
  

  

Abstract—In this paper, a novel methodology for estimating 
the shape of human biconcave Red Blood Cells (RBCs), using 
color scattering images, is presented. The information retrieval 
process includes, image normalization, features extraction 
using both Histogram of Oriented Gradients (HoG) and region 
covariance features (RCoV); and features dimensionality 
reduction using the Independent Component Analysis (ICA). 
The points of interest (PoIs) are detected using the Harris-
corner detector in order to extract the image features. A 
scheme using adjustable algorithms, i.e. support vectors 
machine (SVM) is adopted in order to fuse the multimodal 
features. A Radial Basis Function Neural Network (RBF-NN) 
estimates the RBC geometrical properties. The proposed 
method is evaluated in both regression and identification tasks 
by processing images of a simulated device used to acquire 
scattering phenomena of moving RBCs. The evaluation 
database includes 23625 scattering images, obtained by means 
of the Boundary Element Method. The regression and 
identification accuracy of the actual RBC shape is estimated 
using three feature sets in the presence of additive white 
Gaussian noise from 60 to 10 dB SNR, giving a mean error rate 
less than 1 percent of the actual RBC shape, and more than 99 
percent mean identification rate in a set of valid RBCs size. 

I. INTRODUCTION 
ed blood cells (RBCs) are the most common type of 
blood cell, filled with hemoglobin, a bio-molecule that 

can bind to oxygen. Several blood diseases change the 
typical size and distribution of red blood cells. Light 
scattering has been used for efficient and accurate 
measurement of the geometrical properties of micro-
particles [1-3]. Real scattering images are obtained using 
devices given in [4-11]. A new low-cost device (Fig. 1) [12] 
for acquisition of scattering images of biconcave-shaped 
RBCs has already been proposed, where digital images are 
derived when a LED beam illuminates the RBCs-flow at 
different positions of the color filter wheel. The device is 
used to estimate the diameter, maximum and the minimum 
thickness of the human RBCs and to identify the RBCs 
geometrical properties using image processing and non-
linear regression techniques. According to the linear theory 
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of light, the acquisition of multiple images for the same RBC 
solution using the low-cost but broad spectrum LEDs and 
color filters produces rich but also redundant information, 
related to wavelength-dependent absorption and scattering 
phenomena. 

 
Fig. 1.  The schematic diagram of the device used to acquire scattering 
images in a RBC-flow according to [12]. 
 
Therefore, in the neural-network based estimator and 
identification system of the RBC geometric properties, 
noise, data reduction and robust feature extraction are 
implemented, preserving and compress the scattering 
information. 

In this work, we employ both Histogram of Oriented 
Gradients (HoG) and Region Covariance (RCoV) features, 
extracted from all locations of a grid on the scattering image, 
as candidates of the primitive feature vector. Support Vector 
Machines (SVM) is applied to primitive feature vector to 
fuse the multimodal features. Since HoG features extracted 
from regions without edges are not effective for 
classification we use points of interest (PoIs) to gather 
training samples only from effective regions of the scattering 
image. The PoIs are salient image patches that contain rich 
local information about the scattering image. A great variety 
of approaches have been developed for the purpose of 
detecting and extracting the PoIs [13-15]. In this paper the 
fast, robust and rotation invariant, Harris detector is used to 
detect the PoIs.   

The structure of this paper is as follows: Section 2 
presents the feature extraction, the feature dimension 
reduction, the feature fusion process and the proposed neural 
regression and identification methods. The evaluation 
process including the numerical experiments, the regression 
and identification results are presented and discussed in 
section 3. A short conclusion is given in the last section. 

II. RBC SHAPE ESTIMATION 
According to [16,17], healthy human RBCs (Fig. 2) have 

an axisymmetric biconcave-shaped geometry with ݖ 
indicating the axis of the symmetry. Typical values of the 
important parameters: diameter ܴଵ, the maximum thickness 
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ܴଶ and the ratio ோయோమ of the RBC (shown in Fig. 2) vary from 
4.5 to 10.5 μm, 1.5 to 3 μm and 0.4 to 0.8, respectively. In 
this framework, two inverse problems are solved using non-
linear regression and identification methods; the first derives 
the three most important geometrical properties ܴଵ, ܴଶ, ܴଷ 
of the RBC as shown in Fig.2, and the second detects the 
RBC type from a finite set of RBC alternatives. 

 
Fig. 2.  A representation of a healthy human RBC according to [16,17]. 
 
