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Abstract—Visible human data has been widely used in various 
medical research and computer science applications. We present 
a new application for this data: a method to classify which body 
segment a transverse cross section image belongs to. The labeling 
of the data is created with the guidance of an online body cross 
section tutorial. The visual properties of the images are 
represented using a variety of feature descriptors. To avoid 
problems that arise from the large dimensionality of features, 
feature selection is applied. The multi-class SVM is employed as 
the classifier. Both the CT scans and the color photographs of 
cryosections of the whole body (male and female) are used to test 
the proposed method. The high performance with overall 
accuracy above 98% on both the 2160 CT dataset and the 1870 
cryosectional photos show the method is very promising. Because 
of its observed effectiveness on visible human data, we will 
extend our approach to classify figures in biomedical articles. 

Keywords—Body segment classification; visible human data; 
body cross section  

I. INTRODUCTION

The Visible Human Project (VHP) initiated by the National 
Library of Medicine (NLM) two decades ago is one of the most 
significant efforts made toward providing comprehensive data 
for understanding human anatomy [1]. The rich data collected 
by VHP (which was made available world-wide under a no-
cost license agreement) provides a potentially highly valuable 
resource for the computer science and medical 
research/education community. The dataset, which consists of 
complete multi-modal images of both male and female 
cadavers, has been widely used in various applications for 
image processing, annotating, visualization, and analysis by 
hundreds of academic and industrial groups in the world. 
Representative applications include 3D anatomical model 
construction and visualization [2], body organ segmentation 
[3], and multi-modal image registration [4]. Anatomy 
education using visible human data has also been reported [5]. 
In this paper, we present a new method to identify which body 
segment (such as thorax, abdomen) in which a cross sectional 
image is located, using only the visual features of the given 
image. To the best of our knowledge, there is no such 
application in the existing literature. This work was motivated 
by our need to solve a related image processing problem: 
figure classification, which is one step in our research and 
development in integrating text and image for biomedical 

article retrieval. We have been developing OPENi, an online 
system which provides ability to search figures in biomedical 
articles based on the visual contents of the figures, in order to 
augment traditional text-query searching. To try to optimize 
retrieval performance and enhance user search experience, we 
proposed a hierarchical classification framework for figure 
image analysis. The figures are first classified into regular 
figures or illustration figures. Then the regular figures are 
classified based on the image modality, such as MRI, CT, X-
ray, Ultrasound, photograph, etc. The illustration figures can be 
classified into categories of graphs, diagrams, flow charts, etc. 
The next level for modality images, such as CT, MRI and X-
ray, is body segment classification, for example, head, 
abdomen, or pelvis. We have developed effective methods for 
regular/illustration classification [6] and modality classification 
[7]. Body segment classification is our next goal. To that end, 
we have adopted the visible human data as an initial 
experimental data set to test our body segment classification 
methods; our goal is to move from this data set to processing 
figures in biomedical articles. We expect some modification of 
our methods will be necessary, since the figures in articles have 
different characteristics from those of visible human data (for 
example, for the same modality of figures, the images may be 
obtained from different bodies, different machines, different 
resolution, and different views). In this paper, we report the 
first step of our work toward body segment classification of 
images, namely the results of our work on the visible human 
data. This paper is organized as follows. First, in Section 2, we 
describe the cross sectional image data we employed and how 
the images are labeled. Our method, which contains steps of 
feature extraction, feature selection and classification, is 
presented in Section 3. Section 4 reports and discusses 
experimental tests. The concluding remarks and future work 
are given in Section 5. 

II. VISIBLE HUMAN DATA AND LABELING

A. Visible Human Data
The visible human data consists of two entire human bodies

(normal male and female) in three image modalities: 
computerized tomography (CT), magnetic resonance images 
(MRI), and cryosectional color photographs (CRYO).  For the 
male cadaver, transverse CT scans of the entire body were 
obtained both before and after the cadaver was frozen, and are 
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For each key point, a vector of length 128 features 
distinctively represents the neighborhood around it. After 
obtaining this feature for each key point, the bag-of-keypoints 
approach described in [12] was then applied.  

