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The exponentially growing number of deployed networked
cameras, from fixed to mobile and even airborne, poses
strong demands on efficient techniques for better capturing,
compressing, networking, computing, and visualization of
these huge amounts of visual data. Emerging techniques
and adherent applications of big visual data from all kinds
of sensors have attracted great attention from industry,
academy, and the government. Nonetheless, there are still
many challenges that need to be overcome, for example,
efficient techniques of analyzing big visual data and general
solutions to application related difficulties. Thus, we solicited
articles in this special issue that address topics covering
key solutions in big visual data: sensing and capturing for
big visual data; feature representation and compression of
big visual data; networking and dissemination of big visual
data; storage and retrieving of big visual data; security and
privacy of big visual data; computing and analytics of big
visual data; cloud processing and virtualization of big visual
data; new applications and services of big visual data; and so
forth. Before delving in the particular articles, we first share
thoughts with respect to big visual data.

Data capturing and storage are the preliminary processes
for big data analyses. While many researchers tried to define
what big data are, the more popular description for big data
arises from the properties they possess. For example, the
three defining dimensions for big data are volume, variety,
and velocity, which are called the Three Vs. When capturing
data, the above properties should be considered in order to
provide high quality data. However, digitizing and labeling a

massive volume of data are time-consuming and sometimes it
goes against personal privacy protection. Therefore, massive
discussions and research concerning security and privacy of
big visual data must be addressed as well.

A great deal of techniques are available to extract
structure information from large-scale data. It is worth
mentioning that machine learning is a powerful tool for
identification/prediction of unknown test data by learning
models from either the past history or available training data.
In recent years, deep learning using convolutional neural net-
works (CNNs) plays a crucial role in feature representation,
system modeling, and class prediction by learning from a
huge amount of training data. However, it always requires
expensive computations and the model has extremely high
complexity which limits its universality. Recently, researchers
focus on methods of reducing the computational complexity
of deep learning and improving the scalability of deep
learning. A typical application is face detection from large-
scale real-world visual data.

Analyzing big data is in the end to improve the service
for the society. New emerging applications are varying from
global climate change prediction to daily life applications. For
example, health care, customer behavior, intelligent trans-
portation, recommendation system, and energy distribution.
Other applications are, for example, exploring and under-
standing social dynamics from social media data and urban
computing based on taxi trajectories to explore knowledge
about a city and its citizens. In this special issue, several
applications related to big visual data are investigated.
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The editorial committee of this special issue received 20
submissions of which 5 papers were accepted for publica-
tion, giving an acceptance rate of 25%. Various applications
and techniques related to big visual data are discussed.
More specifically, Y. Yu et al. proposed a physics based 3D
character animation method based on the open dynamics
engine (ODE) to avoid the big data acquisition from motion
capturing equipment. X. Sun et al. proposed a gradient
domain image filtering-based low-light image enhancement
method, which effectively extracts the illumination com-
ponent of the underlying image. To efficiently deal with
the problem of information overload for online users, F.
Zhang et al. proposed a novel preferential diffusion movie
recommendation algorithm considering the significance of
the target user’s nearest neighbors. Large amounts of medical
CT images have been collected to establish a big medical
data library. An active shape model is applied by X. Duan
et al. to automatically reconstruct aortic dissection to assist
operations of doctors.

Moreover, to handle large-scale text automatic process-
ing, which uses an event network to conceal lexical relations
in events and logical relations between events in document,
Y. Shi et al. took advantage of the expanded Chinese Event
Corpus (CEC) as data source and prior knowledge of mani-
festation rules of event and relation as the guide, to establish a
knowledge-based rule of eventmanifestation, so as to achieve
automatic building and improve text processing performance
of event network.

As a hot research topic, more and more conferences and
journals call for articles on big visual data analysis, which
enhances interdisciplinary collaborations and creates new
R&D domains. We believe that more and more theoretical
advances and killer applications of big visual data will be
available in the next years.

Zhijun Fang
Jenq-Neng Hwang

Xiaoming Huo
Hyo-Jong Lee

Joachim Denzler
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We propose a novel approach for low-light image enhancement. Based on illumination-reflection model, the guided image filter
is employed to extract the illumination component of the underlying image. Afterwards, we obtain the reflection component and
enhance it by nonlinear functions, sigmoid and gamma, respectively. We use the first-order edge-aware constraint in the gradient
domain to achieve good edge preserving features of enhanced images and to eliminate halo artefact effectively. Moreover, the
resulting images have high contrast and ample details due to the enhanced illumination and reflection component. We evaluate
our method by operating on a large amount of low-light images, with comparison with other popular methods. The experimental
results show that our approach outperforms the others in terms of visual perception and objective evaluation.

1. Introduction

Video surveillance is now widely used in various fields, like
public security, transportation, and so on. The surveillance
systems are required to perform not only in day time but
also in night time. However, the videos captured in some
situations such as dark place or night are very poor so that
the objects can hardly be perceived by humans. Thus, it is
necessary to enhance the low-light images in image process-
ing and video surveillance.

Recently, the technique of low-light image enhancement
has made remarkable progress.The commonly usedmethods
include dark channel prior model [1, 2], neural network
model [3, 4], histogram equalization (HE) [5, 6], image fusion
[7, 8], wavelet domain algorithm [9, 10], and illumination-
reflection model [11–14]. It is noted that the adaptability of
dark channel prior model is poor in disposing the images
with rich details and high brightness [2]. The design and
use of neural network require domain knowledge so that the
underlying neural systemhas good generalization.The idea of
histogram equalization is to merge several bins of grayscales
in order to increase contrast, but such processmay yield detail

loss. The image fusion method needs multiple frame images,
which is not applicable for single image frame.Wavelet trans-
form is alternative technique for low-light image enhance-
ment as shown in [9]. The most popular method in enhanc-
ing low-light images is to decompose images with the
illumination-reflection model.

It was proposed by Land [15] that an image 𝐽(𝑥, 𝑦) can
be decomposed by the reflection component 𝑅(𝑥, 𝑦) and the
illumination component 𝐿(𝑥, 𝑦):

𝐽 (𝑥, 𝑦) = 𝑅 (𝑥, 𝑦) ⋅ 𝐿 (𝑥, 𝑦) , (1)

where (𝑥, 𝑦) represents the coordinates of image. Normally,
the illumination component is determined by the dynamic
range of the underlying image, while the reflection com-
ponent is dependent on the intrinsic characteristics of the
objects within the underlying image. Equation (1) is generally
converted to the logarithmic domain so that the multiplica-
tion becomes addition.

The illumination component can be obtained by vari-
ous methods, such as multiscale Gaussian function in [11],
an improved Gaussian function in [12], and the bilateral
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(a) Input image (b) Image with halo artefact

Figure 1: Halo artefact.

(a) Input image (b) Image with gradient reversal

Figure 2: Gradient reversal.

filtering-based method in [14]. The key idea behind the
Gaussian function is to use a low-pass filter as shown in (2).
In the equation, 𝐹(𝑥, 𝑦) represents a center-around function,
which is also a low-pass filter, and the symbol∗ represents the
convolution.Then, the reflection component can be obtained
from (3) with the illumination component.

𝐿 (𝑥, 𝑦) = 𝐹 (𝑥, 𝑦) ∗ 𝐽 (𝑥, 𝑦) , (2)

lg [𝑅 (𝑥, 𝑦)] = lg [𝐽 (𝑥, 𝑦)] − lg [𝐿 (𝑥, 𝑦)] . (3)

While calculating the illumination component and the
reflection component of an image, what is most important
is edge preserving and making the flat region smooth. The
Multiscale Retinex (MSR) algorithm in [11] processes each
color channel individually and then removes the illumination
component to keep reflection component. Such processing
is liable to color distortion. In addition, the method cannot
achieve edge preserving and easily yields halo artefact as
shown in Figure 1(b). Bilateral filtering (BLF), proposed
by Tomaci and Mabduchi [16], is a good method for edge
preserving and eliminating halo artefact. It was pointed out in
[17] that the BLF may result in gradient reversal as shown in
Figure 2(b). Accordingly, guided image filter (GIF) [17] and its
variants, that is, weighted guided image filter (WGIF) [18] and
guided image filter in gradient domain (GDGIF) [19] were
proposed to achieve good edge preserving.

In this paper, we present a new method for low-light
image enhancement, which mainly contributes to the fol-
lowing three aspects: (1) In order to effectively cope with
the halo artefact and gradient reversal, the proposed method
uses the illumination-reflection model and selects the GIF
in gradient domain characterized by smoothness and edge
preserving to estimate the illumination component; (2) the
proposed method works on HSI color space to eliminate
color distortion; (3) the illumination component and the
reflection component are enhanced by nonlinear sigmoid and
gamma transforms, respectively, to improve image contrast
and enhance image details.

The remainder of the paper is organized as follows:
Section 2 depicts the proposed low-light image enhancement
algorithm. Section 3 demonstrates experimental results, fol-
lowed by conclusion drawn in Section 4.

2. The Proposed Approach

The proposed method for enhancing low-light images con-
sists of the following steps:

(1) Converting the low-light image fromRGB color space
to HSI color space

(2) For intensity (illumination) layer, estimating the illu-
mination component with guided image filter in



International Journal of Digital Multimedia Broadcasting 3

gradient domain, followed by extracting the reflection
component

(3) Enhancing the illumination component with a non-
linear sigmoid transform

(4) Enhancing the reflection component with a nonlinear
gamma transform

(5) Taking the antilog of the sum of steps (3) and (4) as
the enhanced intensity layer

(6) Converting the new HSI image back to RGB, which
produces the final enhanced image

2.1. Guided Image Filter inGradientDomain. GDGIF [19] and
WGIF [18] are both the improvements of the guided image
filter. Basically, the output image 𝑞𝑖 is a linear transform of
guided image 𝑔𝑖 in a square window𝑀𝑘 centered at the pixel𝑘:

𝑞𝑖 = 𝑎𝑘𝑔𝑖 + 𝑏𝑘, ∀𝑖 ∈ 𝑀𝑘. (4)

In (4), guided image 𝑔𝑖 can be input image 𝑝𝑖 itself. The pixel𝑖 is located in the window 𝑀𝑘 of length (2𝑟 + 1), in which 𝑟
is filter radius. 𝑎𝑘 and 𝑏𝑘 are linear coefficients in pixel 𝑘. For
GIF, WGIF, and GDGIF, the larger value of 𝑎𝑘 implies better
edge preserving. On the contrary, if the value of 𝑎𝑘 is much
closer to 0, the filters have good smoothing performance in
flat regions.

According to the gradient-domain optimization frame-
work in [20], the task of filtering an image means converting
one input image 𝑝𝑖 into the final image 𝑞𝑖, which can be
expressed as an energy function 𝐸(𝑎𝑘, 𝑏𝑘) including the zero-
order data cost function 𝐸𝑑(𝑖) and first-order gradient cost
function 𝐸𝑔(𝑖) terms:

𝐸 (𝑎𝑘, 𝑏𝑘) = ∑
𝑖∈𝑀𝑘

(𝐸𝑑 (𝑖) + 𝐸𝑔 (𝑖)) , (5)

𝐸𝑑 (𝑖) = (𝑎𝑘𝑔𝑖 + 𝑏𝑘 − 𝑝𝑖)2 , (6)

𝐸𝑔 (𝑖) = 𝜑 (𝑖) ∇𝑞𝑖2 , (7)

where ‖∇𝑞𝑖‖ is gradient magnitude; 𝜑(𝑖) is gradient weight
constraint. In (4), the gradient magnitude of 𝑞𝑖 is ‖∇𝑞𝑖‖ = 𝑎𝑘.
2.1.1. Guided Image Filter. In the guided image filter [17],𝜑1(𝑖) = 𝜀, the expressions of 𝑎𝑘 and 𝑏𝑘 can be obtained
according to (4)–(7) shown as follows:

𝑎𝑘 = (1/ |𝑤|)∑𝑘:𝑖∈𝑀𝑘 𝑔𝑖𝑝𝑖 − 𝜇𝑘𝑝𝑘𝜎2
𝑘
+ 𝜀 ,

𝑏𝑘 = 𝑝𝑘 − 𝑎𝑘𝜇𝑘,
(8)

where 𝜇𝑘 is the mean of image 𝑔𝑖 in the window 𝑀𝑘, and 𝜎2𝑘
is the variance of image 𝑔𝑖 in the window 𝑀𝑘, |𝑤| is the total
pixel number in window 𝑀𝑘, and 𝑝𝑘 is the mean of image 𝑝𝑖
in window𝑀𝑘. 𝜀 is a regularization parameter, which controls
the trade-off between edge preserving and smoothness. As𝜀 is generally fixed ratherthan spatially varying in filtering
process, halo artefact is unavoidable in edges.

2.1.2.WeightedGuided Image Filter. Li et al. [18] proposed the
WGIF, where a spatially varying gradient weight constraint𝜑2(𝑖) = 𝜀/Γ𝑔 𝑘 was added in (7).