Both solutions share the same processing steps: Image 
normalization, feature extraction, feature dimensionality 
reduction of feature vector and feature fusion. In the 
regression problem, the last processing module consists of a 
three output RBF-NN where the three geometrical properties 
are estimated. In the identification problem, the same type of 
RBF-NN is used and the number of output neurons is equal 
to the number of RBC types. The identified RBC type is 
located in the most activated output neuron. 

A. Image Normalization – Feature Extraction 
Taking into account that the mean image brightness is not 

related to the RBC size, a linear normalization of the pixel 
intensity values, according to actual mean brightest of the 
acquired image, is applied to eliminate this irrelevant 
information. The extraction of the most effective scattering 
information, which is directly related to the RBC 
geometrical properties, is close related to the features 
selection problem. In the absence of related studies, robust 
feature sets related to the Histogram of Oriented Gradients 
(HoG) and Region Covariance features (RCoV) are used to 
encode the image data. The proposed feature extraction, 
feature dimension reduction and feature fusion process are 
shown in Fig. 3. 

 
Fig. 3.  The feature extraction and feature fusion process. 

B. Histogram of Oriented Gradients 
The HoG [18] is very effective to represent objects and is 
widely used in human and face detection. Object shape 
detection is obtained using the distribution of local intensity 
gradients or edge direction. Initially, the points of interest 
(PoIs) are determined using the Harris detector and 

thereafter the HoG is applying at each PoI in the local region 
of 32 ൈ 16. The HoG features are estimated by taking the 
orientation histograms of edge intensity in the local region. 
Sobel filters are used to obtain the edge gradients and 
orientations. The gradient magnitude ܩሺݔ,  ሻ and theݕ
orientation ߠሺݔ,  ሻ are estimated using the directionalݕ
gradients ݀௫ሺݔ, ,ݔሻ and ݀௬ሺݕ   :ሻ computed by Sobel filterݕ
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The local region is divided in 4 ൈ 4 sub-region, for each 
sub-region the 8-bin gradient orientation are estimated which 
forms a feature vector of size 128 dimension ሺ4 ൈ 4 ൈ 8ሻ. 

C. Region Covariance Features  
Tuzel, et al. [19,20] have proposed region covariance in 

the context of object detection. If ۷௦ is a scattering image and ݖ௣ the corresponding feature vector estimated for each pixel 
of ۷௦, 
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where ݔ and ݕ are the pixel ݌ coordinates, ܫ௫ and  ܫ௬  are the 
first order intensity derivatives regarding to ݔ and ݕ 
respectively, ܫ௫௫  and  ܫ௬௬ are the second order derivatives, 
and the last term of eq.2 is the edge orientation. The feature 
vector ݖ௣ is estimated using the same PoIs where HoG is 
applied. For each local region of ۷௦ the covariance matrix ܥோ 
expressed: 
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where ߤҧ is the mean value of ݖ௣ over the local region while ܰ is the total number of pixels of the region. The size of the 
covariance matrix ܥோ is 8 ൈ 8; and due to symmetry of ܥோ 
only its lower triangular part need to be used. Hence, the 
feature vector of the local region consists of 36 coefficients.   

D. Features Reduction 
The feature extraction method must be effectively extract, 

eliminate redundancy and compress the scattering 
information related to the RBC size from the acquired 
images. The elimination of the information redundancy is 
achieved using the well-known ICA [21-23], applied on 

 



  

linearly mixtures sources in the feature space. The features 
reduction process is obtained in the new linearly transformed 
space by selecting the features with large eigenvalues. 

E. Features Fusion 
A scheme using support vectors machine (SVMr) [24] for 

regression is adopted in order to fuse the multimodal 
features. Since this work treats a large dataset, the Radial 
Basis Function (RBF) kernel has been chosen, due to its 
suitable computational cost. When using SVM with linear or 
polynomial kernels, the margin parameter C cannot be 
sufficiently adjusted. The parameter C determines the trade-
off between maximization of the margin and minimization 
of the classification error. In SVM regression, the input ܠ is 
mapped onto a ݊-feature space using a nonlinear mapping, 
and then a linear model is constructed (eq. 4) in this feature 
space: 
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where ݃௜ሺܠሻ, ݅ ൌ ڮ,1 , ݊, denotes a set of nonlinear 
transformations, and ܾ is the bias term.  