LBP: LBP (local binary patterns) [13] operator is a texture 
descriptor that is robust against illumination changes. The 
texture information in the image is represented by a histogram 
of binary patterns. The binary patterns are generated by 
thresholding the relative intensity between the central pixel 
and its neighboring pixels. Because of its computational 
simplicity and efficiency, LBP has been successfully used in 
various computer vision applications.     

Beside the features above, other features we applied are 
Tamura descriptor [14], primitive length [15], edge frequency, 
Hu moments [16], color moments [17], autocorrelation 
coefficients, and image width-to-height ratio. 

B. Feature Selection 
Feature selection is frequently used in applications when a 

method of selecting a small number of effective features is not 
obvious a priori; in these applications, such as ours, we begin 
by extracting a large number of features from those known in 
the technical literature.  Then we apply a feature selection 
strategy with the goal of reducing the number of features by 
selecting an effective subset of the original features. The 
goodness of features is described by relevance, which can be 
defined and evaluated by various measures [18]. Alternative 
feature selection algorithms, which perform as a preprocessing 
step before learning, have been proposed. Generally speaking, 
these algorithms can be categorized into two broad groups: 
wrapper approaches and filter approaches. Wrapper methods 
use the intended learning algorithm to search through the space 
of features and evaluate the goodness of each feature subset. 
Filter approaches do not rely on the specific learning 
algorithm; rather, features are evaluated based on the general 
characteristics of the training data. Wrapper methods are 
generally considered to yield better results, but filter 
approaches tend to run faster. In our application, we employ 
the open source machine learning software WEKA 2 . It 
provides a wide range of attribute selection methods by 
combining different evaluation measures and different search 
methods. The specific method we used will be explained in 
Section IV. 

C. Classification 
To solve a given multi-class classification problem, one 

practical approach is to use a combination of binary SVM 
classifiers. There are several popular strategies on how to carry 
out binary classification and how to combine the multiple 
binary results. For example, the one-versus-all strategy [19] 
converts an N-class classification problem into N binary 
classification problems, where each binary classifier is trained 
to separate a given class from the rest of N-1 classes, while the 
one-against-one strategy [20] requires N(N-1)/2 binary 
classifiers and each binary classifier is trained to differentiate 
each pair of classes. For testing, the one-versus-all strategy 
uses the winner-take-all method in which the unknown 
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example is assigned the class label of the binary classifier that 
outputs the highest value, while the one-against-one strategy 
employs max-wins voting in which the class with the maximal 
number of votes among the binary classifiers determines the 
label of the given example. There is open source software that 
implements multi-class SVMs, such as SVM-Light [20], and 
LibSVM [22]. We use the SVM method given in the WEKA 
program package. Specifically, we employed the Sequential 
Minimal Optimization (SMO) algorithm implemented in 
WEKA [23] which uses one-against-one strategy for multi-
class problems, 

IV. EXPERIMENTAL TESTS 
Two datasets of visible human data were used in the 

experimental assessment. One is CT cross sections (fresh 
view). The other is color photos of cryosections.  MRI data was 
not tested because it does not contain a set of whole body axial 
cross sections. For the CT dataset, both female and male data 
were included. For cryosectional photos, only male data was 
tested. Both testing datasets were labeled into five classes of 
body segments (head and neck, thorax, abdomen, pelvis, and 
lower limb) as described in Section 2. Table I lists the number 
of slices in each body segment for the CT and CRYO datasets, 
respectively. The lower limb segment contains a much larger 
number of slices because the length of this segment is longer 
(around 900 slices vs 200+ slices for each of the other 
segments). In total, there are 2160 images for CT data and 
1870 images for CRYO data. 