Γ𝑔 𝑘 = 1𝑁
𝑁∑
𝑖=1

𝜎2𝑔,1 (𝑘) + 𝜆
𝜎2𝑔,1 (𝑖) + 𝜆 , (9)

where Γ𝑔 𝑘 is a single-scale edge-aware weighting, which is
defined by using local variances in 3 × 3 windows, 𝜎2𝑔,1(𝑘) is
the variance of guided image 𝑔𝑖 in the 3 × 3 window,𝑁 is the
number of image pixels, 𝜆 is a small constant and its value is(0.001 × 𝐿)2, and L is the dynamic range of the input image.
The expressions of 𝑎𝑘 and 𝑏𝑘 in the WGIF can be obtained
according to (4)–(7) as shown below:

𝑎𝑘 = (1/ |𝑤|)∑𝑘:𝑖∈𝑀𝑘 𝑔𝑖𝑝𝑖 − 𝜇𝑘𝑝𝑘𝜎2
𝑘
+ 𝜀/Γ𝑔 𝑘 ,

𝑏𝑘 = 𝑝𝑘 − 𝑎𝑘𝜇𝑘.
(10)

It is noted that the edge-aware weighting Γ𝑔 𝑘 is spatially
varying in the WGIF; that is, Γ𝑔 𝑘 is larger than 1 when the
pixel 𝑘 locates in the edge area, and Γ𝑔 𝑘 is smaller than 1 when
the pixel 𝑘 locates in the flat area. As a result, 𝑎𝑘 is closer to
1 than 𝑎𝑘 in the GIF, which implies that WGIF has the better
edge preservation than GIF.

WGIF can reduce the halo artefact to some extent.
However, both the GIF and the WGIF filters have no explicit
constraints to cope with edges. Both cannot preserve edges
well because image filtering is performed on edges, which
definitely smoothed the edges [19, 21].

2.1.3. Guided Image Filter in Gradient Domain. Kou et al.
[19] proposed the guided image filter in gradient domain
(GDGIF), by adding an explicit first-order (gradient domain)
edge-aware constraint 𝐸𝑒(𝑖) to gradient-domain equation (5)
shown below:

𝐸 (𝑎𝑘, 𝑏𝑘) = ∑
𝑖∈𝑀𝑘

(𝐸𝑑 (𝑖) + 𝐸𝑔 (𝑖) + 𝜙𝐸𝑒 (𝑖)) ,
𝐸𝑒 (𝑖) = 𝛼 ∇𝑞𝑖 − ∇𝑝𝑖2 ,

(11)

where 𝐸𝑒(𝑖) is edge-aware constraint. The aim is to perceive
the changes in local neighbourhoods so that the similar
filtering is performed in the similar regions. 𝛼 is a weight
value, ∇𝑞𝑖 and ∇𝑝𝑖 represent the gradient values of output
image 𝑞𝑖 and input image 𝑝𝑖.

In the GDGIF, a multiscale edge-aware varying spatially
gradient weight constraint 𝜑3(𝑖) = 𝜀/Γ̂𝑔 𝑘 is added in (7). The
energy function of GDGIF is shown in (12), in which the
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(a) Original image (b) Edge results by Γ𝑔 𝑘 (c) Edge results by Γ̂𝑔 𝑘

Figure 3: Comparison of Γ̂𝑔 𝑘 and Γ𝑔 𝑘.

second item is the combination of the first-order gradient cost
function 𝐸𝑔(𝑖) and the edge-aware constraint 𝐸𝑒(𝑖).

𝐸 (𝑎𝑘 , 𝑏𝑘 )
= ∑((𝑎𝑘 𝑔𝑖 + 𝑏𝑘 − 𝑝𝑖)2 + 𝜀

Γ̂𝑔 𝑘 (𝑎

𝑘 − 𝛾𝑘)2) , (12)

Γ̂𝑔 𝑘 = 1𝑁
𝑁∑
𝑖=1

𝜒𝑘 + 𝜆
𝜒𝑖 + 𝜆 , (13)

𝛾𝑘 = 1 − 1
1 + 𝑒𝜂(𝜒𝑘−𝜇𝜒,∞) , (14)

where Γ̂𝑔 𝑘 is defined by local variances of (2𝑟 + 1) × (2𝑟 + 1)
windows of all pixels; 𝑟 is the filter radius. It is noted that Γ̂𝑔 𝑘 is
a multiscale edge-aware weighting varying spatially, in which𝜒𝑘 = 𝜎𝑔,1(𝑘) ∗ 𝜎𝑔,𝑟(𝑘). The edge-aware weighting detects the
edge more accurately, and a pixel is detected as an edge pixel
when the two scale variances are very large.

The comparison of Γ̂𝑔 𝑘 and Γ𝑔 𝑘 in WGIF of an image
is shown in Figure 3. The edges of the image are detected
accurately by using the multiscale edge-aware weighting Γ̂𝑔 𝑘
rather than using the single-scale edge-aware weighting Γ𝑔 𝑘
in WGIF.

In (14), 𝛾𝑘 is an edge-aware constraint to preserve edges.𝜇𝜒,∞ is the mean of all 𝜒𝑖, and the value of 𝜂 is 4/(𝜇𝜒,∞ −
min(𝜒𝑖)). The value of 𝛾𝑘 is close to 1 when the pixel 𝑘 locates
in the edge area, and the value is close to 0 when the pixel 𝑘
locates in the flat area.

The expressions of 𝑎𝑘 and 𝑏𝑘 in the GDGIF can be
obtained according to (12)–(14), shown as follows:

𝑎𝑘 = (1/ |𝑤|)∑𝑘:𝑖∈𝑀𝑘 𝑔𝑖𝑝𝑖 − 𝜇𝑘𝑝𝑘 + (𝜀/Γ̂𝑔 𝑘) 𝛾𝑘
𝜎2
𝑘
+ 𝜀/Γ̂𝑔 𝑘 ,

𝑏𝑘 = 𝑝𝑘 − 𝑎𝑘 𝜇𝑘.
(15)

When the input image 𝑝𝑖 and guided image 𝑔𝑖 are the
same, the GDGIF has better edge preserving and smoother

features than the GIF and theWGIF due to the following two
points.

(1) When pixel 𝑘 locates in the edge area, the expression
of 𝑎𝑘 can be computed as

𝑎𝑘 = 𝜎2𝑘 + (𝜀/Γ̂𝑔 𝑘) 𝛾𝑘
𝜎2
𝑘
+ 𝜀/Γ̂𝑔 𝑘 . (16)

It is seen that the value of 𝛾𝑘 is 1, and the value of 𝑎𝑘 is 1,
which is independent of parameter 𝜀. In fact, the value of 𝑎𝑘
in GDGIF is much closer to 1 than it is in GIF and WGIF.
Hence, GDGIF has the best edge preserving feature.

(2) When a pixel 𝑘 locates in the flat areas, the value 𝛾𝑘 is
close to 0, the parameter 𝑎𝑘 is accordingly independent of the
choice of 𝜀. As a result, we can select larger 𝜀 in GDGIF than
that in WGIF and GIF, so that better smoothing is achieved
without affecting the edge preserving [19].

For example, we use GIF, WGIF, and GDGIF for image
filtering by choosing the same filter radius 𝑟 = 16 and
regularization parameter 𝜀 = 0.8∧2. The result is shown in
Figure 4. It is observed that the image filtered by GDGIF has
the best edge preserving.

In summary, the GDGIF has the best edge preserving and
smoothing features. As a result, we choose the GDGIF to
estimate the illumination component.

2.2. Enhancing the Intensity Layer. Generally, the processing
of an RGB image is to operate the R, G, and B three channels
separately, which is time-consuming. In this work, the low-
light image is converted from RGB color space to HSI color
space. The HSI color space stems from the human visual
system, using three elements of color, hue (H), saturation
(S), and intensity (I) to describe the color, which is more
consistent with human visual feature than RGB color space.
In HSI color space, the intensity component is enhanced
while the hue and saturation components are extracted
without further processing.

2.2.1. Estimating Illumination Component. Based on
illumination-reflection model, combined with (2), (4),
and (15), we use the GDGIF to estimate the illumination
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(a) Original image (b) Image filtered by GIF

(c) Image filtered by WGIF (d) Image filtered by GDGIF

Figure 4: The difference between GIF, WGIF, and GDGIF.

component 𝐿𝐼(𝑥, 𝑦) of intensity layer image 𝐼(𝑥, 𝑦) as
follows:

𝐿𝐼 (𝑥, 𝑦) = 𝑞 (𝑥, 𝑦) ∗ 𝐼 (𝑥, 𝑦) , (17)

where 𝑞(𝑥, 𝑦) is represented by the GDGIF function, as
shown in (4). Then the reflection component 𝑅𝐼(𝑥, 𝑦) of
intensity layer image can be obtained according to (3) and (17)
as follows:

𝑟𝐼 (𝑥, 𝑦) = lg [𝑅𝐼 (𝑥, 𝑦)]
= lg [𝐼 (𝑥, 𝑦)] − lg [𝐿𝐼 (𝑥, 𝑦)] . (18)

2.2.2. Enhancing Illumination Component. Normally, the
methods based on illumination-reflection model are to
extract and then enhance the reflection component without
considering the illumination component. Such processing
leads to a lack of coordination between gray levels and yields
color distortion. To cope with this problem, Wu et al. [13]
proposed enhancing the reflection component together with
the illumination component. Inspired by this idea, we process
the illumination component by the nonlinear tensile sigmoid
transform as shown in Figure 5. It is indicated in [22] that
the sigmoid transform has the ability to sharpen images,
highlight the local details, and stretch the image contrast.

The nonlinear tensile sigmoid transform is expressed in the
following equations:

𝑙Sigmoid (𝑥, 𝑦) = 𝑟min + 𝑟max − 𝑟min1 + 𝑒−𝑎(𝑟(𝑥,𝑦)−𝑏⋅(𝑟max−𝑟min))
,

𝑙𝐼 out (𝑥, 𝑦) = 𝑙𝐼 (𝑥, 𝑦) × 𝑙Sigmoid (𝑥, 𝑦) ,
(19)

where 𝑙Sigmoid is self-defined sigmoid nonlinear function,
whose range is [0, 1], 𝑟min and 𝑟max represent the minimum
and maximum values of reflection component, respectively,
and 𝑙𝐼(𝑥, 𝑦) and 𝑙𝐼 out(𝑥, 𝑦) are the initial and the enhanced
illumination component, respectively. It is noted that there
are two important parameters 𝑎, 𝑏 in which the parameter𝑎 controls how an image is enhanced and the parameter 𝑏
controls the contrast enhancement. Generally, a large value of𝑎 enhances an image greatly. On the other hand, a small value
of 𝑏 enhances the contrast of the dark regions, and a large
value of 𝑏 enhances the contrast of the light regions. Figure 6
shows examples by taking different parameters. In this study,
the parameters 𝑎, 𝑏 are selected as 2 and 0.004, respectively.

2.2.3. Enhancing the Reflection Component. It is known that
human eyes are not sensible for high brightness difference
but sensible for the small difference in low intensity. Thus,
gamma transform [23] is normally employed to enhance the
reflection component as follows:

𝑟𝐼 out (𝑥, 𝑦) = 𝑐𝑟𝛾𝐼 (𝑥, 𝑦) , (20)
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(b) Sigmoid curves in different 𝑏 values (𝑎 = 2)

Figure 5: Sigmoid function curves.

(1) Original (2) a = 0.2 (3) a = 1

(4) a = 2 (5) a = 4

(a) Illumination enhancement in different 𝑎 values (𝑏 = 0.004)

(1) Original (2) b = 1 (3) b = 0.4

(4) b = 0.04 (5) b = 0.004

(b) Illumination enhancement in different 𝑏 values (𝑎 = 2)

Figure 6: Illumination component enhanced by sigmoid curves.

where 𝑐 is a positive constant; 𝛾 is a parameter to control the
image contrast.

It is seen from Figure 7 that when 𝛾 is less than 1, the
contrast in low intensities is increased. On the contrary, the
contrast in high intensities is enhanced in case 𝛾 > 1. The
effect of parameter 𝑐 is shown in Figure 8. In this work, the
parameters are experimentally selected as follows: 𝛾 = 0.6;𝑐 = 0.3.
2.3. Final Enhanced Image. By taking antilog of the illumi-
nation component combined with the reflection component,
we obtain the enhanced intensity image. The new HSI image
is made up of enhanced intensity layer, original hue, and
saturation layer. Then the enhanced HSI image is converted

into RGB image to obtain the final enhanced image. The
whole process is shown in Figure 9.

3. Experimental Results and Discussions

As there is no public low-light image database, we collect 20
images from the Library of Congress and Internet as shown
in Figure 10. In the simulation, the parameters are predefined
as follows: window radius 𝑟 = 16, regularization parameter𝜀 = 0.001, the sigmoid parameters 𝑎 = 2, 𝑏 = 0.004, and
gamma parameters 𝛾 = 0.6, 𝑐 = 0.3. All experiments are
performed in Matlab code on Windows 7 operation system.
The computer is Intel� core� i5-4570 3.20GHz, and the
RAM is 4.00GB. The popular algorithms such as traditional
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Figure 7: Gamma transforms (𝑐 = 1).

(1) Original (2) c = 0.1 (3) c = 0.3

(4) c = 0.6 (5) c = 1

Figure 8: Reflection component enhanced by different 𝑐 values.

MSR [11], Hao’s algorithm [14], He’s algorithm [17], histogram
equalization (HE), improved MSR [12], and Kim’s algorithm
[9] are implemented for performance comparison.

