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Abstract: In this paper firstly the input images (which are a SADP of Ni Ti based thin film taking using 

HRTEM) have been segmented out from the background and clearly get the six rings patterns. Using HRTEM 

instrument the selected area diffraction pattern (SADP) of the film have been obtained. Then these rings are 

indexed carefully. To index a selected area diffraction pattern it is necessary to assign miller indices, {hkl} to 

each ring. It can be done by determining the ring diameter and then comparing the ratio of radius with the inter 

planner spacing. Another process of indexing has been done from the peak positions of x-ray diffraction pattern.  
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I. Introduction 
MEMS stand for micro electro mechanical system. Basically MEMS are small integrated device or 

structure that combines electrical and mechanical components. The typical size of MEMS is 1- 100 µm like 

human hair thickness (50µm), red blood cells (10µm) etc. Materials like polymers, metals, ceramics, and silicon 

have been used as MEMS material. Here Ni Ti shape memory alloy have been used as MEMS sample. Ni Ti 

based alloys has been chosen because it is a practical shape memory alloy with high strength and ductility [1-5]. 

It also has the property like pre-transformation behaviors. Depending on how good eyes are, the smallest 

distance between two points that can be resolve with human eyes is about 0.1 – 0.2 mm, is called the resolution 

or resolving power of human eyes. So any instrument that can show pictures or images revealing detail finer 

than 0.1mm is known as a microscope and its highest magnification is governed by its resolution. Transmission 

electron microscope (TEM) can continuously gives information in real space and reciprocal space. This 

instrument has been used because using TEM both the diffraction pattern and the image of the specimen from 

the common part can be obtained. High resolution means ability to see two closely spaced features in the sample 

as distinct. HRTEM is an instrument for high-magnification studies of nano materials. High resolution makes it 

accurate for imaging materials on the atomic scale. HRTEM is a phase-contrast imaging technique, which 

makes it able to obtain images with atomic resolution. It can be used to investigate the crystalline structure of 

the sample, including identification of lattice planes and some defects. It is a crystallographic tool that can be 

used to identify crystal phases and orientations [6-8]. 

Here images of selected area diffraction pattern of a Ni Ti based thin film have been taken using 

HRTEM which is shown in figure 1. 

 

 
Figure 1: Selected area diffraction pattern of HRTEM of a Ni Ti based thin film. 

 

Ni Ti shape memory alloy also known as „Nitinol‟ alloys. This „Nitinol‟ alloys have been made 

amorphous over a wide composition range by sputter deposition ion implantation and electron irradiation 

technique etc. These alloys have very important properties for medical and technical application. Images and 

selected area diffraction pattern (SADP) of the sputtered and ion implanted sample [9-11] were recorded on 

photographic film with 120 or 200 kv TEMs. Material image processing is the basic step to analyse images and 
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extract data from them. Basically image segmentation is an important part of material image processing. Using 

image segmentation process an image have been cluster into different disjoint parts by groping the pixels to 

form a region of homogeneity based on the pixel characteristics like colour, gray level, texture, intensity and 

many other features. The main goal of image segmentation is to clearly differentiate the object from the 

background in an image [12-13]. The simplest process of image segmentation is the thresholding. It helps to 

enhance and detect the object from the original image. In thresholding process each pixel in an image is 

represented by some black and white pixel. Some fixed value has been considered as the threshold value. Now if 

the image intensity is less than the fixed threshold value then that pixel will be black otherwise it will be white 

pixel [14]. Image enhancement is the process in which the more suitable and clear image than the original one 

can be obtained. Actually enhancement of image is the process of sharpening the image feature by intensity and 

saturation transformations, contrast enhancement, edge enhancement, slicing, producing synthetic stereo image, 

making digital mosaics etc [15-16]. There are various noise removal techniques are available in image 

processing. Depending on the type of the noise the appropriate noise removal technique have been chosen. It is 

very important to choose what type of filter should be use to remove what type of noise [17-18]. When noise 

added with the original image thresholding process becomes very complex so that the right threshold value 

cannot be obtained. Binarization is the process of finding the appropriate threshold value [19-21]. Every 

crystalline solid has its own unique characteristics. Actually structure determination is the process of knowing 

how the atoms pack together in the crystalline state and what is inter atomic distance, what is the angle etc. The 

shape and size of the unit cell for any compound can easily be determined. This is called indexing. Basically 

indexing is the process of obtaining crystallographic data from a specimen of material [22-25]. 

 

II. Methodology 

 
Figure 2: Flow chart of the total process from MEMS sample to crystal plane determination. 

 

2.1. Material image processing 

Material image processing is the process that describes any images of any material in so details that can 

investigate and analyse the material in molecular scale. Using this process an object can be separated from other 

in an image, also the shape, size and colour of the original image [12-13] can be changed. This process 

combines different image processing task like image enhancement, noise removal, binarization, separation of 

different ring patterns etc. 

 

2.2. Image Enhancement 

Image enhancement is use as pre-processing tools in image processing technique. Image enhancement 

is the process in which the more suitable and clear image than the original one has been obtained. It is a very 

easy process. For example it can be said that if the image may lighter or darken, increase or decrease the 

contrast then the processed image become more suitable and accurate than the original one. This is also known 

as enhancement of image. Actually enhancement of image is the process of sharpening the image feature by 

intensity and saturation transformations, contrast enhancement, edge enhancement, slicing, producing synthetic 

stereo image, making digital mosaics etc. As a result the selected feature can be easily detected from the original 

image [15-16]. Image enhancement alters the image impact on the viewer. In image enhancement process the 

restoration process is very important because it distorts the original digital values. 
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2.3. Noise Removal 

It is known to all that any unwanted information present in a data is called noise. Noise has very vital 

impact on the image processing technique. In an image noise may added from many sources. An image may 

contain speckles, stains, dots etc. These are called noise. In image processing technique the digital image 

converts the optical signal into electrical signal and finally into digital signal. In this conversion process noise 

easily enter in the digital image. So noise removal is very important task in material image processing [17-18]. 

