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The scanning electron microscope (SEM) has been successfully used as an analysis tool for 
micro scale materials in the last few decades [1]. Recently, the large chamber (LC) SEM at Y-12 
has demonstrated useful results in the analysis of large specimens at nano scales. This paper 
summarizes the research efforts conducted by UT and Y-12 in applying state of art 3D computer 
vision techniques to LC-SEM imaging, particularly 3D reconstruction and modeling [2]. In such 
a way, two or more LC-SEM images taken under appropriate condition (for example, with small 
changes in tilt angle), combined with knowledge of the imaging process, can be used to infer the 
3D structure of the specimen automatically.  
 
The assumption of this research is that the imaging mechanics of the LC-SEM (and SEM in 
general) can be modeled by a projective transformation under certain conditions. Based on this 
assumption, we have developed a set of algorithms that implement the state of art in 3D 
reconstruction techniques. (The pipeline is illustrated in Fig. 1) First, sparse feature points are 
extracted automatically and a robust statistical inference method is adopted to estimate the 
epipolar geometry inherent in the multiple images. With the knowledge of the epipolar geometry, 
the dense matching between different views of the scene is established using a graph cut 
algorithm [3]. Prior to this algorithm however, image rectification is applied as a pre-processing 
step to reduce the search for point correspondence to a 1D line. At the same time, the parameters 
of the projective transformation are inferred to calibrate the sensor. Finally, the textured 3D 
surface model is reconstructed from the dense matching provided by the graph cut algorithm. 
 
Two sample images of an Al-Nb impact fracture (Figs. 2(a) and 2(b)) are collected with EHT 
15.00 kV and WD 31mm with the Y-12 LC-SEM. These images differ with a tilt angle of 6.0 
degrees between them. These images and the results shown validate the proposed technique. The 
disparity map generated is shown in Fig. 2(c). The 3D surface model is illustrated using a color 
map in Fig. 3(a) with the metrics of the sample estimated. Using the texture map detected by the 
energy dispersive spectrometer (EDS) (Fig. 2(d)), the textured 3-D model is generated and shown 
in Fig. 3(b). The 3D distribution of NbL and AlK is shown clearly on the textured rendings. 
 
For future work, we plan to further enhance the noise tolerance of the software algorithms and 
improve the estimation accuracy of the surface models.  
 
References 
[1] C. Kammerud, B. Abidi, and M. Abidi, Microscopic Microanalysis, 11 (2005) 636. 
[2] R. Hartley and A. Zisserman, Multiple View Geometry in Computer Vision. 2nd ed., 

Cambridge University Press, Cambridge, 2004. 
[3] Junhwan Kim, et al., Visual Correspondence Using Energy Minimization and Mutual 

Information. Proc. Of Intl. Conf. on Computer Vision (2003) 1033-1040 
[4] This research was supported by the DOE University Program in Robotics under grant DOE-

DE-FG02-86NE37968 and BWXT-Y12 Subcontract #4300056316. The input images are 
provided by Y-12 national security complex. 



 

 
Fig. 1. The pipeline of the 3D reconstruction software based on multiple view geometry extracted 
from LC-SEM images. 
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Fig. 2. Sample input images and results of the software. (a) and (b) are a rectified stereo image 
pair captured by the Y-12 LC-SEM. (c) Disparity map generated using a graph cut stereo 
algorithm. (d) The texture map captured by the EDS sensor. 
 
 

            
 
Fig. 3. The results of 3D modeling and analysis. (a) The 3D surface model with a color map 
showing estimated metrics. (b) The textured 3D model with the EDS overlay. 
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