3.1. Subjective Evaluation. It is observed from Figures 11 and
12 that the images enhanced by traditional MSR algorithm
have obvious “white” phenomenon, which indicates color
distortion. The images enhanced by Hao’s method result in
gradient reversal artefact as seen in red square from image 4
(white tower) in Figure 11, which indicates that the bilateral
filtering has poor edge preserving property. Moreover, the
resulting images by Hao’s method are blurred which can be
seen from images 1 (church) and 5 (the study) in Figure 11.
He’s algorithm also shows halo artefact which can be seen
from image 1 (church), and this method cannot enhance the
image contrast and brightness shown in Figure 12.

Histogram equalization algorithm can enhance image
contrast, but this method misses details and enlarges noise,
which can be observed from Figures 11 and 12. Improved
MSR algorithm is better than the traditional MSR algorithm,

but this method causes halo artefact which can be seen from
image 1 (church) in Figure 11 (highlighted box). Moreover,
“white” phenomenon exists as shown in image 13 (boy),
where the tire is over-enhanced and loses detailed infor-
mation. Our results show that improved MSR algorithm is
not effective in dealing with night images, as observed in
Figure 12.

Kim’s algorithm also causes color distortion, which can be
seen from image 1 (church) in Figure 11, and the sky in the red
square becomes gray.The enhanced imagesmay be blurred as
seen in image 1 (church), which implies that Kim’s algorithm
has poor edge preserving.

As seen from Figures 11 and 12, the proposed algorithm
has the best color fidelity and edge preserving. Also, the
enhanced images have less noise and clearer details than the
one enhanced by histogram equalization algorithm.

3.2. Objective Evaluation. Currently, no standard objective
metrics are proposed for enhancement assessment of low-
light images. In this study, we employ information entropy
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(a) Original (b) Intensity layer image

(c) Illumination component (d) Reflection component

(e) Enhanced illumination component (f) Enhanced reflection component

(g) Enhanced intensity image (h) Enhanced RGB image

Figure 9: The proposed procedure of low-light images.

(IE) to evaluate image details and choose the average edge
intensity (AEI) to evaluate the edge preserving feature of
enhanced images. The IE is defined as follows:

IE = −𝐿−1∑
𝑠=0

𝑃 (𝑟𝑠) log2𝑃 (𝑟𝑠) , (21)

where 𝑃(𝑟𝑠) represents the probability of gray level 𝑠; 𝐿 is
the total number of gray levels. Larger IE indicates more

information, which implies that there are more details in the
underlying image.

The AEI is defined as follows:

AEI = 𝐸 (𝑔 (𝑖, 𝑗)) = 𝐸 (√𝑆𝑥 (𝑖, 𝑗)2 + 𝑆𝑦 (𝑖, 𝑗)2) , (22)

where 𝑆𝑥(𝑖, 𝑗) and 𝑆𝑦(𝑖, 𝑗) represent gradients in 𝑥 and 𝑦
directions on image edges. 𝐸 represents expectation. In this
study, Sobel operator is used for gradient computation. Larger
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Figure 10: Datasets used in experiments.

AEI indicates good edge preserving. Also, the efficiency of the
proposed method is compared with other methods.

Table 1 shows the average IE and AEI and operating time
based on 20 test images. It is observed that the performance
of He’s method is not good in terms of IE. The images
enhanced by He’s method are usually dark and lose many
details. Figure 13 shows the IE performances of the best three
methods, that is, Hao’s algorithm, Kim’s algorithm, and the
proposed method. It is seen that the median IE (marked
by a red line) of the proposed method is the largest. The
mean IE (marked by a green line) of the proposed method is
9.8% higher than Hao’s algorithm and 1.8% higher than Kim’s
algorithm in the 20 test images.

On the other hand, it is observed from Table 1 that
the improved MSR, histogram equalization (HE), Kim’s
algorithm, and the proposed algorithm achieve top four
performances in terms of AEI. It is noted that high AEI in the
histogram equalization accounts for much noise. The AEI of
the improvedMSR, Kim’s method, and the proposed method
on each individual image are shown in Figure 14. Results
show that the median AEI (marked by a red line) of the
proposed method is the largest, and the mean AEI (marked
by a green line) of the proposed method is 26.8% higher than
the improved MSR and 15.6% higher than Kim’s algorithm.

Table 1: The average IE, AEI, and operating time (sec) on twenty
images.

Average IE Average AEI Average
time

Original 11.057 50.756 N/R
Traditional
MSR 13.439 67.485 1.77

Hao et al.’s
[14] 14.091 57.838 16.289

He et al.’s
[17] 11.867 61.952 0.377

HE 14.761 83.874 0.281
Improved
MSR [12] 13.234 83.606 7.915

Kim et al.’s
[9] 15.193 96.477 0.867

The
proposed
method

15.478 114.297 0.698

In summary, the proposed method achieves the best
performance in terms of both IE and AEI. Furthermore,



10 International Journal of Digital Multimedia Broadcasting

Original

Traditional
MSR [11]

Hao et al.’s [14]

He et al.’s [17]

HE

Improved
MSR [12]

Kim et al.’s [9]

The
proposed
method

Figure 11: Comparison among different algorithms.
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Figure 12: Results by different algorithms.

the proposed method is very efficient and achieves the 3rd
position among the 7 methods as shown in Table 1. It is noted
that He’s algorithm has the worst enhanced image quality.
Figure 15 shows the median operating time (marked by a red
line) and themean operating time (marked by a green line) of
HE, Kim’s, and the proposed method. Generally, the bilateral
filtering is not as efficient as the GDGIF. The computation
complexity of bilateral filtering is 𝑜(𝑁𝑟2), where 𝑟 refers to
the window radius of bilateral filtering, and𝑁 is the number
of image pixels while the GDGIF’s computation complexity is

𝑜(𝑁). In other words, the GDGIF’s computation complexity
is not related to the filter size. Results show that the average
time by the proposed method is 59.7% higher than HE and
19.4% less than Kim’s algorithm.

4. Conclusion

A low-light image enhancement algorithm is presented in
the paper. By decomposing a low-light image into the
illumination component and the reflection component, it
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Figure 15: Operating time by HE, Kim’s, and the proposed method.

offers a solution to expand illumination and enhances image
details separately. Specifically, the illumination component is
processed using guided image filter in gradient domain, fol-
lowed by nonlinear sigmoid transform. The reflection com-
ponent is enhanced by the gamma transform. This solution
enhances low-light images and effectively avoids distortions

(for example color) and annoying artefacts (e.g., blurring,
halo). Then, the final result is obtained by antilogging the
sum of the enhanced two components. Experimental results
demonstrate that the enhanced images by the proposed
method are visually pleasing by subjective test and the per-
formance of the proposed method outperforms the existing
methods in terms of both IE and AEI assessments. Moreover,
the proposed algorithm is efficient because the computation
complexity is not related to filter size. The proposed method
has great potential to implement in real-time low-light video
processing.
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With the rapid development of CT technology, especially the higher resolution of CT machine and a sharp increase in the amount
of slices, to extract and three-dimensionally display aortic dissection from the huge medical image data became a challenging
task. In this paper, active shape model combined with spatial continuity was adopted to realize automatic reconstruction of aortic
dissection. First, we marked aortic feature points from big data sample library and registered training samples to build a statistical
model. Meanwhile, gray vectors were sampled by utilizing square matrix, which set the landmarks as the center. Posture parameters
of the initial shape were automatically adjusted by themethod of spatial continuity between CT sequences.The contrast experiment
proved that the proposed algorithm could realize accurate aorta segmentation without selecting the interested region, and it had
higher accuracy than GVF snake algorithm (93.29% versus 87.54% on aortic arch, 94.30% versus 89.25% on descending aorta).
Aortic dissection membrane was extracted via Hessian matrix and Bayesian theory. Finally, the three-dimensional visualization of
the aortic dissection was completed by volume rendering based on the ray casting method to assist the doctors in clinical diagnosis,
which contributed to improving the success rate of the operations.

1. Introduction

Aortic dissection (AD) is a cardiovascular disease that is a
dangerous threat to human health, which can quickly lead
to death [1]. The main reason for this disease is that tissue
weakness and high blood pressure lead to one or more aortic
tissues perforation(s), blood flow along the intimae resulting
in two separate blood flow channels: the true lumen (the
primary aorta bed of blood flow) and the false lumen (a
channel entirely within the media which appears during an
aortic dissection) [2], as shown in Figure 1.

At present, the main separation therapy of aortic dis-
section is the lumen isolation technique requiring that the
clinicians can clearly know the crevasse position, range,
quantity, severity, and so on before surgery. In order to
improve positive rate of aortic dissection, realize automation
guidance to interventional treatment, and achieve precise
surgery or postoperative evaluation, the aortic dissection 3D

reconstruction system is indispensable. The key technology
is to achieve aortic segmentation. Threshold-based methods
of image segmentation are challenged by intensity gradients
within the image volume [3].

And edge detection methods are challenged by poor con-
trast in themedical images.Methods based on specific theory
introduce mathematical models into image segmentation
areas, and active shape model (ASM) belongs to the strategy
of “top-down”; it combines the prior knowledge of top floor
with information at the bottom of the image characteristics
and is able to achieve accurate segmentation of complex
medical images [4]. In three-dimensional space, there is
continuity between CT image sequences; the thicker the slice
is, the robuster the continuity is kept between CT slices.
Based on the above methods, this paper adopts the method
that combines active shape model with spatial continuity to
extract aorta area quickly and accurately, which eliminates
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Figure 1: The true and the false lumen.

the interference of other organs by shape constraints in the
process of extracting the aorta.Then extract aortic dissection
membrane using Hessian matrix. And finally, we make use of
volume rendering based on ray casting algorithm to perform
three-dimensional reconstruction of the aortic dissection.
Moreover, we set the transparency and colors of aortic
dissection 3Dmodel tomake aortic dissectionmore intuitive;
the location and the size of the intimae crevasse can be easily
obtained.

2. Principle of System

The principle framework of the proposed three-dimensional
reconstruction system is shown in Figure 2, via segmentation,
extraction, and reconstruction of aortic dissection patients’
CT images, to realize three-dimensional visualization of aor-
tic dissection. Firstly, we preprocess the original CT images
in order to eliminate noise and adjust the images’ brightness
for subsequent processing. Secondly, the active shape model
is used to segment the aorta region, combined with the
spatial continuity of the huge number of CT image sequences,
automatically adjusting the posture parameters of the initial
shape of each layer to improve the degree of automation
and precision of the segmentation algorithm. Next, use gray
gradient changes between aortic wall and membrane to
extract the aortic dissection membrane by Hessian matrix
and continuity a priori model. Finally, three-dimensionally
reconstruct the aorta structure by volume rendering and set
the transparency and colors of the aortic dissection three-
dimensional model to make the interval more intuitive and
clear. Ultimately, the system can provide help for clinical
diagnosis and measures.

3. Implementation Method

3.1. Aorta Segmentation. Due to the complexity of the three-
dimensional structure of the aorta, especially the aortic
arch and descending aorta shape big differences, we need
to set up aortic arch and descending aorta training set,
respectively. In this paper, the training set of the aortic arch
and descending aorta are composed of a quantity of samples
extracted by equal interval from the aortic dissection patients’
CT sequence which contain all the changes in the shape.
The two training sets can reflect all the patterns of shape

change. We select multiple typical aortic dissection patients’
CT images from the Tianjin chest hospital to build the aortic
arch and descending aorta model library; different patients
have different aortic CT sequence numbers, in the range of
about 700∼1000 on average. In order to model a shape, we
represent it by a set of landmark points. This must be done
for each shape in the training set and must be done correctly
and accurately [5]. The number of feature points on each CT
imagemust be consistent.The labeling is important, and each
label represents a particular part of the aorta or its boundary
[6, 7]. In general, we choose pointsmarking parts of the object
with particular application-dependent significance, points
marking application-dependent things, and other points that
can be interpolated from points of types above [8]. Aortic
arch and descending aorta landmark points obtained by the
expert are shown in Figure 3, and aftermarking feature points
in each CT image we pick up the aortic arch and descending
aorta training sample sets are derived, respectively.

According to landmark points, we build aorta big data
model library.There is a big deviation in shape and position of
different samples, so beforemodeling, we need to normalized
registration shape vectors of two training sets, so as to realize
the model building of the aorta [9]. Firstly, select one CT
image, respectively, as a benchmark sample from two groups
of big data training set, and then scale, rotate, and translate
other samples in the library to align themwith the benchmark
sample; while all the differences between those samples and
the reference sample are less than the setting threshold,
registration is completed. Registration results of two groups
of training set, respectively, are shown in Figure 4, and the
horizontal ordinate represents the pixel coordinates in CT
image.

