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Abstract v View references (14)

Shell-and-tube vaporizers are the most commonly used and dominated types of vaporizers in liquefied natural gas
(LNG) realm. Due to efficient performance, shell-side flow in this type of vaporizers has received considerable
attention and has been investigated extensively. However, the detailed flow structure in the shell needs to be
determined for reliable and effective design. Therefore, the objective of this study was to clarify the flow structure in
shell by particle image velocimetry (PIV). Experiments were conducted using two types of model; 15% baffle cut
having inlet and outlet positions in the direction of 90° to the cut and 30% baffle cut having inlet and outlet positions
in the direction of 180° to the cut. Each test section is 169 mm in inner diameter and 344.6 mm in length. The flow
features were characterized in different baffle cuts with regards to the velocity vector field and velocity distribution.
The results show that the flow characteristics of 15% baffle cut type vaporizer are comparable to those of 30% baffle
cut type vaporizer. © Central South University Press and Springer-Verlag Berlin Heidelberg 2011.
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Nonlinear correction of photoelectric displacement sensor based on
least square support vector machine
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Abstract: A model of correcting the nonlinear error of photoelectric displacement sensor was established based on the least square
support vector machine. The parameters of the correcting nonlinear model, such as penalty factor and kernel parameter, were
optimized by chaos genetic algorithm. And the nonlinear correction of photoelectric displacement sensor based on least square
support vector machine was applied. The application results reveal that error of photoelectric displacement sensor is less than 1.5%,
which is rather satisfactory for nonlinear correction of photoelectric displacement sensor.

Key words: least square support vector machine; position; photoelectric displacement sensor; nonlinear correct

1 Introduction

Optical displacement sensor is widely used on the
on-line measurement for boundary position in the
industrial production and experiments such as steel
rolling, textile and printing. It is also used to ensure the
successful completion of tape, trimming border and
overprinting pattern or to ensure a better damping effect
and vibration isolation.

In theory, the relationship between input
(displacement) and output (voltage) of the optical
displacement sensor [1-3] is non-linear. The input
(displacement)—output (voltage) data from optical
measurement system must be corrected to improve the
measurement accuracy. In the practical application,
piecewise linear correction methods are commonly used.
However, they are usually short of preciseness in some
situations that require higher precision.

In order to improve the measurement accuracy of
photoelectric sensors, researchers have made great
efforts by various experimental and digital correction
methods [4—11]. But, the phenomenon of inadequate
precision still exists, which cannot meet the actual needs
for testing high precision displacement parameters.

The support vector machine (SVM) is a new
machine learning method [12—15], which is established
on statistical learning theory, based on the structural risk
minimization  principle, and  possesses  good

generalization ability.

The limited sample learning problem has shown a
lot of performance better than the existing methods. As
SVM algorithm is a convex quadratic optimization
problem, it can guarantee to find the global optimal
solution, and can solve the problem with the small
sampling number, nonlinear relation and high dimension.
Therefore, the least square support vector machine,
(LS-SVM) [13], a nonlinear compensation method, is
proposed, which can make optical displacement sensor
linearized. The corrected network can be processed
according to the linear characteristics, and the
measurement accuracy is improved.

2 Nonlinear corrections of photoelectric
displacement sensor based on LS-SVM

2.1 Principle of optical displacement sensor

Optical  displacement sensor is a lateral
semiconductor-based photo-detector device. It is a
non-split-type photoelectric conversion device in a
position to continuously detect the light point.

Practical optical displacement sensor generally uses
the PIN structure, as shown in Fig.1. Its surface is P layer
on light-sensitive side with output electrode on each side,
the middle is I layer, and the bottom layer is highly
doped N, to reverse bias voltage.

When the incident lights reach a point of the
photosensitive surface of optical displacement sensor,
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Natural Science Foundation of China, Project(2010FJ4141) supported by Hunan Provincial Science and Technology Foundation, China;
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Reliability analysis of earth slopes using
hybrid chaotic particle swarm optimization
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Abstract: A numerical procedure for reliability analysis of earth slope based on advanced first-order second-moment method is
presented, while soil properties and pore water pressure may be considered as random variables. The factor of safety and
performance function is formulated utilizing a new approach of the Morgenstern and Price method. To evaluate the minimum
reliability index defined by Hasofer and Lind and corresponding critical probabilistic slip surface, a hybrid algorithm combining
chaotic particle swarm optimization and harmony search algorithm called CPSOHS is presented. The comparison of the results of the
presented method, standard particle swarm optimization, and selected other methods employed in previous studies demonstrates the
superior successful functioning of the new method by evaluating lower values of reliability index and factor of safety. Moreover, the
presented procedure is applied for sensitivity analysis and the obtained results show the influence of soil strength parameters and

probability distribution types of random variables on the reliability index of slopes.

Key words: reliability analysis; stability assessment; earth slopes; particle swarm optimization; harmony search

1 Introduction

Stability assessment of earth slope is one of the
fundamental problems of geotechnical engineering and
has been studied extensively for a long time.
Traditionally, deterministic methods are used for the
safety evaluation of earth slopes and the factor of safety
is considered as an index of stability. In a deterministic
procedure, variables are represented by single values.
The significant variables involved in the slope stability
analysis include the soil strength, soil density, and pore
water pressure. Representing these variables by single
values implies that the values are predicted with certainty,
and the case is seldom. Slope stability problems are
characterized by many uncertainties, and deterministic
methods are unable to handle the uncertainties in the
analysis. The slope may fail even though the factor of
safety calculated from the deterministic model is greater
than unity. This situation indicates a need for a more
objectively-structured and quantitative approach toward
handling uncertainties involved in the calculations. The
probabilistic approach is a natural choice for this type of
analysis, because it allows for the direct incorporation of
uncertainties into the analytical model. In this approach,
safety of a slope is measured by the reliability index or
by the probability of failure, instead of by the classical
factor of safety.

Received date: 2010—11-30; Accepted date: 2011-03—29

The common approach to estimate the reliability
index of earth slope is the mean-value first-order second-
moment (MFOSM) method [1]. In MFOSM, the
performance function is expanded for the mean values of
the parameters, and only the first order terms are kept.
Moreover, to calculate the reliability index, the partial
derivative of performance function is needed. Because
the performance function in slope stability analysis is
usually implicit, the partial derivatives of performance
function are frequently approximated numerically [2]. To
overcome the problem of dependence of the reliability
index on performance function, HASOFER and LIND
[3] proposed an invariant definition of the reliability
index. They defined the reliability index () as the
shortest distance from the origin of the standard normal
space to the boundary limit state. The reliability analysis
of earth slope based on the HASOFER—LIND reliability
index (fyL) is an optimization problem, and the solution
is the minimum reliability index or the maximum
probability of failure.

The conventional optimization technique is called a
gradient algorithm, which is based on the gradient
information of the objective function and constraints.
However, obtaining the gradient information may be
costly or even impossible. But another kind of
optimization technique, known as heuristic algorithm, is
not restricted in the aforementioned manner. Moreover,
heuristic optimization provides a robust and efficient
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