intensity (d) CTP shows at 0.4 THz intensity inner and outer layer were detected (e) intensity 
variation and pixel graph. 

 
 

 
(a)      (b)      (c) 

Figure 5. Conventional gray scale imaging on stereoscopic microscope, from fig 1(a), images are in original size (a) 
intensity is maximum (b) intensity is medium (c) intensity is low. 
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4.3 Thickness detection  

Two samples were tested with different thickness 
and of different kind, details measurement, which is 
mention in the sample description. Here in fig. 6 (a, d) 
image of the samples has been shown to compare with 
the THz image by our intensity variation method. In 
which we were able to examine the different levels of 
thickness in stone based on the intensity received at 
the camera. Fig. 6 (b, e) shows the real THz image 
received by our system. The dark blue region 
indicates the thick region in jade stone, where the near 

to green zone indicates a thin area in the jade stone. 
Fig. 6 (c, f) shows us contour indicate different 
regions according to the intensity. Which has seen as 
yellow region mean almost null jade part in the stone 
where dark blue indicates jadestone, based on the 
different color levels of thickness has identified. 

In THz system for imaging of jade stone we are 
able to see more detail like layers’ thickness edges 
and conventional method only outer properties are 
able to detect like lines and roughness based on the 
reflection. 

 

 
Figure 6. Red marked area is thin area shown and black marked area is thick area (a, d) jade sample front and side 
facing image with marked area (b, e) THz image with marked area (c, f) CTP shows clear description of layers with 
marked area. 

 
 

 
  (a)      (b)      (c) 

Figure 7. Conventional gray scale imaging on stereoscopic microscope, from fig 1(c), images are in original size (a) 
intensity is maximum (b) intensity is medium (c) intensity is low. 
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  (a)      (b)      (c) 

Figure 8. Conventional gray scale imaging on stereoscopic microscope, from fig 1(b), images are in original size (a) 
intensity is maximum (b) intensity is medium (c) intensity is low. 

 
 

4.4 Discussion 
THz variable intensity method is capable of 

detecting the inner layer and outer layer in jade stone. 
Fig. 3. illustrates, due to change in intensity due to the 
rotation of the polarizer can make a lot of difference, 
which is observed precise and can explain the 
properties of the jade stone. While intensity is the 
crucial factor for measurement in which precise 
control of intensity is done by rotating the polarizer. 
In the second part, the thickness is measured based on 
the intensity which is received. When a significant 
difference in intensity, it explains about thickness, and 
when there are very few changes in intensity, it shows 
as about layer difference. Both methods to observe the 
jade stone is rapid and effective and does not include 
an extra cost for examining. Intensity variation THz 
imaging system takes much less time as compared to 
other kinds of THz real-time imaging system and give 
a precise structure of the jade stone. 
 
Conclusion 

In this report, a THz photon state parametric 
gray scale method is developed, which significantly 
widens the ability of THz polarization imaging. A 
measurement method has proposed, and its working 
principle has discussed in brief on the experiment. It is 
successfully characterizing the different variations of 
jade stone to THz polarization and has been compared 
with conventional method of gray scale imaging. The 
feasibility of the imaging system is well exhibited. 
The introduction of THz polarization information into 
real-time precisely improve the potentiality of THz 
real-time imaging techniques. The work promotes the 
development of THz imaging in biological imaging 
and major research studies. 
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