Aortic model building is a high-dimensional data pro-
cessing. In order to simplify calculation process, this paper
applies Principal Component Analysis (PCA) approach to
reduce dimensionality of the training set which involves
all shape vectors to determine the main components [10].
The mean shape vector of the aortic training sample set is
calculated by

𝑋 = 1
𝑁

𝑁

∑
𝑖=1

𝑋𝑖,

𝑋𝑖 = (𝑥𝑖1, 𝑦𝑖1, 𝑥𝑖2, 𝑦𝑖2, . . . , 𝑥𝑖𝑛, 𝑦𝑖𝑛)
𝑇 ,

(1)

where𝑁 is the number of the samples of the training set; 𝑋𝑖
represents the shape vector by stacking 𝑛 landmark points;
then calculate the covariance matrix 𝑆 by

𝑆 = 1
𝑁 − 1

𝑁

∑
𝑖=1

(𝑋𝑖 − 𝑋) (𝑋𝑖 − 𝑋)
𝑇
. (2)

Calculate the eigenvectors 𝜙𝑖 corresponding to the eigen-
values 𝜆𝑖, arrange the eigenvalues in descending order, and
choose 𝑘 eigenvectors which are relative to 𝑘 bigger eigen-
values, several changing patterns that describe the observed
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Figure 3: Landmark points marking.

variation of the training set; at the same time, 𝑘 eigenvalues
need to satisfy the formula as follows:

𝑘

∑
𝑖=1

𝜆𝑖 ≥ 𝜌
2𝑛

∑
𝑖=1

𝜆𝑖, (3)

where 𝜌 = 0.72 [11]; the search accuracy can reach the highest
by the principal components of 72%, and for the general value
of 98%, too many constraints will appear when searching.
Ultimately, the shape model can be approximated by

𝑋 = 𝑋 + Φ𝐵, (4)

where Φ is the first 𝑘 eigenvectors, Φ = (𝜙1, 𝜙2, . . . , 𝜙𝑘), and
𝐵 is the projection coefficient on the principal component of
the shape vector which is calculated as 𝐵 = (𝑏1, 𝑏2, . . . , 𝑏𝑘)𝑇;
suitable limits of 𝑏𝑖 are typically determined in the range of
(−3√𝜆𝑖, 3√𝜆𝑖), to make sure the active shape model changes
within a small range.

The gray-scale texture model is established to match and
search target contour at the time that the shape statistical
model is built. In this paper, the gray-scale texture model
for each landmark is carried out by putting the point as the
center of the square of gray sampling, avoiding the traditional
method using only the vertical direction information, leading
to incomplete search and error convergence. Each landmark

gray vector 𝑔𝑗𝑖 mean and covariance of vector in the training
sample can be approximated by

𝑔𝑗 =
1
𝑁

𝑁

∑
𝑖=1

𝑔𝑗𝑖, 𝑗 = 1, 2, . . . , 𝑛,

𝑆𝑗 =
1
𝑁

𝑁

∑
𝑖=1

(𝑔𝑗𝑖 − 𝑔𝑗) (𝑔𝑗𝑖 − 𝑔𝑗)
𝑇
, 𝑗 = 1, 2, . . . , 𝑛.

(5)

We minimize the Mahalanobis distance between a new
profile and the model in the subsequent matching search
process as a standard; the matching function is expressed as

𝑓 (𝐺𝑗) = (𝐺𝑗 − 𝑔𝑗)
𝑇
𝑆−1𝑗 (𝐺𝑗 − 𝑔𝑗) , (6)

where 𝐺𝑗 is the gray vector of the 𝑗th feature point of the
matching image; we get the best matching point when the
matching function takes the minimum, and when we find all
the matching points, the new profile is obtained.

In order to improve the efficiency and robustness of the
model, multiresolution search strategy is adopted [12]. 1mm
thickness at the time of CT scanning is used; therefore a
complete set of aorta CT image sequences can be seen con-
tinuous, and based on CT image sequence space continuity,
by adjusting the initial shape parameters to make the contour
close to the target area, the target contour parameters, which
are derived from the former image, are used to adjust the
current layer, by repeating the above operation between
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Figure 4: Registration results.

layers. High efficient and accurate segmentation of CT images
can be realized; the algorithm is of high degree automation.
Figure 5 shows the final segmentation results after iteration
convergence.

3.2. Aortic Dissection Extraction and Three-Dimensional
Reconstruction. In this paper, we propose a detection algo-
rithm combining Hessian matrix and spatial continuity a
priori model. The Hessian matrix can be used to extract the
pixels on the dissection and aortic boundary [13], the result
is shown in Figure 6(a), and then use the Bayesian theory
of spatial continuity model to remove other nontarget pixels,
that is, only the dissection membrane pixels extracted; the
result is shown in Figure 6(b). This algorithm makes full
use of the continuity between the CT images of each layer
and limits the offset error of the interlayer membrane to a
very small range and realizes the accurate extraction of the
interlayer membrane.

After the aorta segmentation and dissection membrane
extraction are complete, the ray casting is carried out to
reconstruct the structure. The ray casting method is a direct

volume rendering algorithm based on the image sequence
[14]. The specific reconstruction process is as follows.

(1) Read the three-dimensional discrete data field; set
different opacity values and color values according to
the size of the voxels’ pixel values of vertices.

(2) A ray is emitted from each point of the screen based
on the direction of the line of sight so that the rays
pass through the data field space and k samples are
selected equidistantly across all the rays.

(3) Theopacity value and the color value of each sampling
point are calculated by the trilinear interpolation
algorithm using the data values of the eight vertices
nearest to the sampling point.

(4) Calculate the opacity and color values for all pixels on
the screen based on the cumulative order from front
to back.

(5) The opacity value and the color value of each pixel
obtained are projected onto the imaging screen to
generate the final three-dimensional image.
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(a) Descending aorta from segmentation (b) Aortic arch from segmentation

Figure 5: Final result after iteration convergence.

(a) Contour pixel feature points extraction result (b) Aortic dissection results

Figure 6: Aortic dissection extraction result.

The final 3D reconstruction of a group of aortic region
is as shown in Figure 7. By setting the aorta transparency
and color, the interlayer is shown in red to give the final
reconstruction results, as shown in Figure 8.

4. Experimental Results and Discussions

4.1. Experimental Results. Figure 9 shows a three-dimension-
al model of the aortic dissection of the other two patients
reconstructed by the above method. It is clear from the
three-dimensional reconstructed images that the dissection
membrane occurs in the entire aortic cavity in the first set of
models, and the dissection membrane of the second group
appears in the aortic arch away from the heart. The results
of the two groups intuitively and clearly show the location
and extent of the break, so the method provides much more
space relationship information of the aortic dissection to the

attending physician for the diagnosis of the diseases, surgery,
and postoperative evaluation to provide assistance.

4.2. Segmentation Accuracy. In order to verify the algorithm
for segmentation of CT image sequence aortic extraction
effect, compare the aortic arch and descending aorta extrac-
tion results on this proposed method with those based on
GVF snake algorithm. To test and verify the reliability of
above two algorithms, we compare the extraction results by
algorithms above with the manual results by doctor of rich
clinical experience and calculate the overlapping rate to test
the reliability of the algorithm in this paper; the extraction
results by three methods are shown in Figure 10.

We can obtain that, for descending aorta, the segmen-
tation results by both GVF snake model and the proposed
segmentation algorithm are close to the real target contour.
While for the aortic arch the GVF snake algorithm has
certain errors, because of the absence of shape constraints, the
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Table 1: Two segmentation algorithms’ overlap ratio.

GVF snake method
(aortic arch)

Our proposed method
(aortic arch)

GVF snake method
(descending aorta)

Our proposed method
(descending aorta)

Sample 1 84.52% 92.32% 89.75% 95.59%
Sample 2 86.51% 92.97% 88.16% 94.98%
Sample 3 87.63% 93.09% 90.03% 93.26%
Sample 4 89.95% 94.65% 89.80% 93.76%
Sample 5 88.02% 93.23% 88.70% 94.07%
Sample 6 88.63% 93.45% 89.04% 94.12%

50 100 150

150
100

50

50

100

150

200

250

300

350

150 100 50
15010050

50

100

150

200

250

300

350

Figure 7: 3D visualization of the aorta region.

curve is vulnerable to the interference of other organizations
around the outline in the process of evolution, which is shown
in Figure 11(a); curve 1 is the initial curve, and curve 2 is the
end evolution of the curve. In order to avoid impact from
other groups’ contour in the curve evolution, the GVF snake
model firstly determines the aorta interested area which
involves complete aorta area but as far as possible to introduce
the interference of other organizations [15, 16]. Generally
speaking, fixed location areas or template matching methods
are chosen, which are with low repeatability and adaptability,
and the selecting accuracy directly affects the subsequent
partitioning extraction results. However we can achieve the
aorta automatic segmentation result after directly inputting
one CT image with our proposedmethod. Figure 11(b) shows
the iteration results by our proposed method. And this
algorithm is of higher degree of automation and stronger
robustness than GVF snake model.

In order to quantitatively describe the accuracy of the
algorithm in this paper, using the overlap rate as evaluation
indexes,

Overlap = 𝐴𝑎𝑏
𝐴𝑎 + 𝐴𝑏 − 𝐴𝑎𝑏

; (7)
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Figure 8: 3D visualization of aortic dissection.

𝐴𝑎 and 𝐴𝑏, respectively, represent the proportion of the
target area from the two images’ segmentation; 𝐴𝑎𝑏 is the
proportion of the target zone overlapping. With thoracic
hospital doctors manual segmentation result as the gold
standard, our experiment selects large number of images
from groups of patients’ CT images and then calculates
the two algorithms’ overlap, respectively, and some samples
results of those all are displayed in Table 1.

For extraction accuracy, the proposed method is obvi-
ously of higher overlap ratio than the GVF snake method
from the table (93.29% versus 87.54% on aortic arch, 94.30%
versus 89.25% on descending aorta).

5. Conclusions

This paper introduces a kind of medical CT image processing
method to rapidly and accurately obtain aortic dissection
characteristic from huge CT image data and to three-
dimensionally reconstruct the structure for doctors in clinical
diagnosis. The algorithm of this paper has been improved
on the basis of the traditional ASM algorithms; not only is
the statistical model more accurately constructed and the
accuracy of the model matching improved, but also the
initialization process combined with the continuity of the
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(b) The second patient’s aortic dissection display

Figure 9: 3D visualization model of another two patients with aortic dissection.

(a) Aortic arch and descending aorta manual segmentation results

(b) Segmentation results by GVF snake method

(c) Segmentation results by this proposed method

Figure 10: Aortic arch and descending aorta segmentation results by three methods.

(a) Iteration result based on GVF snake method (b) Iteration result based on the proposed method

Figure 11: Iteration results based on two methods.



8 International Journal of Digital Multimedia Broadcasting

CT sequence is simplified and the algorithm effectiveness is
improved. Compared to GVF snake algorithm, the experi-
ment can be a strong proof that our algorithm can effectively
improve the accuracy of aorta segmentation. This method
of this paper can effectively make up for the inadequacy of
existing hospital equipment function, so that the attending
physicians and patients can deeply understand and grasp the
state of the illness. At the same time, for other cardiovascular
diseases’ diagnosis and treatment, this method is of great
significance.
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Computer 3D character animation essentially is a product, which is combined with computer graphics and robotics, physics,
mathematics, and the arts. It is based on computer hardware and graphics algorithms and related sciences rapidly developed new
technologies. At present, the mainstream character animation technology is based on the artificial production of key technologies
and capture frames based on the motion capture device technology. 3D character animation is widely used not only in the
production of film, animation, and other commercial areas but also in virtual reality, computer-aided education, flight simulation,
engineering simulation, military simulation, and other fields. In this paper, we try to study physics based character animation to
solve these problems such as poor real-time interaction that appears in the character, low utilization rate, and complex production.
The paper deeply studied the kinematics, dynamics technology, and production technology based on the motion data. At the same
time, it analyzed ODE, PhysX, Bullet, and other variety of mainstream physics engines and studied OBB hierarchy bounding box
tree, AABB hierarchical tree, and other collision detection algorithms. Finally, character animation based on ODE is implemented,
which is simulation of the motion and collision process of a tricycle.

1. Research Background and Significance

The mainstream animation production technologies are key
frame technology based on artificial production and motion
capture technology based on capture equipment. Key frame
technology based on artificial production is the original ani-
mation combination technology. It depends on the key frame
production and the interpolation between key frames to drive
the continuous animation playing. The technology allows
designers to create animation by their own will with the
greatest degree of freedom, but the products of the technology
are not very good in terms of natural performance; moreover,
the process of production is quite complicated [1]. Since the
motion capture equipment appeared, it can be used to capture
the motion data as the information source of animation
production, so that the efficiency of producing character
animation and the reality sense of character animation can be
greatly improved. However, since the technology needs the
genuine characters to take part in the process of capturing

the motion information, its application scope becomes quite
limited. When using this technology, it is not allowed for the
genuine actors to take some dangerous actions. Furthermore,
the high cost of this kind of equipment will also restrict the
wide use of the technology.

In the background of growing industrial demand,
increased user experience requirement, and fast developing
of computer-related technologies, the above-mentioned two
kinds of common traditional animation production methods
are becoming less and less possible to satisfy the requirements
of design and use. The root cause is that the two kinds
of technologies use the offline way during the process of
animation combination and storage and then for the post-
production use; thus, the animation will be charged with
the corresponding huge data storage space considering its
high quality and long duration. Moreover, the biggest issue
of this method is the poor rate in terms of real-time and self-
adaption performance, so that the animation, which has cost
plenty of time and money, can be just used for the specific
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circumstance for once. All of these issues do not fit into the
current trend of fast increase of computer processing and user
experience [2].

This article, in order to deal with the issues of poor
real-time performance, low utilization rate, and complicated
procedure, existing during the process of producing character
animation, does research on the character animation simula-
tion method based on physics engine and uses an example to
implement the method.