For each image, we extracted thirteen types of features, 
resulting in a total feature vector length of 2321. To reduce the 
feature vector length, we encapsulated the attribute selection 
process with the classifier itself. This can be done by using the 
meta-classifier “AttributeSelectedClassifier” in the WEKA. 
With this method, both the attribute selection method and the 
classifier only get access to the data in the training set (or folds 
if cross-validation is performed). For the attribute selection 
method used in the “AttributeSelectedClassifier”, we selected 
the feature evaluator as “CfsSubsetEval” (which evaluates the 
value of a subset of attributes by considering the individual 
predictive ability of each feature along with the degree of 
redundancy between them) and the search method as 
“BestFirst” (which searches the space of feature subsets by 
greedy hill-climbing augmented with a backtracking facility). 
For the classifier used in the “AttributeSelectedClassifier”, we 
selected SMO. Ten-fold cross-validation was performed. As a 
result, the length of the feature vector was reduced from 2321 
to 52 for the CT dataset. The reduced feature vector length was 
93 for the CRYO dataset. The cross-validation classification 
performance was measured using: TP (true positive) rate, FP 
(false positive) rate, precision, recall, F-score, and ROC 
(receiver operating characteristic) area. Table II and Table IV 
list the values of the above measures for the CT and CRYO 
datasets, respectively, as output by WEKA. The confusion 
matrix for each dataset is also provided in Table III and Table 
V, respectively. The numbers in these tables demonstrate the 
effectiveness of the proposed method. For example, as shown 
in Table VI, the overall classification accuracy is 98.8% for the 
CT dataset and 99.0% for the CRYO dataset. 

 



TABLE I.  NUMBER OF SLICES IN EACH BODY SEGMENT 

 
Head & 

neck Thorax Abdomen Pelvis Lower 
limb 

CT 

182 (M) 

233 (F) 

415 

88 (M) 

194 (F) 

282 

208 (M) 

171 (F) 

279 

73 (M) 

213(F) 

286 

101 (M) 

797 (F) 

898 

CRYO 255 (M) 262 (M) 221 (M) 219 (M) 913 (M) 

TABLE II.  CLASSIFICATION RESULTS (CT DATASET) 

 
TP 
rate 

FP 
rate 

Precision Recall 
F-

score 
ROC 
area 

Head & 
neck 

0.981 0.001 0.995 0.981 0.988 0.996 

Thorax 0.979 0 1 0.979 0.989 0.998 
Abdomen 1 0.006 0.959 1 0.979 0.997 
Pelvis 0.965 0.001 0.993 0.965 0.979 0.994 
Lower 
limb 

0.997 0.009 0.988 0.997 0.992 0.995 

TABLE III.  CONFUSION MATRIX (CT DATASET) 

 Predicted class 
Head 
& 
neck 

Thorax Abdomen Pelvis Lower 
limb 

A
ct

ua
l c

la
ss

 

Head & 
neck 

407 0 0 0 8 

Thorax 1 276 3 0 2 
Abdomen 0 0 279 0 0 
Pelvis 0 0 9 276 1 
Lower 
limb 

1 0 0 2 895 

TABLE IV.  CLASSIFICATION RESULTS (CRYO DATASET) 

 TP 
rate 

FP 
rate 

Precision Recall F-
score 

ROC 
area 

Head & 
neck 

0.996 0.001 0.996 0.996 0.996 0.999 

Thorax 0.969 0.004 0.977 0.969 0.973 0.994 
Abdomen 0.977 0.005 0.964 0.977 0.971 0.995 
Pelvis 0.995 0.002 0.986 0.995 0.991 0.999 
Lower 
limb 

0.997 0 1 0.997 0.998 1 

TABLE V.  CONFUSION MATRIX (CRYO DATASET) 

 Predicted class 
Head 
& 
neck 

Thorax Abdomen Pelvis Lower 
limb 

A
ct

ua
l c

la
ss

 

Head & 
neck 

254 1 0 0 0 

Thorax 1 254 7 0 0 
Abdomen 0 5 216 0 0 
Pelvis 0 0 1 218 0 
Lower 
limb 

0 0 0 3 910 

 

TABLE VI.  CLASSIFICATION ACCURACY 

 Overall 
accuracy 

CT 98.8% 
CRYO 99.0% 

 

V. CONCLUSION 
We propose a new method for classification of body axial 

cross section images by body region. Our approach exploits 
multiple descriptors to represent the color, texture, shape and 
size attributes of images. Our strategy is to begin with a wide 
range of features, then to use a standard feature selection 
method for reducing feature dimensionality, before invoking a 
multi-class SVM classifier which assigns a body region label to 
an image, based only on the features for that image.   We used 
two whole body datasets created by the National Library of 
Medicine’s visible human project to test our algorithm: CT 
cross sections and cryosectional color photographs. Our 
experiments show that the proposed method yields a 
classification accuracy of higher than 98% in 10-fold cross 
validation for both datasets. Our future work will focus on 
identifying the location of the body segment shown in the 
biomedical figures. 
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