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A B S T R A C T  

   

A new method is introduced here for root detection in minirhizotron images for root investigation. In 
this method, a hypothesis testing framework is defined first to separate roots from background and 
noise. Then, the correct roots are extracted by an entropy-based geometric level set decision function. 
Performance is evaluated on real captured images in two different scenarios. In the first scenario, 
images contain several roots while the second scenario belongs to no-root images, which increases the 
chance of false detections. The results demonstrate better capability of the proposed method in root 
detection compared to the present approaches in all the cases investigated. Furthermore, it can be 
shown that better detection of roots in the proposed algorithm not only does not lead to extracting more 
false particles, but also it decreases rate of false detections compared to the existing algorithms. 
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1. INTRODUCTION1 
 
The root morphological traits are one of the most 
important parameters for monitoring growth procedure 
of many plants [1]. Therefore, some details of root 
morphology such as its size and distribution must be 
frequently observed under natural growing conditions 
[2]. The main difficulty in such investigation is that the 
roots are included in the soil and cannot easily be 
separated from it.  

For many years the root parameters have been 
studied by utilizing soil core sampling methods [3]. 
These methods can provide precise information about 
root parameters. However, they are destructive and time 
consuming [3, 4].  

Rhizotrons are high-technology equipment for root 
observation under natural conditions without soil core 
sampling. They utilize transparent walls and specially 
designed microscopes for extracting details of root 
morphology [5].  Rhizotron is an expensive equipment, 
so it is supplanted by minirhizotron which is a 
combination of camera and transparent plastic tube. 
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This set is buried at an angle in soil near the plant, so 
the minirhizotron images just represent a small cross-
section through the soil. As the root often has a spatial 
distribution, a large number of minirhizotron images 
may be required to study all of the root parameters. The 
most critical part of root investigation by using these 
images is to extract root completely from images which 
leads to accurate estimation of root parameters [6, 7].  

Several methods have been used for root detection in 
minirhizotron images with the oldest one being manual 
detection by an expert. Unfortunately, this method is 
labor-intensive and its performance is degraded by 
human errors. Therefore, the automated methods have 
been substituted for processing these  images [8].  

The main challenges which limit the performance of 
the automated methods are: the low contrast of captured 
images, presence of bright background objects which 
may be detected as roots, and finally the possible 
changing brightness at different parts of root which may 
be interpreted as root splitting [9]. Several approaches 
have been proposed to solve automatic root detection 
problems. Thresholding is one the most popular 
methods for image segmentation [10], so some 
researchers used several types of global and local 
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thresholding techniques for root detection in 
minirhizotron images. Unfortunately, these methods are 
unable to extract roots accurately because background 
objects have the same intensity distribution as the roots 
and the resulting histograms do not possess the desired 
bimodal [11, 12]. Other methods try to obtain the 
bimodal histograms by improving the contrast in 
images. For example the contrast stretching algorithm 
ensures that only a few root pixels and some bright 
background objects are left in the intermediate gray 
level. This idea is not suitable for large number of 
minirhizotron root images taken from various 
backgrounds and recorded with different luminance and 
exposure levels [13]. Another group of methods include 
region- based root detection. The main limitation of 
these methods is their low detection rate due to the low 
contrast of roots and background soil in minirhizotron 
images [14]. 

Some approaches utilize geometric features of roots, 
to reduce detection of no-root objects (i.e., false 
positives). The minimum root length (MRL) method is a 
suitable example for such methods. This method is 
based on the assumption that bright objects with 
skeletons shorter than the experimentally determined 
MRL must be considered as background.  Although this 
method may remove some no-root objects, but some 
short roots may be eliminated by such a filter and this 
method cannot completely detect all roots [15].   

In other investigations artificial neural networks 
have been utilized to identify roots in minirhizotron 
images. This approach provides excellent results when 
applied for identification of roots which the neural 
network has been trained with. However there is a 
considerable decrease in detection rate when the neural 
network is applied to other images on which it had not 
been trained [16]. 

Some recent methods utilize the local entropy 
followed by image morphologic operators to separate 
roots from background [17]. Despite considerable 
potential of these approaches in extracting some parts of 
roots, these techniques lead to fragmented roots. 
Furthermore, simple morphologic operators cannot 
prune background pixels which are included as a part of 
roots (e.g. false detections).  