2. Foundation of Related Researches

Nowadays, character animation is always the focus and
difficulty in the computer graphics research. In the research,
there are various animation production methods, which can
be categorized as follows [3]:

(i) The animation productionmethod based on kinemat-
ics

(ii) The animation production method based on dynam-
ics

(iii) The animation production method based on motion
data

A brief introduction of the above three kinds of character
animation is next.

2.1. Principle of Character Animation Production Based on
Kinematics. Kinematics is a very important branch in physics
mechanics. During the research, the object is abstracted as a
rigid body model and a particle model [4]. These models are
used to study themotion of objects.The key point of the rigid
body model is to research the rigid body’s angular velocity,
rotary motion, linear velocity, and so forth. The focus of the
research on the particle model is on the velocity, acceleration,
deceleration, and motion equation of the particle in the
specified reference system. In addition, it is not necessary to
consider the influence factors of dynamics, such as quality
and force.

The kinematics method is divided into forward kinemat-
ics and inverse kinematics.

2.1.1. Forward Kinematics Method [5]. In a simple kinematic
system, there are often two ends. They are free end and fixed
end. Forward kinematics describes the motion of the free
end with the fixed end of the system as the starting point.
Forward kinematics method: the first step is to establish the
hierarchical structure of the object and then to establish the
rotation and position of each object in the hierarchy.

2.1.2. Inverse Kinematics Method. Another simulation tech-
nique based on kinematics is the inverse kinematics method
[5]. Inverse kinematics is just opposite to forward kinematics.
The inverse kinematics is the motion of which the fixed end
drove by the free end.

Use the following formula to express the basic principles
of the inverse kinematics [6]:

Δ𝑋 = 𝐽Δ𝜃. (1)

Formula (1) is the basic formula of the inverse kinematics,
in which Δ𝑋 is the displacement of the end of the joint chain,
Δ𝜃 is the rotate angle of the end of the joint chain, and 𝐽 is
the Jacobian matrix. By the formula above, the displacement
of joint is equal to a product, the rotation angle of joint chain
ends, and the Jacobian matrix. But formula (2) is frequently
used in inverse kinematics [6]:

Δ𝜃 = 𝐽+Δ𝑋 + 𝛼 (𝐼 − 𝐽+𝐽) Δ𝑧. (2)

In the formula,Δ𝑋 andΔ𝜃 are similarly found in formula
(1). 𝐽+ is pseudo-inverse matrix of the Jacobian matrix in
linear algebra. 𝐼 is a unit matrix. 𝛼 is optimization constant.
Δ𝑧 is the energy consumption of joints inminimizingmotion.
The inverse kinematics is calculated from the end of the entire
joint chain. Compared with the forward kinematics, inverse
kinematics is more suitable for the creation of more complex
motion and easier to enable the flip of the object in the
animation. However, the inverse kinematics is not universal.
Some problems which are suitable for forward kinematics are
not suitable for inverse kinematics.

2.2. Principle of Animation Production Based on Dynamics.
Dynamics is also a very important branch of physics, which
researches the relationship between force and motion. The
basic theory of kinetic research isNewton’s law ofmotion.The
object of the dynamics study is a macroscopic object that is
far lower than the speed of light. The animation produced by
this method has a strong physical reality, because it is based
on the laws of physics.

In the simulation of character animation, kinematics
method is to calculate the position and rotate angle of each
joint for the characters, and the key frames are composed of
two kinds of data.

In the simulation of character animation, the dynamic
method first gives the object to the physical properties and
exerts various forces and then uses Newton’s law of motion to
calculate the state of the character.The essence of thismethod
is to calculate the acceleration of an object by force. In
dynamics, the type of force can be divided into two types:
point force and field force [7].

In addition to the force, the collision is also an important
factor affecting the movement of the character. In the real
world, when two objects collide, they collide, but they do
not penetrate each other. When the collision occurs, the
interaction force will change the original state of the two
objects, such as position, trajectory, and direction.Therefore,
in the simulation of the character animation, if the collision is
between objects, the original motion state of the character
will be changed because of the interaction force.
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2.3. Principle of Character Animation
Production Based on Motion Data

2.3.1. Motion Capture. The animation methods mentioned
above are realized by the use ofmechanics, biomechanics, and
daily life experience. In motion capture technology, data is
originated from the real actor performance, through motion
capture equipment to obtain action data. Because the pro-
cessed data is produced by human beings, themotion capture
technology can make the animation more real and natural.
There was no artificial data from capture and processing. But,
motion capture equipment is very expensive and complicated
to operate. During the data collection, the motion model’s
limb, body, and head commonly set sensors point, and those
collective data are a very important part in whole motion
capture technology [8].

The dynamic and kinematics techniques introduced in
this paper are used to animate the physical laws of motion.
However, the complexity of human motion with physical
laws, especially in terms of human motion coordination
mechanism, makes simulation work very difficult, thus lead-
ing to the produced animation being not realistic and the
lack of rich detailed information of actual human body
movement. In recent years, the motion capture technology
has entered the line of sight; it overcomes the shortcomings
of the above two methods of animation and has become one
of the most promising technologies in human animation.

2.3.2. Motion Blend. The motion blending technology is a
technology based on special motion database and algorithm.
To use this technique to deal with animation, we generally
need to use interpolation algorithm and interpolation param-
eters.

The main advantage of motion blend technology is its
low computational complexity. And it is based on motion
capture data, to maintain the original dynamic motion. Its
main drawback is that, for example, tension, worry, and other
acts are too dependent on the existing operating data, and the
amount of data increases. If a character is walking in a gait
that is not too tired or tired, it is necessary to have a normal
walking gait data and also to have a very tired walking data.
In the interpolation process, the producers usually deal with
the transition and transformation between the collection of
parameters by the persistent and linear default views [9].

2.3.3. Motion Deformation. Motion deformation is the tech-
nology to modify and use the existing motion information.
Popoivc and Witkin use interactive methods to shift and
scale the selected key frames to modify the existing data.
Compared with the trajectory in the time domain, Williams
and Bruderlin are used to adjust, modify, and reuse the
existing animation data in the frequency domain. Compared
with moving animation technology and process animation
technology, the advantage of motion mixing technology is
that it can use the existing real capture data for animation
generation. Moreover, this technology gives the animation
creator and key frame animation compatible with a tool that
will be very convenient to deal with.

Compared with kinematics animation technology and
process animation technology, the advantage of the motion
blending technology, which belongs to the process animation
technology, is that it can make use of the existing real capture
data to generate animation [10]. Moreover, this technology is
compatible with key frame animation technology.

3. The Physics Engine Related Research

Generally, there are two types of physics engines: open source
physics engine and commercial physics engine.

Commonly used professional physics engines include
ODE, PhysX, Bullet, Havork, Newton, and Vortex. These
physics engines are widely used in the domains as graphics
modeling tools, game development, virtual reality systems,
and so on.

Collision detection is the technical core of physics engine,
so most of the research on physics engine is the research on
the collision detection algorithm. In real life, some reactions
occur naturally at and after the collision of objects [11].
However, in the virtual world, the collision issue needs some
algorithms to be solved. Collision detection is the important
part of the domains like Robot, VR, and so on. Its main
purpose is to determine whether two or more objects will
penetrate or contact. The research of collision detection is,
through a certain algorithm, to enable two or more objects
not to occupy the same spatial area at the same time, without
damaging the objects.

At present, there are two major categories of research on
collision detectionworldwide: spatial decompositionmethod
and bounding box method. The bounding box method
simulates a complexly shaped object into an approximate
simple three-dimensional space. The hierarchical bounding
box method of the bounding box method is suitable for the
collision detection in complex environment.

The ODE (Open Dynamics Engine) is an open source
library of rigid body dynamics that is often used in the simu-
lation of joint connections. ODE can be applied to simulate
the moving objects in the VR environment, legged crea-
tures, and vehicles on the ground. It is robust, flexible, and
fast. Flexibility is reflected in the portability; Unix/Linux,
Windows, andMacOS can be used. And it has a built-in colli-
sion detection system.

4. Research and Design of Character
Animation Simulation Based on ODE

4.1. Dynamics Modeling of Simulated Vehicle Based on ODE.
In ODE, there is a special type of joint as shown in Figure 1.

Hinge-2 joint is made up of two noncoaxial hinges. The
utility model comprises two rotating shafts and a supporting
point. Among them, Axis 2 can only rotate around the axis;
however, Axis 1 not only can rotate around the axis but also
can limit the scope of its rotation.

The car model consists of body and wheels. According to
the joint type of Hinge-2, Body 1 can represent the body and
Body 2 can represent the wheel; similarly, Axis 1 can represent
the steering wheel of the wheel and Axis 2 can represent the
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Figure 1: Hinge-2 joints [20].

wheel rolling shaft. In the dynamics design of the ODE
system, ODE rigid object with the quality and position is
generated, and ODE geometry corresponding to the rigid
body is created at the same time. Finally, the body and the
wheels are connected by Hinge-2 joint. A simple car model
has been built.

4.2. Simulation of Character Collision Based on ODE. The
simulation process of character collision based on ODE is as
follows.

4.2.1. Spatial Initialization in Collision Simulation. At this
stage, it is necessary to set the type of collision space and the
relevant properties of the contact surface, such as flexibility,
elasticity, and friction.

4.2.2. Data Initialization in Collision Simulation. At this
stage, it is necessary to do somework on the initialization and
cleanup of the data before the collision simulation [12].

Collision Data Cleaning. Clear all kinds of collision informa-
tion, including clearing collision data, clearing contact group,
and destroying the current collision space. Then, reset all the
properties of the contact surface to comply with the needs of
the user.

According to user needs, create four-fork tree space,
hash space, and simple space. These three new types of
collision space use different collision detection algorithms
and different data structures. Different geometries are stored
using different data structures.

Collision Data Detection. Collision data is a custom variable
that stores all the data needed for a collision geometry. The
character object is the source of the data. Prior to the crash
simulation, you need to set up a collision data for each colli-
sion object and add the data to a list of collisions. Finally, the
collision information is transferred to the collision function
when the collision simulation is performed.

4.2.3. Collision Simulation Start. The simulation process
takes the time step as a unit. With the ODE simulator, simu-
lation to complete a time step for the unit collision effect

needs to use the current state before the impact and role of
the data and then the collision effect exerted on the role of
the body [13, 14]. This link needs to call the existing space
collision function in ODE. Finally, according to the data of
the contact nodes generated by the two contact rigid bodies in
the collision, the ODE completes the collision [15]. The space
collision function is a very important function in this link. Its
function prototype is

Void dSpaceCollide (dSpaceID space,
void ∗data, dNearCallback ∗callback).

This function determines which geometries are likely to
occur in space and then calls the callback function to handle
the pair of geometries and finally completes the collision.

Callback’s function type is dNearCallback, defined as
follows:

Typedef void dNearCallback (void
∗data, dGeomID 𝑜1, dGeomID 𝑜2)

Among them, data is user-defined parameters, directly
from the dSpaceCollide pass. A pair of geometries that detect
a possible collision are represented by parameters 𝑜1 and 𝑜2
[16].This callback function then uses dCollide to generate the
contact point between the geometries. Then, these contact
points will be added to the simulation process as a contact
joint.

The following operation will occur inside the callback
[17]:

(i) Use the dCollide function to generate the selected
contact points between the geometries, while return-
ing the number of contact points.

(ii) Based on all the collision data in the previous link, for
each contact point, two eligible collision data points
are searched.

(iii) ODE completes the collision effect according to the
contact joint information contained in these two
collisions and shows the picture again.

4.2.4. Collision Simulation End. With the end of the ODE
simulation, the collision simulation also acts as a driving force
to stop the character of force. This link will do some related
data cleanupwork, which is conducive to the next simulation.

5. Implementation and Testing of Character
Animation Simulation

5.1. Creating an Example in the Character Animation. Open
the physics engine software and edit and run the C language
program to get the scenario shown in Figure 2.

In Figure 2, you can see the basic elements of the scene,
including the sky, the ground, the car, and the obstacles.

The simulation example consists of simple elements: the
power of vehicle comes from the motor; the power output
and the steering are set in the front wheel; the wheel and the
vehicle body joint through the hinge; the vehicle may have
interaction forces when touching any object of the scenario;
there is a collision detection device in the vehicle.
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Figure 2: Scenario picture.

Figure 3: Forward, backward, acceleration, and deceleration of the
vehicle model.

5.2. Testing. By setting the power of the vehicle, the interac-
tion force between the vehicle and the objects in the scenario,
as well as the ground slip rate, the simulation of the vehicle
motion, and collision process can be implemented.

The performance testing is shown in Figures 3, 4, and 5.
In the course of the testing, change the vehicle or the vari-

ous parameters of the surrounding environment and observe
whether the character change in the pictures conforms to the
kinetic principle.

5.2.1. Friction Testing. When the vehicle has contact with the
ground, change the Coulomb friction coefficientmu from the
original dInfinity (there will not be sliding contact) to 0 (no
friction contact).This coefficient must be set. And the testing
result is that thewheel is idling. At this time, the frontwheel as
the power output can only be idling, since there is no friction,
so the vehicle cannot move [18].