F. Estimation of RBC Shape using the RBF-NN 
Artificial neural networks have been used widely in many 

non-linear regression and classification problems [25-28] 
using computing elements, simulating the information 
processing of biological neurons. The popular RBF-NN has 
very efficient training algorithms and only the number of 
hidden neurons must be defined by the network designer. In 
the proposed method, the fused feature vector obtained by 
the SVM scheme is non-linearly processed by the RBF-NN 
to derive the actual RBC size as in [29]. The radius of the 
adopted radial-basis functions, denoted as spread, can be a 
network or neuron dependent parameter or can be estimated 
as part of the training process [27]. 

III. NUMERICAL EXPERIMENTAL RESULTS  
A database of 3 Leds ൈ 5 filters ൈ 1575 RBCs = 23625 

images of 50 ൈ 50 pixels size each is developed. The image 
database has been designed to cover the RBCs typical size in 
equal steps of 0.250 μm for ܴଵ and ܴଶ and 0.05 for the ratio ோయோమ. In regression experiments, the geometrical properties of 
RBCs are estimated from the set of scattering images 
simulating the proposed device. In identification numerical 
experiments, each set of scattering images is classified into a 
valid set of 787 unique RBC geometry configurations. The 
simulated images are estimated using, the spectral responses 
of three LEDs, the five optical color filters and the solution 
of the scattering problem of a monochromatic EM plane 
wave, taking into account both axisymmetric geometry of 
the scatterer and the non-axisymmetric boundary conditions. 
Multiple wavelength scattering images are derived using the 
boundary element method (BEM) developed in [5].  

A. Training and Evaluation of the RBF-NN 
The original images are distorted using both additive 

white Gaussian noise from 60 to 10 dB SNR which 
approximate several phenomena in real image acquisition 
systems (such as thermal-noise in CCD) and systematic 
distortions which caused by non-proper alignment of optical 
and sensor elements. The training data of the RBF-NN 
consist of 788 RBC configurations, i.e. 3 LEDs ൈ 5 color 
filters ൈ 788 RBCs = 11820 images are used, and for the 
regression and identification numerical experiments the 
remaining 11805 images are selected. Both training and 
testing sets are uniformly distributed in the RBC sizes. The 
identification process is completed by the nearest 
classification rule of the Euclidean distance between the 
regression values estimated by RBF-NN and the actual 787 
RBC sizes used to build the image database. In the hidden 
layer of the RBF-NN, both the number of neurons and the 
spread value of the Gaussian radial function kept constant 
with values 100 and 10 respectively. In the regression 
numerical experiments the features derived by the histogram 
oriented gradients and region covariance are trainable fused 
by the SVM scheme. In the evaluation process the mean 
absolute error between the actual geometrical properties of 
the RBC and the RBF-NN is estimated, denoted as 
regression error (MRE). As shown in Fig. 4, the geometrical 
parameters of RBC have an optimal estimation with MREs 
less than of 2% at 30 dB SNR respectively. 

The mean identification rate (MIR) versus the level of 
noise is estimated giving mean error of the estimated 
geometrical parameters of erythrocyte less than 1% of the 
actual RBC size when the signal to noise ratio is greater than 
60 dB. A quantitative comparison of the method accuracy is 
given in Fig.5 where the MIR is compared with the rate 
achieved at [12]. The proposed method, gives best results 
with remarkable robustness in the noise presence. At 10 dB 
SNR the mean identification rate exceeds to 80%.  
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Fig. 4.  The mean regression error versus the noise level. 
 
In order to visualize the classifier’s performance in Fig. 6 a 
ROC curve, is presented. An ROC graph depicts relative 
tradeoffs between benefits (true positives) and costs (false 



  

positives) for different values of parameter ܴଵ, ܴଶ and ோయோమ. As 
it is shown, the closer the curve follows the left-hand border 
and then the top border of the ROC space, the more accurate 
the classification result which is achieved, as expected. 
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Fig. 5. (a) The mean identification rate versus the noise level (b) the ROC 
curve. 

IV. CONCLUSION 
In this paper, a fully automated method for the estimation 

of RBC shape using image processing and supervised neural 
network techniques are implemented and numerical 
evaluated. The scattering phenomena of a RBC are recorded 
in images whereas each image is acquired using a unique 
pair of LED and color filter. As shown in the section 3, 
excellent detection and identification rates for three 
important geometrical properties of human biconcave-
shaped RBC are obtained by the proposed method, even in 
cases where the simulated images are distorted by white 
Gaussian noise at the very noisy environment of 10 dB SNR. 
The excellent performance of the proposed method remains 
even in case of additive noise providing an important 
guideline for medical implementation in real-life 
applications. The proposed method can be extended both to 
identify and estimate the distribution other type of 
microparticles using multiple scattered light images.  
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