
 

 

Abstract 
 
LARS - a root segmentation method and software tool was 
developed to allow the recovery of fully-developed root 
systems of plants grown in soil. The method is built on a 
particle level set framework using a tracking-based 
strategy to follow root cross-section through low 
resolution X-ray micro computed (µCT) image data. The 
method was tested on image data of spring wheat plants 
that were grown outside under natural conditions and 
scanned at harvest stage. 
 

1.  Introduction 

X-ray micro computed tomography (µCT) has become a 
versatile laboratory tool for soil and plant root studies, 
allowing among others the examination of roots in relation 
to different physical properties of growth media [1] 
including their effects on macro-pores [2], the 
investigation of root-root responses to inter- and intra-
specific interactions [3], and the analysis of root hydraulic 
properties [4]. While for many of these studies the 
application of high-resolution scans is pivotal, it places 
restrictions on sample size and with it the developmental 
stage of the plant. However, when the focus of the research 
shifts towards plant maturity, larger columns have to be 
used which compromises the resolution of the data. This 
has implications for the recovery of root system 
information, in that the size of root cross-section is 
reduced to a few pixels. As a result there is less descriptive 
information representing root material, making it more 
susceptible to noise and image artefacts. In this lower 
resolution data, connectivity of individual roots is not 
guaranteed. Moreover, in order to ensure penetrability of 
X-rays through the larger columns, an increased energy 
needs to be applied, which in turn impacts image contrast 
[5]. All these attributes pose completely new challenges 
for the recovery of plant root systems from soil in X-ray 
µCT images. In this work we present a segmentation by 
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Figure 1: Recovered root systems of fully-developed wheat plants
from X-ray µCT image data using LARS 



 

 

tracking method (LARS – Large Aperture Root 
Segmentation) that addresses these difficulties and allows 
the recovery of fully developed soil-grown plant root 
systems by following root cross-sections through a low 
resolution X-ray µCT image stack. 

2. Methods 

LARS follows a tracking-based strategy built on the 
particle level set framework [6], which uses a combined 
Lagrangian/Eulerian scheme for the advancement of the 
moving interface. The advection of the particles assists the 
level set interface in conserving its area for under-resolved 
regions [6], which is particularly important when using the 
framework for boundary detection and tracking of small 
objects. The level set interface evolves based on an 
underlying vector field, which is defined as a gravitational 
pull towards features matching the root object’s 
appearance model. This vector field allows the interface to 
bridge gaps as it evolves from one object’s location to the 
next between images, while being attracted to the nearest 
candidate with the highest similarity. A vector field that is 
solely defined by orientations towards most likely target 
candidates, however, will violate the requirement of a 
solenoidal field [7]. It is therefore updated after each level 
set iteration by solving the pressure equation to form a 
divergence-free vector field that allows smooth 
propagation of the interface [8]. To reduce computational 
complexity, motion and variability is modelled by a 
Gaussian-Wishart distribution that defines the search-area 
in which features and the corresponding vector field are 
calculated [9]. An interface is evolved within an image 
until it best matches the target object and is continued 
across images thereafter to track a target object through a 
stack of images. 

3. Conclusion 

The presented method was tested on root systems of 
fully-developed spring wheat plants after reaching harvest 
stage. The plant were grown outside under natural 
conditions from early spring (March) through to early 
autumn, using columns of 100 cm height and 20 cm 
diameter filled with a mix of sandy loam and silver sand at 
a ratio of 70:30. The scanning of the sample took place in 
October. The image data was acquired at a resolution of 
150µm using a custom-build GE v|tomex|L X-ray CT 
system. Root objects were manually initialised with a 
tracker in the first frame in which they were visible, and 
tracked until the column boundaries were reached. Some 
of the recovered root systems are shown in figure 1. 
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