In this paper a new method is introduced which 
detects roots in minirhizotron images by using entropy 
based level-set segmentation. In the proposed method, 
the dependency of each pixel in captured image to root 
or background is modeled by using hypothesis testing 
framework. To assign the pixel to one of the above 
hypotheses, a decision function is constructed using an 
entropy-based geometric level set model. Utilizing level 
set concept enables the proposed algorithm to detect 
roots in low contrast minirhizotron images without 
splitting them unlike the existing methods. This leads to 
reduced detection of no-root objects without losing 
correct roots.  

The paper is organized as follows. In Section 2, the 
proposed algorithm is introduced including hypothesis 
testing framework, estimating entropy from gray level 
co-occurrence matrix and constructing the energy 
function which leads to extract edge-based level set. In 
Section 3, the performance of the proposed method is 
evaluated in two different scenarios based on real 
minirhizotron images. In Section 4, the results obtained 
from the experiments are compared with those of the 
existing methods using their effective parameters. 
Conclusion is presented in the last section of the paper. 
 
 
2. MATHEMATICAL MODEL 
 
Suppose I as a minirhizotron image that contains root, 
soil and several underground particles which the two 
latter parameters is called background in this article. For 
each pixel of I it can be written: 

JjLl)j,l(IIlj ≤≤≤≤= 11    (1) 

In the above equation, 
ljI is brightness of a pixel in I

which is located in row l and column j , respectively. 
Also, L  and J  are the image sizes. Dependence of the 
pixel ljI to the background and noise ( 0H ) or its 

dependence to the root ( 1H ) is determined defining 
hypothesis testing Equation (2):  
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 In the above equation, ljr , ljc  and ljn show the root, 

background and noise components in ljI  respectively. 
Assume that I  has N  gray levels denoted by

{ }1,...,2,1,0 −= Nβ  which constructs 1-D histogram of I . 
But, this 1-D histogram neglects the correlation among 
gray levels of root and background which is vital in 
segmentation of I . In order to resolve this problem, the 
co-occurrence matrix is introduced which is a square 
matrix as: NNkzwW *][=  in which kzw is the numbers of 

transitions between all pairs of gray levels in β . The 
above parameter is defined as [18, 19]: 
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The transition probability from gray level k  to gray 
level z is obtained as: 
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Let T be a threshold used to separate root from other 
particles in minirhizotron image I . Therefore, it 
partitions co-occurrence matrix into four quadrants as

1A , 2A , 3A  and 4A . These four quadrants can be 
clustered into two classes. Let pixels with gray levels 
above the threshold be assigned to the root and those 
equal to or below the threshold ,to the background. 
Therefore, 1A  and 3A  show local transitions within 
background and root, which are called local quadrants. 
The quadrants 2A  and 4A  represent joint transitions 
across boundaries between background and root which 
are called joint quadrants. The probability of each 
quadrant is:  
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Suppose the threshold T  to be applied to the original 
image I and lead to processed image 'I . Now, the 
transition probabilities of I are shown as NNkzgG *][= , 

and for the 'I  as NNkz
TT xX *][= , where kz

Tx  has the 

similar definition as kzg . The second-order cross-
entropy of the above gray-level transition probabilities 
is defined as [20]: 
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The above entropy is used to measure the information 
distance between the original image I and the processed 
(e.g. thresholded) image 'I . Therefore, the smaller this 
entropy is, the closer the two images are in terms of 
their probability distributions.  Based on this fact, it can 
be concluded that minimization of ),( TXGE over T 
generates 'I in such way that best matches I . Let all 
gray levels above T be called }1,...,2,1{1 −++= NTTβ
and all gray levels equal to or below T  called

},...,1,0{0 T=β . So, 1β  and 0β  are partitioned sets of 

β  that had been introduced before. Assuming that gray 

levels in 1β  and 0β are uniformly distributed in their 

respective regions, the resulting T
kzx for each quadrant 

can be found by [21, 22]: 
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where
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constants in each individual quadrant and they only 
depend upon the quadrants  they belong to. To optimize 
Equation (7) which leads to obtaining the best value of 
T , firstly it is expanded as: 
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In the above equation, )(' GE  is the entropy of the 

probability matrix G and is independent of T , so 
)(" TE  is only threshold-dependent part of entropy. As 

mentioned before, the best T is the one that yields the 
smallest value of ),( TXGE . However, minimization of 

