
Automated quantitative analysis of silica nanorod 
dimensions via watershed segmentation 

Pathways to reduce the confounding caused by 
nanorod overlap: 
•  Using more alcohol or more volatile solvents to 

prepare the samples  
•  Exploring other segmentation methods to use in 

conjunction with watershed segmentation 
 
This project and the corresponding Matlab program 
serve as a proof-of-concept to demonstrate the 
viability of automated programs for nanorod 
measurement.  
•  Under optimal conditions with minimal overlap, the 

program can estimate nanorod dimensions to 
confirm the impact of different synthesis conditions 
or starting materials 

•  This automated quantitative analysis can accelerate 
future work regarding iron doping of silica nanorods 
or the creation of hollow nanorods  Methodology 
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Manual analysis is conducted with ImageJ.  
•  The automatic method tends to have lower 

averages than the manual method 
•  Average and SD of length and diameter for both 

methods are displayed in Figures 2 and 3, 
respectively (below) 

At the 95% confidence level, there is no statistically 
significant difference in average length, but there is a 
difference in average diameter.  

Fig. 1. Image analysis process. A) Original image. B) 
Split with binary particles. C) After distance 
transformation. D) Watershed with RGB labels. E) Over-
segmented image. F) Final image with oriented boxes. 

Fig. 4. Overlaid image 
with minimal nanorod 
overlap. 

Fig. 2. Average nanorod 
l e n g t h a n d s t a n d a r d 
deviation for manual and 
automatic methods. 

Fig. 3. Average nanorod 
diameter and standard 
deviation for manual and 
automatic methods. 

Despite initial results, more optimization is necessary.  
•  Shadows caused by overlapping nanorods hinders 

the image segmentation process, as in Figures 4 
and 5 (below) 
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Automation of the analysis process can aid in 
recognizing the impact of synthetic changes. 
 
Objective: Design algorithm to efficiently measure 
silica nanorod dimensions. 

Silica nanorod introduction and alignment in polymeric 
materials impacts material properties. 
•  Nanorods are anisotropic, enabling directional 

control of properties [1] 
•  Paramagnetic materials can be integrated into 

nanorods to enable orientation control with 
magnetic fields [2] 

However, size analysis of nanorods is challenging. 
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Fig. 5. Overlaid image 
o f dense ly -packed 
nanorods. 
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