5.2.2. Penetration Testing. When the vehicle is in contact
with the ground, soft cfm is the contact normal flexibility
parameter, which is used to adjust the flexibility of the object.
Enlarging the soft cfm value, from the original 0.3 to 1,
indicates that there will be very obvious object penetration

phenomenon; the testing result is shown in Figure 6; there
appears very obvious penetration phenomenon between the
wheel and the ground [18].

5.2.3. Slide Coefficient Testing. Set the FDS (Force Dependent
Slip factor) to zero. After the vehicle model rolls over,
continue to give power to the vehicle, and the vehicle has
no side slide but has been static. (FDS indicates the lateral
slide phenomenon due to the lateral external force when
the object is moving, and the sliding distance is propor-
tional to the moving speed of the object and the external
force, so FDS is also called lateral force slide coefficient
[18, 19].)

If the FDS slide coefficient of friction is set to 0.1,
continue to give power to the vehicle after its rollover, and the
vehicle can still move laterally. The testing result is shown in
Figure 7.

When the world is created, the 𝑧-axis direction of
gravity acceleration that is set to 0 can be obtained as in
Figure 8.

From the test results, due to the acceleration of gravity of
0, there is simulation of the suspension in the vehicle.

Through the simulation of the car and the surrounding
environment of various parameters set, you can carry out a
variety of physics engine-based animationa simulation.

6. Summary

Regarding the research on the simulation of character
animation, there have been many achievements at home
and abroad. On the basis of studying and researching the
existing scientific research achievements, this article has
done the following works: in-depth research on the main-
stream computer character animation production technolo-
gies; in-depth analysis and research on the mainstream
physics engines; in-depth research on the related collision
detection algorithms; designing and building the simulation
architecture, to make the character animation simulation
feasible by using ODE engine; building the simulation
experiment platform and successfully operating examples
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Figure 4: Turning and climbing of the vehicle model.

Figure 5: The vehicle model has high-speed collision with obstacle and rollover, due to high-speed turning and rushing out of the ramp.

Figure 6: Comparison between preadjusted and adjusted penetration effects.

Figure 7: Horizontal movement.

to implement the ODE-based character animation simula-
tion; and carrying out the test and analysis with different
parameters.

The focus for next research includes the following: from
the vehicle motion model upgrading to the more complex
human body motion model, simulating the more complex

and precise movements of human body; establishing differ-
ent controllers for different character models and motion
states and implementing more efficient and more realistic
simulation through more intelligent controllers; enabling
the natural switch-off states of character through animation
blending technology.
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Figure 8: Vehicle suspension.
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[9] Z. Popović, “Controlling physics in realistic character anima-
tion,” Communications of the ACM, vol. 43, no. 7, pp. 51–58,
2000.

[10] M. Zhang, Research on Dynamic Fault Diagnosis Method for
Vehicle Mounted Track, North Central University, 2014.

[11] T. Zhang, Research on Automobile Virtual Driving Training
System Based on Quest 3D, Henan Polytechnic University, 2012.

[12] X. Yang, Improvement and Optimization of Collision Detection
Module for Space Desktop System, Capital Normal University,
2011.

[13] T. Wang, “Adaptive stochastic collision detection between
deformable objects using particle swarm optimization,” in
Proceedings of the EvoWorkshops (EvoIASP ’06), 2006.

[14] F. A.Madera, A.M. Day, and S. D. Laycock, “A hybrid bounding
volume algorithm to detect collisions between deformable
objects,” in Proceedings of the 2nd International Conferences on
Advances in Computer-Human Interactions (ACHI ’09), pp. 136–
141, IEEE, Cancún, Mexico, February 2009.

[15] Y. Zou, G. Ding, M. Xu, and Y. He, “Overview of real time
collision detection algorithm,” Computer Application Research,
no. 1, 2008.

[16] J. T. Klosowski, M. Held, J. S. B. Mitchell, H. Sowizral, and
K. Zikan, “Efficient collision detection using bounding volume
hierarchies of k-DOPs,” IEEE Transactions on Visualization and
Computer Graphics, vol. 4, no. 1, pp. 21–36, 1998.

[17] R. Smith, “Open Dynamics Engine v0.5 User Guide,” 2006,
http://www.ode.org/ode-latest-userguide.html.

[18] T. Geijtenbeek and N. Pronost, “Interactive Character Anima-
tion using Simulated Physics,” Games and Virtual Worlds, 2011.

[19] M. Wang, Research and Practice of Virtual Reality Art in
Engineering, Harbin Engineering University, 2010.
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Text representation is a basic issue of text information processing and event plays an important role in text understanding; both
attract the attention of scholars.The event network conceals lexical relations in events, and its edges express logical relations between
events in document. However, the events and relations are extracted from event-annotated text, which makes it hard for large-
scale text automatic processing. In the paper, with expanded CEC (Chinese Event Corpus) as data source, prior knowledge of
manifestation rules of event and relation as the guide, we propose an event extraction method based on knowledge-based rule of
event manifestation, to achieve automatic building and improve text processing performance of event network.

1. Introduction

Text representation is an important issue in natural language
processing, such as information retrieval and text classifi-
cation. An appropriate representation not only can reflect
text semantic, theme, and structure but also can improve the
computational efficiency. In recent years, there is a tendency
to use richer text representations than just keywords-based
and concepts-based ones in the field of text information
processing.

Event originated from cognitive science often appears
in the literature of philosophy, cognitive science, linguistics,
and artificial intelligence. It has been widely used in the
computational linguistics as well as information retrieval
and various NLP applications, which plays a special and
important role in understanding text semantic. It not only
contains specific correlations among a group of text elements
but also indicates logical dependencies of things and attracts
more and more attentions of researchers. Cognitive scientists
believe that event is not only the basic unit of human
cognizing and understanding objective world but also storage
cell of proposition memory [1]. Most of the current natural
language processing technologies lay particular stress on the
theory of grammar structure, while ignoring the importance

of semantic understanding, especially event semantic under-
standing [2]. Event-based text representation conforms to
the rules of human cognition and natural language under-
standing.

Seen from present literature on event-based text repre-
sentation we have consulted, there are the following main
problems:

(1) The research on event-based text representation is still
in its infancy; the thinking of event network is just
beginning to blossom that it is necessary to be further
explored.

(2) The operations and applications on event network
need to be raised and further researched.

Against the shortcomings of current traditional text
representation, the paper takes event as feature item of text
and proposes an event-based text representation method.
Event is regarded as semantic unit of text, and the events
are connected by certain types of relations in the text, and
these events imply correlations of linguistic units in the
text by making the linguistic units (word, concept, sentence,
etc.) as certain elements of event. It no longer regards text
as an aggregation of independent words; consequently, the
problem of “a bag of words” in classic text representation is
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solved. Event network not only keeps semantic information
of text and presents events and relations between events but
also reflects importance and dynamic behavior of events.
Compared to a traditional text representation, event network
can express the higher granularity of semantic meaning,
closer to the reality and easier for computers simulating text
understanding andmemorizing of human. Itwill provide new
technology and method for semantic-based text information
processing.

The paper is organized as follows: Section 2 introduces
the related work. Section 3 constructs event network of
Chinese texts in the field of emergencies. Section 4 evaluates
the representing effect of event network. In Section 5, the
formal definition of event network model for Chinese text
is generalized by inducting and abstracting the instances
of event network, and then the advantages of the model
are analyzed. Finally, we summarize the paper and give an
outlook of the future study.

2. Related Work

2.1. The Shortcoming of Traditional Text Representation. In
the fields of information retrieval and natural language
processing, the traditional text representationmodels mainly
include the following: Boolean model [3], VSM (vector space
model) [4, 5], BOW (bag of words) [6], LSI (latent semantic
index) [7], LDA (latent Dirichlet allocation) [8], probability
retrieval model [8], N-gram model [9], and language model
[10].

Semantic information of text is composed of two parts:
text component term (word, concept, sentence, etc.) and
relationships between terms. Traditional text representation
ignored the value of the order and relationships of the
component terms on semantic expressing and assumed that
the terms are independent, while, in fact, the semantic
meaning of text is related to not only component terms and
their frequency but also assembly rules and the order of
terms, which means that the word-to-word and sentence-
to-sentence relationships have an effect on text semantic.
The same terms with same frequencies may express different
semantic, such as the two following text snippets “Tom gave
Mary a book as birthday gift” and “Mary gave Tom a book as
birthday gift”; traditional text representation cannot express
the difference between them [11]. Text representation based
on word unit or concept unit will miss the information
of relationships between terms, which will loss semantic
meaning of text and result in failing to reflect higher level
of semantic information. From the view of event semantic
understanding, the above two text snippets express two
different events.

In various texts, such as novel, opera, biography, and news
reports, that contain many events, traditional text represen-
tation did not pay enough attention to event or represent
event and relations appropriately. From the perspective of
semantic understanding, linguists think that text is not only
a group of attributes and concepts but also a describer
of a series of events in a higher granularity; according to
the thinking, these texts should be regarded as a group
of events related by some relations, which is much closer

to the laws of human cognition and understanding. From
the perspective of formation of text, elementary language
units (word, concept, sentence, etc.) form sentence by certain
linguistic rules and sentences form a sequence of sentences
or paragraph and then form text and express some semantic
meaning and theme. Taking event as semantic unit of text
and text component term as event-element only solves the
problemof “a bag ofwords” but also expresses the higher level
of semantic information.

2.2. Event-Oriented Text Representation. (Although the def-
initions of event are not unified in different applications,
most of them emphasize two kinds of event attributes, action
(verb or gerund) and characteristics of action (participant,
location, time, etc.), so most researches are centered on verb
and attributes of verb. In the paper, attribute of event is
called event-element or element for short.) Looking from the
current literature we have consulted, little research has been
done on event-oriented text representation; the related work
mainly includes the following.

Feng [12] proposed incident threading to represent English
news reports at sentence level. The texts that describe the
occurrence of a real-world happening are merged into a news
incident, and incidents are organized in an incident threading
by dependencies of predefined types. However, it does not do
well in representing Chinese texts.

Glavaš and Šnajder [13] proposed an event-based text
representation; however it only has temporal relation. Zhao-
Man and Zong-Tian [14] proposed event lattice to represent
narrative texts based on concept lattice. In the lattice, text is
the object, event is the attribute, and binary relation is used
to judge whether an event belongs to a text. Although lattice
has precise mathematical properties, its describing power is
weak, lacking the ability to express luxuriant relations. And
obviously the event lattice has no meaning to one text. It is
more suitable to represent inclusion between a group of texts
and events than relations between events in a text.

Jian-fang and Yun-yu [15] expounded the thinking of
event-based text representation in the paper named “The
Research on Event-Oriented Text Representation.” This
paper discussed the feasibility and adaptability of event-
based text representation for Chinese news reports at genre
and arrangement of text. However it oversimplified relations
between events, resulting in the fact that its representing
power is weak. Thus there are still many issues need to be
further studied.

Extracting events is the most important thing of event-
based text representation. The three main approaches of
extracting events are data-driven [16], knowledge-driven [17],
and hybrid [18]. The accuracy is about 70 percent according
toACE (Automatic Content Extraction).Thepaper uses prior
knowledge-guided approach.

3. Constructing Event Network of Chinese
Text in the Field of Emergencies

Our experimental corpora, CEC (Chinese Event Corpus), are
collected from Internet, the texts of which can be divided
into five categories: earthquake, fire, traffic accidents, terrorist
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Table 1: Statistics of annotated texts.

Text 300
Event 3977
Relation 2023
Coverage of text 85%

attack, and food poisoning according to the classification
system of news report about emergency event [19]. Up to
now, there are 500 texts in CEC, and 300 ones of them are
human annotated event and relations. Some rules have been
discovered based on the annotations using mining technol-
ogy. KBR-EM(knowledge base of rule of eventmanifestation)
has been constructed on CEC.

Verb plays an important role in semantic understanding;
it is also core of event. As long as there is verb, it will involve
maker and/or receiver of action, and certain regular collo-
cation relationships will be established between action and
involved entities; based on this, language would form various
basic syntactic configurations and then explain construction
of statement and relationship of vocabulary, and so forth. By
annotating event on CEC, we find that event corresponds to
verb or gerund, and 83%of these verbs or gerunds involve one
or two entities, and arrangement of different text typology
could affect the layout of events.The relations between events
in text are as follows: some are contained in verb of sentence,
some are expressed by conjunction (many conjunctions of
text virtually show nontaxonomic relation between events,
such as “because, therefore” indicates causation), and some
are implied in the order of events (such as following relation);
the experiment shows that two events will appear successively
in text with great probability if there is a relation between
them in reality. Our experiments show that events and
relations meeting the above findings can cover 85% of entire
text. Furthermore, following and causation are the largest
number of relations, accounting for 81% of total relations.
Statistics of the annotation are displayed in Table 1, where
coverage of text is the ratio of event-contained sentences to
total sentences. Thus it can be seen that event-based text
representation will express text information appropriately.

The guidance of the KBR-EM modified the existing NLP
tools (such as tokenizer, part-of-speech tagger, syntactic
analyzer, and HowNet), and all of the programs are imple-
mented in Java. Text is processedwithword segmentation and
POS tagging, syntax analysis and grammatical component
tagging, identifying sentence and sentence components, and
corresponding sentence or sentence components to event or
event elements, regarding verb and gerund as trigger of event.
and removing stop-using verbs, such as high-frequency verbs
(be, do, have, etc.) and subjective verbs (feel, believe, etc.).
Such events belong to stop-using events that are triggered
by stop-using verbs; furthermore, stop-using events also
include future events and negative events that are triggered
by future-tense and negative-form verbs, respectively. Stop-
using events should not be included in event network of
text. Trigger-associatedmajor components of action are other
elements (time, place, subject/predicate-participant, etc.) of
the event.