),( TXGE  in Equation (9) is equivalent to maximizing 
the second term of the right-hand-side of this equation, 
which can be further reduced to: 
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Therefore, the threshold value T that maximizes (10) is 
found as: 
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Let the result of thresholding by T  be a processed 
image 'I which is defined as: 



 >=

otherwise
TIII ljljlj

0

'
 (12) 

Let the edge indicator d be defined for the thresholded 
image 'I  as:  

2'*1
1

ID
d

σ∇+
=  (13) 

where 
σD is a Gaussian kernel with a standard deviation 

σ . The convolution term 2'* IDσ∇ acts as smoothing 

filter for noise reduction. The edge indicator d usually 
takes smaller values at object boundaries than at other 
locations. 
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Supposing φ  as the level set function (LSF) on 'I , the 
energy function

 
can be defined as: 

)()()()( φαψφληφµφ ddpRO ++=  (14) 

in which 0>µ is a constant and )(φpR is the level set 
regularization term defined as: 

dXpR
Ip ∫ ∇=

'
)()( φφ  (15) 

where )( φ∇p  is potential function which is defined as: 
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Based on Equations (15) and (16), it is clear that )(φpR
has a minimum point at 1=∇φ .  
In the second and third terms of Equation (14), 0>λ
and R∈α  are the coefficients of the energy functions 

)(φηd and )(φψ d
which are defined as: 

dXd
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where (.)δ  and (.)H  are the Dirac and the 
Heaviside functions, respectively. Using these 
functions, the energy )(φηd computes the line integral 

of d along the zero level contour ofφ . This energy is 
minimized when the zero level contour of φ is located 
at the object boundaries [23]. 

The energy functional )(φψ d computes a weighted 

area of the region )}0)(:{' <= ssI φφ  and is introduced 
to speed up the motion of the zero level contour in the 
level set evolution process, which is necessary when the 
initial contour is placed far away from the desired object 
boundaries.  

In this paper, we use LSFs that take negative values 
inside the zero level contour and positive values outside. 
In this case, if the initial contour is placed outside the 
object, the coefficientα in the weighted area term 
should be positive, so that the zero level contours can 
shrink in the level set evolution. If the initial contour is 
placed inside the object, this coefficient should take 
negative value to expand the contour.  

In practice (.)δ and (.)H  in Equations (17) and (18) 
are approximated by the following smooth functions 
[24, 25]: 
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Substituting above functions in main Equation (14), 
energy is approximated by: 

dS)(dH

dS)(ddS)(p)(O

'I

'I'I

∫
∫∫

φ−α

+φ∇φδλ+φ∇µ=φ

ε

εε

 (21) 

This energy can be minimized by solving the following 
gradient flow: 

)(d

)d(div).())((div.
t p

φδα+

φ∇
φ∇

φλδ+φ∇φ∇θµ=
∂
φ∂

ε

ε
 (22) 

where (.)div is divergence operator and pθ is a 
function defined as: 
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where )(' φ∇p is derivative of function )( φ∇p  which 
has been introduced in Equation (16).  
Now dependence of a pixel to background and noise ( 0H) 
or to root ( 1H ) is determined by combining Equations (2) 
and (22) as:  







++=⇒∈

+=⇒∉

ljljljljlj

ljljljlj

ncriiH

nciiH

φ

φ

:

:

1

0
 (24) 

 
 
3. TESTS AND RESULTS 
 
The proposed algorithm was applied to real data. The 
data set was several minirhizotron images where half of 
them contained various types of roots and the remaining 
half were no-root images composed of background 
objects or dead roots. Table 1 depicts some important 
parameters corresponding to images (e.g. number, 
contrast and size) and some parameters of roots which 
these images belong to (e.g. type, length and width of 
roots).  More detail about the dataset can be found in 
[17].  The proposed method was implemented using 
Matlab 2009. Additionally, Entropy Thresholding 
Algorithm (ETA) [17], Minimum Root Length (MRL) 
[15], Region Based Root Detection (RBRD) [14] and 
Histogram Thresholding Algorithm (HTA) [12] were 
implemented to compare with the proposed algorithm. 
For brevity some results of the proposed, ETA and HTA 
methods are graphically showed in this part of article, 
but the complete statistics of the test results will be 
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discussed in part 4.  The captured videos were first 
processed using manual detection to obtain a ground-
truth detection to compare the automatic methods with. 
Then roots were detected by applying the proposed and 
other algorithms. Finally, performance of each 
algorithm was determined by comparing its results with 
manual detection. The complete extraction of roots is 
essential to compute their parameters, so, each detection 
was considered as a correct root only if at least 90% of 
its pixels had been extracted same as manual detection. 
 
