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Transmission electron diffraction (TED) has been widely used to characterize nanocrystalline materials 

due to its high sensitivity to local structure and ability to focus electron beam to nm or sub-nm size [1-5]. 

By controlling the built-in TEM deflection coils with a DigitalMicrograph® script, we can scan the nano-

beam across desired sample area and acquire a series of diffraction patterns over a region of interest. This 

technique is called scanning electron nanodiffraction (SEND) [6,7]. Recently, 3D-SEND is developed as 

a new SEND-based technique to determine 3D morphologies and orientations of grains in nanocrystalline 

materials, which can work with chemically homogeneous samples with grains of different orientation [8], 

as well as chemically inhomogeneous samples. 

 

The big dataset for 3D-SEND (~1,000 patterns for one angle and ~30,000 patterns in total for an example) 

requires a fast and robust algorithm to identify the diffraction peak positions. Previously, a template 

matching process is utilized to find the diffraction peaks [9]. A cross correlation map is calculated for each 

diffraction pattern with a spot template, where local maxima are determined to be the position of the 

diffraction spots. This technique works well for most of the experimental data, but may also cause 

discernable error when diffraction spots vary in size or are irregular in shape (see Fig. 1(a)).  

 

Here we propose a new algorithm to identify peak position in SEND data. Seeing the diffraction spots as 

circles with different radii, we employ the edge detection method in computer vision by applying a edge 

filter to the original diffraction pattern [10]. After edges are detected, a circular Hough transform (CHT) 

is carried out by creating an accumulator matrix and determining the center of the circle by a “voting” 

process [11]. An example of this detection process is shown in Figs. 1(a-c). This technique still is not 

perfect due to the fact that circles may not be successfully detected when the spot intensity is too low. 

Thresholding and binarizing the original diffraction pattern before performing the edge detection improves 

the result. An example in which all diffraction peaks, both strong and weak or irregular, are detected can 

be seen in Figs. (d-f). Various filters and modification to the process have been tried to find the best 

condition for accurate peak identification, which will be reported here [12]. 
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Figure 1. (a) Typical irregular shaped diffraction spot. (b) Edges detected using Sobel filter from (a). (c) 

Blue circle denotes the circle detected after circular Hough transform. (d) Typical diffraction pattern of Si 

in [110] zone axis. (e) Edges detected from (d) after image binarization. (f) Diffraction peaks detected 

from (d). 
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