For the identified events, use electronic dictionary and
ontology and make concept-climbing after mapping trigger
of event into concept. Cluster event and generate event
hierarchy by clustering based on the above climbed result,
and taxonomic relations between events will be identified.
According to the conjunction and other syntactic compo-
nents of sentences where events are extracted from, consult
the findings on relations mentioned above and identify
nontaxonomic relations between events.

After identifying events and relations, event network is
constructed as follows. Events in the text are arranged in a
special directed graph. A named edge from event A to event B
means that there is a relation between them in the text, either
taxonomic (A is a B, forming multi-inheritance-allowed
inheritance diagram) or nontaxonomic, such as causation (A
leads to the happening of B), following (Aprecedes B in time),
and composition (A is a part of B). And if there is more than
one relation between event A and event B, then one relation
is linked to one edge.

4. Experiment and Evaluating
Representing Effect

Representing effect could measure whether a text represen-
tation method can represent information of original text
appropriately and properly. The paper evaluates representing
effect of event network with event recall rate (ER), event
precision rate (EP), relation recall rate (RR), and relation
precision rate (RP).

To compare between events and relations, the paper
specifies some rules as follows:

(1) Two events are identical if and only if corresponding
event elements are identical that are contained in the
individual event.

(2) Two relations are identical if and only if corre-
sponding items are identical that are contained in
the individual relation tuple. For taxonomic rela-
tion 𝐼𝑠−𝑎(𝑒𝑢, 𝑒𝑙), where 𝑒𝑢 is superevent or upper-
event, 𝑒𝑙 is subevent or lower-event. For directed
nontaxonomic relation 𝑟⟨𝑒1, 𝑒2⟩ and undirected non-
taxonomic relation 𝑟(𝑒1, 𝑒2), where 𝑟 is name of the
relation, 𝑒1 and 𝑒2 are two events that are connected
by the relation

Evaluating on event set of event networks of texts in
the field of emergency, as shown in Figure 1, the average
recall rate and precision rate are 82% and 88%, respectively.
Evaluation of relation set is shown in Figure 2; the average
recall rate and precision rate are 76% and 85%, respectively.
Compared with previousmethod [15], themethod constructs
event network from tagged corpus with events, causation,
and following relations, the resulting event network added
another adjacent relation and event-element-shared relation.
Its event recall and precision rate will be higher, and events
contained in the event network can be viewed as complete
and correct in theory. According to the findings described
in Section 3, nontaxonomic relation recall rate should be at
least 81%. However, there are large amount of redundancy
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Table 2: Comparison for event network and incident threading.

ER EP Event 𝐹 measure RR RP Relation 𝐹 measure
Event network 82% 88% 84% 76% 85% 80%
Incident threading 41% 98% 58% 18% 92% 30%
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Figure 2: Evaluation of relation set.

and error in adjacent and event-element-shared relation; for
example, adjacent relation could actually be following or with
no meaningful relation, and event-element-shared relation is
too general to specify a relation. So relation precision rate of
this method is far inferior to the paper.

Incident threading [12] did well in representing prepro-
cessed grouped English news texts; however, it is less suitable
for Chinese text than event network. Evaluating the two
representation methods is shown in Table 2.

5. Event Network Model for Chinese Text

An event network contains one or more events that are
connected by relations. Events in the network are arranged
in a graph, and two events are directly connected by one
or more directed/undirected edges (the number of edges
depends on the number of relations between the two events)
and have some relations. The text representation method is
called event network. Though constructing event networks
of a large number of texts, we discover that event network is

different from general directed digraph.There is information
on its each node and each edge, and multiple edges may
exist between two nodes. The formal event network model is
defined as following by generalizing and abstracting instances
of event networks.

Definition 1 (event network). The tuple EN = (𝐸, 𝑅 ⬦
(𝑅𝑇, 𝑅NT)) is called event network that meets the following
conditions:

(1) 𝐸 = {𝑒} is nonempty node set, called event set.

(2) 𝑅 ⬦ (𝑅𝑇, 𝑅NT) is edge set, called relation set.

𝑅 includes taxonomic relation 𝑅𝑇 and nontaxonomic
relation 𝑅NT. Taxonomic relation 𝑅𝑇 = {𝐼𝑠−𝑎(𝑒𝑢, 𝑒𝑙) |
𝑒𝑢 ∈ 𝐸, 𝑒𝑙 ∈ 𝐸} forms multi-inheritance-allowed
inheritance diagram, where 𝑒𝑢 is superevent and
𝑒𝑙 is subevent. 𝑅NT forms special graph structure,
including directed 𝑅NT = {𝑟⟨𝑒1, 𝑒2⟩ | 𝑒𝑢 ∈ 𝐸, 𝑒𝑙 ∈ 𝐸}
and undirected 𝑅NT = {𝑟(𝑒1, 𝑒2) | 𝑒𝑢 ∈ 𝐸, 𝑒𝑙 ∈ 𝐸},
where the relation between event 𝑒1 and 𝑒2 is named
as 𝑟.

Event network can be seen as directed graph. It not only
keeps semantic information of text and represents events
and relations between events but also reflects importance,
dynamic behavior, and state changing of events. Compared
with traditional text representation such as VSM, the salient
advantage of event network is that it implies correlations
among linguistic units of the text in its events, which not only
solves the problem of “a bag of words” but also inflects the
higher granularity of semantic meaning.Meanwhile relations
link events together that can express logical dependencies of
things and reflect the occurrence and development process of
event.

Event network is a directed graph with information on
its nodes and edges. Using all information, various calcu-
lations can be done on it by considering some properties
of directed graph; for example, an event network can be
clustered according to the similarity of events, partitioned
into hierarchical structure with different threshold value, and
reduced according to importance of event or can keep some
other properties. The similarity of texts can be calculated
according to the matching of their individual event network;
some knowledge can be obtained through mining frequent
and simultaneous event elements in multiple event networks.
These calculations must meet not only properties of graph
but also meaning of information on nodes and edges of event
network, so the unique properties and special computation
model of event network need to be researched. Establishing
abstract operations on event network, some problems will be
solved by mathematical methods, which are a kind of good
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form for semantic calculation and will support event-based
text information processing.

6. Conclusions and the Future Work

The paper introduced requirement of event-based text rep-
resentation. The formal event network model for Chinese
text is defined by abstracting instances of event network
on CEC texts. The difference between event network and
traditional text representation is that event network keeps
semantic information of text, no longer regards text as an
aggregation of independent words, and solves the problem
of “a bag of words.” In addition, it reflects relations among
events, importance, and dynamic behavior of event. Our
experiments demonstrate the feasibility, adaptability, and
advantage of event network as a text representation method.

In the future work, we will study computations on event
network by using graph theory, clustering, formal concept
analysis, granular computing, and so forth, considering par-
ticularity of themodel. In thisway, various applications of text
will be solved by mathematical methods. Theoretical model
and method support for present text information processing
based on semantic meaning will be provided.
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Recommender system is a very efficient way to deal with the problem of information overload for online users. In recent years,
network based recommendation algorithms have demonstrated much better performance than the standard collaborative filtering
methods. However, most of network based algorithms do not give a high enough weight to the influence of the target user’s nearest
neighbors in the resource diffusion process, while a user or an object with high degree will obtain larger influence in the standard
mass diffusion algorithm. In this paper, we propose a novel preferential diffusion recommendation algorithm considering the
significance of the target user’s nearest neighbors and evaluate it in the three real-world data sets: MovieLens 100k, MovieLens 1M,
and Epinions. Experiments results demonstrate that the novel preferential diffusion recommendation algorithm based on user’s
nearest neighbors can significantly improve the recommendation accuracy and diversity.

1. Introduction

With the rapid development of Internet in the past years,
the amount of online information increases at an exponential
speed, which leads to information overload problem. When
faced with vast amount of information, we can hardly
find the valuable information accurately and quickly. The
personalized recommender system is one of themost effective
tools to resolve this problem, and it also can help enterprises
make the users’ potential demand a realistic demand [1, 2].

To date, various recommendation methods have been
proposed and developed. One of the most successful recom-
mender systemmethods is based on the collaborative filtering
technique [3–5]. Recently, some physical methods, such as
mass diffusion [6–9] and heat conduction [10, 11], have found
applications in personalized recommendation. Standard
mass diffusion algorithm applied the three-step mass diffu-
sion starting from the target user on a user-object bipartite
network, which accurately outperforms the standard collab-
orative filteringmethods [1].Many different bipartite network
based methods [12] are proposed to achieve even better
recommendation performance. In [6], Zhou et al. proposed

a hybrid method by combining the mass diffusion and heat
conduction to solve the apparent diversity-accuracy dilemma
of recommender systems. Motivated by enhancing the pref-
erential diffusion algorithm’s ability to find unpopular and
niche objects, the preferential diffusion has been designed in
[9].Moreover, Zhang and Zeng proposed a strategy to adding
some virtual connections to the networks, which is useful to
deal with the cold start problem in recommender system [13].

However, all these methods do not give a high enough
weight to the influence of the target user’s nearest neighbors
in the resource diffusion process. As we all know, birds of a
feather flock together. The user’s nearest neighbors are the
ones who have similar taste with the given user. Therefore
we introduce a novel preferential diffusion recommendation
algorithm considering the significance of the target user’s
nearest neighbors in the diffusion process.

2. Methods

A recommender system can be represented by a bipartite
network 𝐺(𝑈,𝑂, 𝐸), where 𝑈 = {𝑢1, 𝑢2, . . . , 𝑢𝑚}, 𝑂 = {𝑜1, 𝑜2,
. . . , 𝑜𝑛}, and 𝐸 = {𝑒1, 𝑒2, . . . , 𝑒𝑞} are the sets of users, objects,
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Figure 1: Standardmass diffusion algorithm at work on the bipartite
user-object network. Users are shown as circles and objects are
squares. The target user is indicated by the black circle.

and links, respectively [7]. Denote by 𝐴𝑚×𝑛 the adjacency
matrix, where the element 𝑎𝑖𝑎 = 1 if the user 𝑖 has selected
the object 𝑎 and 𝑎𝑖𝑎 = 0 otherwise.

2.1. Standard Mass Diffusion Recommendation Algorithm. As
is shown in Figure 1, the standard mass diffusion (SMD)
algorithm is equivalent to a three-step random walk process.
At first, objects in the bipartite network are assigned an initial
resource 𝑓, with 𝑓𝑖 = {𝑓𝑖1, 𝑓

𝑖
2, . . . , 𝑓

𝑖
𝛼, . . . , 𝑓

𝑖
𝑛} for the target

user 𝑖. For simplicity, if an object is collected by the user 𝑖, its
initial resource is assigned to be 1, otherwise it is assigned to
be 0.That is to say, the initial resource vector𝑓 can be written
as

𝑓𝑖𝛼 = 𝑎𝑖𝛼. (1)

Then, each object’s resource is redistributed to the user
who has collected the object averagely, and the user’s resource
is the sum of the resources received from objects. At last, each
user’s resource was reallocated to the objects which he has
collected averagely.The final score of the object’s resource can
be calculated via the transformation𝑓 = 𝑊𝑓, where𝑊 is the
resource transfer matrix.

𝑤𝛼𝛽 =
1
𝑘𝛽

𝑚

∑
𝑙=1

𝑎𝑙𝛼𝑎𝑙𝛽
𝑘𝑙

, (2)

where 𝑘𝛽 is the degree of the object 𝛽 and 𝑘𝑙 is the degree of
the user 𝑙.

2.2.TheNovel Preferential Diffusion AlgorithmBased onUser’s
Nearest Neighbors. Following on from previous research
[14], the diffusion process of the novel preferential diffusion
recommendation algorithmbased onuser’s nearest neighbors
(NNMD) is shown in Figure 2. At first, we calculate the
Jaccard similarities between the target user 𝑖 and the other
users to get the top 𝑁 similar neighbors. The formula of
Jaccard similarity reads

𝐽𝑖𝑗 =
𝑁𝑖 ∩ 𝑁𝑗

𝑁𝑖 ∪ 𝑁𝑗

, (3)

where 𝐽𝑖𝑗 is the Jaccard similarity between user 𝑖 and user 𝑗
and 𝑁𝑖 and 𝑁𝑗 are the user neighbors set of user 𝑖 and user
𝑗, respectively. Then we can get the objects’ initial resource

denoted by the vector𝑓1, with𝑓
𝑖
1 = {𝑓𝑖11, 𝑓

𝑖
12, . . . , 𝑓

𝑖
1𝛼, . . . , 𝑓

𝑖
1𝑛}

for the target user 𝑖. 𝑓1 can be written as

𝑓𝑖1𝛼 = 𝑎𝑖𝛼 + ∑
𝑘∈𝑈

𝑎𝑘𝛼, (4)

where 𝑈 is the nearest neighbors set of the target user 𝑖. In
Figure 2, 𝑓1 = (3, 1, 2, 2, 0). But only the objects which the
target user 𝑖 has selected can distribute the resources to users
and then redistribute them via the transformation

𝑓2 = 𝑊(𝑓1𝑓) , (5)

where𝑊 is the same as (2). In Figure 2, 𝑓2 = (2, 0.5, 1, 1.5, 0).
Finally, we use the linear combination the resources vectors
𝑓1 and 𝑓2 to get the last objects’ resources vector 𝐹. That is to
say,

𝐹 = 𝛼𝑓1 + (1 − 𝛼) 𝑓2, (6)

where 𝛼 is a variable parameter from 0 to 1.