3. 1. First Scenario     In the first scenario the 
implemented algorithms were applied on images which 
had been captured from root-contained scenes. Figures 
(1-b), (1-c) and (1-d) show results by utilizing three 
algorithms on image shown in Figure (1-a). It can be 
seen in (1-b) that the HTA has extracted the correct root 
but with great number of extra pixels (note bottom of 
root);, also this algorithm has extracted a completely 
false root. Figure (1-c) shows that result obtained from 
ETA. This result contains the partitioned correct root as 
two separated roots and furthermore some parts of root 
have become loose The result of applying the proposed 
method has been shown in Figure (1-d) which implies 
the complete extraction of correct root neither with false 
detections nor splitting effect. 

Figure (2) shows another type of results. Figure (2-
b) shows that the HTA has extracted one of totally two 
roots existing in Figure (2-a). Note that this root is 
extracted with some extra pixels and so it may cause 
some errors in extracting geometric features of root. As 
shown in (2-c) ETA also has extracted both roots, but 
the second root has been extracted in fragmented parts.  
Although (2-d) shows that the proposed algorithm has 
extracted both roots better than the other two 
algorithms, but still the second root has been detected 
incompletely. 
 
3. 2. Second Scenario     The existence of some bright 
background objects which can be detected as roots is one 
of the challenges in root detection problem. Therefore, in 
this scenario those images were examined which have 
been captured from no-root scenes. An example for such 
images is shown in Figure (3-a). Figure (3-b) shows the 
result which has been obtained from processing (3-a) by 
HTA with a false detection. But as shown in (3-c) and 
(3-d), ETA and the proposed algorithm have had no false 
detections. 
 
 
4. PERFORMANCE MEASURES 
 
Real data were analyzed using ETA, MRL, RBRD, 
HTA and the proposed method and the results were 
compared with manual detection ones using two 
standard parameters. The first parameter was defined as 

the probability of correct association of pixels to valid 
roots which is called the probability of detection as: 

)|( 1HIPP ljD φ∈=  (25) 

This parameter was estimated as:   
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The second evaluation parameter was the probability of 
associating the pixels to incorrect roots which is called 
false alarm probability: 

)|( 0HIPP ljfa φ∈=  (27) 

This parameter was estimated as:   
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∑
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Using the mentioned parameters, changes of detection 
rate versus false detection rate (e.g. ROC curve) have 
been obtained for both scenarios and all examined 
methods as shown in Figure (4). This figure shows the 
superiority of the proposed method compared to other 
four examined algorithms. For better interpretation of 
results,

 %5=faP  and %90=DP  were considered as 
typical acceptable values for false detection and 
detection probabilities and Table 2 was constructed 
from Figure (4). The performance of algorithms may be 
compared using other arbitrary thresholds for acceptable 

faP  and DP  by using Figure (4) in the same manner.  
As shown in Table 2, the proposed algorithm has 

achieved detection rates of 19%, 24%, 28% and 42% 
better than ETA, MRL, RBRD and HTA methods 
respectively, versus 5% of false detection. Also, this 
table shows that the detection rate of the proposed 
algorithm reaches 90% without any false detection, that 
is 20% ,35% , 40% and 45% better than false alarm 
values which have been obtained for MRL, RBRD and 
HTA for the same detection rate. 

 
 

TABLE 1. Specifications of examined minirhizotron images 
and roots 

Value Specification of 
Roots Value Specification of 

Images  

Magnolia 
and Peach Plant Species 100 

frames 
Number of tested 
images 

60 , 490 
pixels 

Min and Max 
length of roots 19% Average contrast 

12 , 33 
pixels 

Min and Max 
width of roots 

480*640 
pixels 

Frame size 
(pixels) 
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Figure 1. (a) - A One-Root hand-labeled minirhizotron image and detection results of (b) - HTA , (c)- ETA and (d)-The Proposed 
Algorithm

   

  
(a)

 
(b)  

The Main Image Result of Histogram Thresholding Algorithm in Root Detection

Result of the Entropy Thresholding Algorithm in Root Detection Result of the Proposed Method in Root Detection