There are various noise removal techniques are available in image processing. Depending on the type of the 

noise the appropriate noise removal technique have been chosen.  

 

2.4. Binarization 

The simplest process of image segmentation is the thresholding. It helps to enhance and detect the 

object from the original image [14]. But when there is a noise with the original image then the thresholding 

process become very complex. If the right threshold value cannot be selected then the detection of the correct 

pixel value of the background cannot be done. As a result there will be mismatch and degradation in the total 

system performance. So it is very important to choose the correct threshold value. Binarization is the process of 

finding the appropriate threshold value. There are several methods of image binarization such as entropy method 

[19], minimum error method, means threshold method, analysis method etc [20-21]. 

 

2.4. Separation of Different Ring Patterns 

When the binarization has been completed, the correct threshold value has been chosen and enhances 

the rings in the original image. Then the separation of those rings using some image processing software 

becomes very easy. After this separation of these rings each ring appears more specifically. Since each ring 

become more specific than in the original image after separation, the next experimental task become very easier. 

So easily the ring diameter has been measured. As a result the indexing process of those ring become simple. 

The segmented rings are shown in the figure 3.   

 

 
Figure3: Separated rings are: (a) radius 1.5x10

7
 nm (b) radius 1.7x10

7
 nm (c) radius 2x10

7
 nm (d) radius 

2.5x10
7
 nm (e) radius 3x10

7
 nm (f) radius 3.8x10

7
 nm. 

 

In case of ring pattern the diameter of each ring is the characteristic of the spacing of the reflecting 

planes in the crystal. At first the determination of the centre of those concentric circles has been done. Then the 

measurement of the ring diameter using some image processing technique has been done. Actually the 
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difference between two diameter of two successive ring is the inter planner spacing which is denoted by d. As 

the rings diameters are measured our next step is to indexing the rings. 

 

2.5. SADP Indexing 

Selected area diffraction pattern (SADP) is employed to select the interest of specimen to obtain its 

diffraction pattern that is projection of the reciprocal lattice of interest. In SADP, the brightest spot usually 

appears in the centre of the diffraction pattern. Basically one projected SADP can provide two dimensional 

crystallographic data, like two axes of the lattice parameters. To obtain complete crystallographic information it 

is necessary to tilt the sample to obtain a series of SADPs [9-11]. There are different methods of indexing 

SADPs. These are “comparing the ratio of ring diameter with the inter planer spacing”, “start with zone axis” 

and “start with diffraction pattern” etc. 

Indexing is the process of determining the unit cell dimension. It can be done by determining the ring 

diameter and then comparing the ratio of radius with the inter planner spacing. Another process of indexing is 

done from the peak positions of x-ray diffraction pattern. It is not just the simple reverse of calculating peak 

positions from the unit cell dimension and wavelength. To index a powder diffraction pattern it is necessary to 

assign miller indices, {hkl}. Indexing is always the first step of analysis [22-25].  A diffraction pattern cannot be 

analyzed until it has been indexed. Basically indexing is the process of obtaining crystallographic data from a 

specimen of material. 

 

III. Result & Discussions 
The experimental thin film material is Ni Ti. Now the following procedure have been followed to index 

the ring pattern – 

a) Firstly the ring diameters have been measured. Suppose Rn. 

b) Then determinations of the square of diameters of the outer rings to that of the first or second ring have been 

done. 

Suppose the square of diameters of the outer rings to that of the first ring is (Rn/R1)
2
. Where Rn is the diameter 

of the outer most ring and R1 is the diameter of the inner most ring. 

c) Finally the ratios against the table of ratios of the inter planner spacing for the crystal structure of interest 

have been checked. 

Comparing the ratios against the table of ratios of the inter planner spacing for the crystal structure of interest it 

can be decided that the crystal under study is simple cubic crystal. The indexed separated rings are shown in 

figure 4. 

 

 
Figure 4: Indexed separated rings are: (a) radius 1.5x10

7
 nm -200 (b) radius 1.7x10

7
 nm -220 (c) radius 2x10

7
 

nm -330 or 211 (d) radius 2.5x10
7
 nm -222 (e) radius 3x10

7
 nm -411 or 330 (f) radius 3.8x10

7
 nm -420. 
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Now the indexed ring pattern of the selected area diffraction pattern of HRTEM of a Ni Ti based thin 

film have been presented which is shown in figure below. 

 

 
Figure 5: Indexed selected area diffraction pattern of HRTEM of a Ni Ti based thin film. 

 

IV. Conclusion 
Using HRTEM the SADP of thin film have been obtained. There is no requirement of any XRD 

pattern. In this project firstly the rings from the original image are segmented. Then six rings from the original 

image have been obtained. Finally the ring patterns are indexed using the method of comparing the square of 

ratios of the ring diameter with the inter planner spacing d. Finally indexed the rings as 1
st
 ring 200,2

nd
 ring 220, 

3
rd

 ring 330 or 221,4
th

 ring 222,5
th

 ring 411 or 330,6
th

 ring 420 from centre to outer direction respectively have 

been done. 
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