3. Data and Metrics

3.1. Data. To test the algorithmic performance, we use three
benchmark data sets as shown in Table 1.The sparsity of these
data sets is shown in the last column of Table 1. They are
very sparse, especially Epinions data set. MovieLens 100k and
MovieLens 1M data sets [15] were collected by the GroupLens
research group.They consist of 100000 ratings from 943 users
on 1682 differentmovies and 1000209 ratings from6040 users
on 3952 different movies, respectively. The ratings are integer
numbers in the range of 1 to 5 scales.TheEpinions data set [16]
consists of 22166 users, 296277 objects, and 922267 ratings. It
is noted that Epinions data set is highly sparse. Users only rate
a small number of items in the system, and, in order to get
better results, we delete those users and objects with degree
less than 7. Finally, we get a new data set which consists of
4066 users, 7649 objects, and 154122 ratings. We randomly
divide the data sets into two parts: the training set𝐸𝑇 contains
80% of the data and the remaining 20% of data constitutes the
probe set 𝐸𝑃.

3.2. Metrics. There has been considerable research in the
area of recommender systems evaluation. Accuracy is the
most important aspect in evaluating the recommendation
algorithmic performance. In this paper, we use ranking score
[8] to measure the ability of a recommendation algorithm to
generate a ranking list of the target user’s uncollected objects
that matches the users’ preference. For the target user 𝑢𝑖, the
recommendation algorithm will return 𝑢𝑖 a ranking list of all
his unselected objects and, according to 𝐸𝑃, if 𝑢𝑖 has selected
the object 𝑜𝑗 and 𝑜𝑗 is at 𝑟𝑖𝑗th place in the ranking list, we say
the position of 𝑜𝑗 is

𝑅𝑖𝑗 =
𝑟𝑖𝑗
𝐿
, (7)



International Journal of Digital Multimedia Broadcasting 3

n

n

3

1

2

2

0

Step 1 Step 2 Step 3 Step 4

n

n

3

0

0

2

0

n

n

2

2

1

0

n

n

2

1

0.5

0

1.5
n

n

1 + (1 − )0.5 = 0.5 + 0.5

3 + (1 − )2 =  + 2

2 + (1 − )1 =  + 1

2 + (1 − )1.5 = 0.5 + 1.5

0 + (1 − )0 = 0
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Table 1: Basic properties of the three data sets and the sparsity is
defined as 𝐸/(𝑁𝑢𝑁𝑜).

Network 𝐸 𝑁𝑢 𝑁𝑜 Sparsity
MovieLens 100k 100000 943 1682 0.063
MovieLens 1M 1000209 6040 3952 0.042
Epinions 154122 4066 7649 0.005

Table 2: The four cases of the unselected objects of the target user
in the recommender system.

User likes Recommender system
recommended

Recommender system did
not recommend

Likes 𝐶𝑡𝑝 𝐶𝑓𝑛
Does not like 𝐶𝑓𝑝 𝐶𝑡𝑛

where 𝐿 is the number of his unselected objects. We obtain
the mean value of all the user-object ranking scores in 𝐸𝑃;
namely,

𝑅 = 1
𝐸𝑃


∑
𝑖𝑗∈𝐸𝑃

𝑅𝑖𝑗. (8)

Clearly, the larger the ranking score, the lower the
algorithm’s accuracy and vice versa.

In the practical recommender system, we may consider
the number of objects that users like in the recommendation
list. Therefore, we take another accuracy metric called preci-
sion. For a target object 𝑜𝑗 and user 𝑢𝑖, there are four cases in
the recommender system. The first is that the recommender
system recommended the object and user likes it.The second
is that recommender system recommended the object but
the user does not like it. The third is that the user likes the
object but the recommender system did not recommend it.
Finally is the case that the user does not like the object and
the recommender system did not recommend it. As is shown
in Table 2, 𝐶𝑡𝑝, 𝐶𝑓𝑛, 𝐶𝑓𝑝, and 𝐶𝑡𝑛 denote the number of the
objects in the four cases.

For a target user 𝑢𝑖, the precision of recommendation
𝑃𝑖(𝐿) is defined as

𝑃𝑖 (𝐿) =
𝐶𝑡𝑝
𝐿

=
𝐶𝑡𝑝

𝐶𝑡𝑝 + 𝐶𝑓𝑝
. (9)

We obtain the mean precision 𝑃(𝐿) of all the users
in the recommender system. Besides accuracy, diversity is
taken into account as another important aspect to evaluate
the recommendation algorithm. There are two kinds of
diversity. One is called intrauser-diversity [17]; the other is
called interuser-diversity [18]. In this paper, we consider the
interuser-diversity. It considers the different objects between
users in the recommendation list. For two users 𝑢𝑖 and 𝑢𝑗, the
differences can use be measured by the Hamming distance
[18]:

𝐻𝑖𝑗 (𝐿) = 1 −
𝑆𝑖𝑗 (𝐿)
𝐿

, (10)

where 𝑆𝑖𝑗(𝐿) is the number of common objects between 𝑢𝑖
and 𝑢𝑗 in the recommendation list and 𝐿 is the length of the
recommendation list. Clearly, if 𝑢𝑖 and 𝑢𝑗 have the same rec-
ommendation list, 𝐻𝑖𝑗(𝐿) = 0, while if the recommendation
lists are completely different,𝐻𝑖𝑗(𝐿) = 1.

In reality, it has been found that a recommender system
which has a high accuracy might not be satisfied by the
users [19]. For example, for a film website, recommending
the popular films to the users may not always be the best
recommendation, because users might have already seen
those films in other ways. A good recommender system can
find the objects that match the users’ preferences and are
unlikely to be already known. As a result, the novelty is also
often used in evaluating the recommendation algorithmic
performance.

The average degree of objects in the recommendation
list is widely used to identify the novelty of a recommender
system [20], which is defined by

𝑁(𝐿) = 1
𝑀𝐿

∑
𝑢

∑
𝑜𝜕∈𝑂
𝑖

𝑅

𝑘𝑜𝜕 , (11)

where 𝑀 is the number of users, 𝑂𝑖𝑅 is the recommendation
list for user 𝑢𝑖, and 𝑘𝑜𝜕 is the degree of the object 𝑜𝜕.
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Table 3: Algorithmic performance for MovieLens 100k, MovieLens 1M, and Epinions data.The precision, interuser-diversity, and novelty are
corresponding to 𝐿 = 20. The parameters for NNMD are𝑁 = 50 and 𝛼 = 0.9 in MovieLens 100k and MovieLens 1M, while, in Epinions, the
parameters are𝑁 = 10 and 𝛼 = 0. The entries corresponding to the best performance over all methods are emphasized in bold.

Data set Algorithms Ranking score Precision Interuser-diversity Novelty

MovieLens 100k NNMD 0.059537 0.2242 0.8401 237
SMD 0.069011 0.1971 0.6970 279

MovieLens 1M NNMD 0.077039 0.2726 0.8816 1340
SMD 0.095269 0.1949 0.5865 1828

Epinions NNMD 0.180439 0.0374 0.6787 204
SMD 0.181141 0.0357 0.6743 205
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Figure 3: The overall ranking score of the NNMD algorithm under different𝑁 and 𝛼 in MovieLens 100k, MovieLens 1M, and Epinions data
set and the ranking score of the SMD algorithm in MovieLens 100k, MovieLens 1M, and Epinions.

4. Results and Discussion

In our first set of experiments, we compare the ranking score
of the NNMD algorithm under different 𝛼 and top 𝑁 (𝑁
is the number of the target user’s nearest neighbors) with
that of the SMD algorithm. The results on MovieLens 100k,
MovieLens 1M, and Epinions data are reported in Figure 3.
Clearly, we can see that in MovieLens 100k and MovieLens
1M, with the increase of 𝑁, the rank score is smaller and
smaller; that is to say, the recommendation accuracy is getting
better and better. However, when 𝑁 is more than 30, the
change of rank score is very small. Moreover, as long as 𝛼 is
not equal to 0 or 1, the rank score of ourmethod is better than
that of the SMD algorithm. It is interesting to note that the
optimal parameters of ourmethod are the same inMovieLens
100k and MovieLens 1M, which are 𝑁 = 50 and 𝛼 = 0.9,
while, in Epinions, the improvement of the rank score is not
significant. When 𝛼 is greater than 0 or 𝑁 is greater than 20
the rank score of the NNMD algorithm is a little worse than

that of the SMD algorithm, and, with the change of 𝛼 and𝑁,
the rank scores of the two algorithms are almost the same.
But when 𝑁 is less than 20 and 𝛼 = 0, the rank score of
our method is getting better than that of the SMD algorithm.
Clearly, we can get the optimal parameters𝑁 = 10 and 𝛼 = 0
in Epinions.

Then we examined the performance in precision,
interuser-diversity, and novelty of our novel algorithm at the
optimal parameters 𝑁 and 𝛼. Summaries of the results for
all algorithms and metrics on MovieLens 100k, MovieLens
1M, and Epinions data sets are shown in Table 3. The optimal
parameters are subject to the lowest ranking score. The other
three metrics, namely, precision, interuser-diversity, and
novelty, are obtained at the optimal parameters. Clearly, the
NNMD algorithm outperforms the SMD algorithm over all
four evaluation metrics.

The comparison of precision between NNMD and SMD
in three data sets under different length of recommendation
list is shown in Figure 4. It clearly indicates that the precision
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Figure 4: The precision of NNMD and SMD algorithm in MovieLens 100k, MovieLens 1M, and Epinions under different length of
recommendation list. The parameters for the NNMD algorithm are 𝑁 = 50 and 𝛼 = 0.9 in MovieLens 100k and MovieLens 1M while
they are𝑁 = 10 and 𝛼 = 0 in Epinions.
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Figure 5:The interuser-diversity of the NNMD and SMD algorithm inMovieLens 100k, MovieLens 1M, and Epinions under different length
of recommendation list. The parameters for the NNMD algorithm are𝑁 = 50 and 𝛼 = 0.9 in MovieLens 100k and MovieLens 1M while they
are𝑁 = 10 and 𝛼 = 0 in Epinions.

of the NNMD algorithm is better than that of the NMD
algorithm in all the three data sets and it has a very significant
improvement in MovieLens 100k and MovieLens 1M. That is
to say, our method can recommend objects for users more
accurately.

Figure 5 shows the comparison of interuser-diversity
between our method NNMD and SMD in three data sets
under different length of recommendation list. It clearly
shows that interuser-diversity of our NNMD algorithm is
better than that of the SMD algorithm in all the three data
sets, especially in MovieLens 100k and MovieLens 1M. In

other words, the objects in the recommendation list of our
method are more different between users.

Figure 6 shows the comparison of novelty between our
method NNMD and SMD in three data sets under different
length of recommendation list. It clearly indicates that the
novelty of ourmethod ismuch better than the SMD inMovie-
Lens 100k and MovieLens 1M, while, in Epinions, the results
of the two algorithms are very similar, but our method also
has a little improvement than that of the SMD algorithm.

In summary, the recommendation performance of our
method is better than that of the standard mass diffusion. In
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Figure 6: The novelty of NNMD and SMD algorithm in MovieLens 100k, MovieLens 1M, and Epinions under different length of
recommendation list. The parameters for the NNMD algorithm are 𝑁 = 50 and 𝛼 = 0.9 in MovieLens 100k and MovieLens 1M, while
they are𝑁 = 10 and 𝛼 = 0 in Epinions.

particular, the precision of our method increases an average
of 13.27% percent compared to that of the SMD inMovieLens
100k and increases an average of 35.9% percent in MovieLens
1M and increases an average of 4.47% percent in Epinions.
Although the improvement of the algorithmic performance
in some aspects is not significant in Epinions data set, the
reason may be that the data is so sparse that the novel
algorithm cannot get the proper user’s nearest neighbors and
it affects our algorithmic performance.

5. Conclusion and Future Work

Most of network based recommendation algorithms have
a tendency to recommend popular objects to the users [1]
because the object with high degree has a significant influence
in the resource diffusion process. In this paper we propose
a novel preferential diffusion recommendation algorithm
based on user’s nearest neighbors which give a high weight
to the influence of the target user’s nearest neighbors in the
resource diffusion process. Experimental results based on
MovieLens 100k, MovieLens 1M, and Epinions data set show
that making a suitable adjustment in the parameter 𝛼 or the
size of the user’s nearest neighbors set can help recommen-
dation algorithm get a better recommendation performance.
It can not only provide more accurate recommendations but
also generate more diverse and novel recommendations.

For future work, we intend to consider the level of rating
betweenuser andhis nearest neighbors.Moreover, wewill use
the trust data [21, 22] in the network, because it can be used to
find the nearest neighborsmore accurately in high sparse data
set, and it may have a better recommendation performance.
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