The Main Image Result of Histogram Thresholding Algorithm in Root Detection
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(c)

 
(d)

 
Figure 2. (a) - A Two-Root hand-labeled minirhizotron image and detection results of (b) - HTA ,(c)- ETA and (d)-The Proposed 
Algorithm

  
 

  
(a)

 
(b)

 

  
(c)

 
(d)

 
Figure 3. (a) - A No-Root hand-labeled minirhizotron image and detection results of (b)- HTA , (c)- ETA and (d)-The Proposed 
Algorithm

  

Result of the Entropy Thresholding Algorithm in Root Detection Result of the Proposed Method in Root Detection

The Main Image Result of Histogram Thresholding Algorithm in Root Detection

Result of the Entropy Thresholding Algorithm in Root Detection Result of the Proposed Method in Root Detection
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Figure 4. ROC curves obtained for the proposed (solid line-blue), ETA (dashed line-red), MRL (square line- magenta), RBRD 
(square -cyan) and HTA (dotted- black) algorithms

  
 
TABLE 2. Comparison of the performances of examined 
algorithms 

Examined Methods 
Parameters 

DP  faP  

Proposed 0.95 0 

ETA 0.76 0.2 

MRL 0.71 0.35 

RBRD 0.67 0.40 

HTA 0.53 0.45 

 
 
 
5. CONCLUDING REMARKS 
 
In this paper a new method was introduced for 
automated root detection in minirhizotron images. The 
proposed method first modeled the dependence of each 
pixel to root or background in the hypothesis testing 
framework. Then, the correct hypotheses was 
determined by minimizing the energy function of an 
entropy-based geometric level set model.  

To evaluate the performance of the proposed 
algorithm, two scenarios were considered based on real 
captured images which may or may not contain different 
roots. The performance of the proposed algorithm was 
compared with ETA, MRL, RBRD and HTA in terms of 
detection and false alarm rates. Numerical comparison 
showed better performance of the proposed algorithm in 

root detection compared to the other. From the 
inspection of the ROC curves, it was observed that the 
proposed algorithm has extracted roots at least 19% 
more than the best of all the other examined methods in 
presence of a typically low false detection rate equal to 
5%. Furthermore, it was shown that false detection rate 
of the proposed algorithm was at least 20% less than the 
best of other examined methods considering the 
minimum acceptable detection rate of 90%. These 
results demonstrated that better root detection capability 
obtained by the proposed algorithm not only has not 
increased false detections, but has improved false alarm 
rate instead. Consequently, it can be concluded that the 
proposed method may be used as a suitable alternative 
for detecting roots in minirhizotron images which have 
poor contrast and low SNR. 
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  چکیده

  
شده توسط سیستم مینی رایزوترون ارایه  گرفتههاي گیاهان در تصاویر  در این مقاله روشی جدید به منظور آشکارسازي ریشه

ده از مفهوم ابتدا مساله با استفا ،ها از پس زمینه و نویز موجود در تصاویر در روش پیشنهادي به منظور تفکیک ریشه. شود می
همتراز مبتنی بر آنتروپی تصاویر تعریف  سطوحتصمیمی که با استفاده از  تابعدر گام بعدي . شود آزمون فرضها بازتعریف می

را مشخص نموده و لذا ریشه را از پس زمینه و نویز تصاویر  صحیحمی تواند فرضیه  تابعمقدار این . گردد شود، محاسبه می می
عملکرد روش پیشنهادي با استفاده از تصاویر اخذ شده توسط سیستم مینی رایزوترون در دو سناریوي مختلف . تفکیک نماید

وط به تصاویري است در اولین سناریو تصاویر مورد آزمون شامل ریشه هستند، در حالی که سناریوي دوم مرب. شود آزموده می
حاصل از مقایسه عملکرد روش پیشنهادي و چند روش موجود  حاکی از برتري  نتایج. ریشه اي نمی باشند هیچکه شامل 

به دست آمده نشان می دهند که به موازات  نتایجهمچنین .  هستند صحیحریشه هاي  استخراجروش پیشنهادي این مقاله در 
هاي آزموده شده  به دست  هاي نادرست کمتري را نیز نسبت به سایر روش ریشهن مقاله برتري مزبور، روش پیشنهادي ای

   .دهد می
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