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Abstract: A PMSM based servo system VSI switching frequency optimization strategy is proposed in this paper. 
In servo systems, high switching frequency is favored in order to improve the performance. However, switching 
frequency is limited by power electronic inherent characteristic. The ideal switching frequency is related to motor 
rotating speed in systems using SVPWM technique. Therefore, it is a better trade-off way to modify the switching 
frequency with rotating speed. The switching frequency regulation strategy in this paper is that, switching 
frequency is determined by power electronics under high speed condition while under low speed condition it’s 
determined by the system performance. The constraint conditions are analyzed and the simulation platform and 
experiment platform are established. Simulation and experiment results show that the switching frequency 
optimization strategy proposed in this paper is feasible and effective. Copyright © 2013 IFSA. 
 
Keywords: PMSM, SVPWM, VSI, Servo system, Switching frequency. 
 

 
 
1. Introduction 
 

Space vector pulse width modulation (SVPWM) 
technique now is widely applied in high-precision 
A.C. servo systems [1, 2]. Motor and inverter are 
regarded as a single object in this technique, and space 
circle is traced by magnetic field during the process, 
hence better performance is achieved [3, 4]. 
Theoretically, higher voltage source inverter (VSI) 
switching frequency make the magnetic field track 
much more similar to standard circle, decrease the 
ripples in electromagnetism torque, hence bring high 
performance [5]. However, the minimum turn-on time 
( ont ) and minimum turn-off time ( offt ) of power 

electronic must be considered when selecting a 
switching frequency. 

In SVPWM based digital systems, switching 
frequency can be set by modifying interrupt period 
parameter easily, but the commanded pulse rests with 
motor rotating speed, inverter switching frequency 
and bus line voltage etc [1, 3]. Motor in PWM 
modulated system is excitated with step pulse voltage. 
Under high speed condition, switching frequency is 
restricted by power electronic characteristic [6]. 
Under low speed condition, narrow pulse and wide 
interval between pulses lead to greater ripples in 
electromagnetism torque [4]. How to make the best of 
switching ability of power electronics to get more 
stable electromagnetism torque, hence improving 
motor performance under low speed condition in wide 
speed range systems is a very importance question. 

In this paper, simulating and experimental systems 
are established by modeling of the SVPWM based 

http://www.sensorsportal.com
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permanent magnet synchronous motor (PMSM). After 
that, switching frequency constraint conditions are 
analyzed and a kind of frequency optimization method 
is proposed. According to this method, simulations 
and experiments are taken on the mentioned above 
systems, and the results are given at the end. The 
results show that better control performance can be 
achieved by using the frequency optimization method, 
especially under low speed condition. 

 
 

2. System Modeling 
 
The structure of PMSM servo system is a 

speed-current dual close-loop system [7]. Data 
sampling, communication, SVPWM algorithm and 
the like are carry out by the control part. 
Converting/Inverting, isolating and error detection 
and protection are realized on the driving parts. The 
experimental system mainly consist a 2.7 kW,  
4 magnet pole-pairs PMSM, a two-level intelligent 
power module (IPM), which maximum switching 
frequency arrive at 20 kHz, and a TMS320F2812 
digital signal processor (DSP). 

System mathematic model can be obtained 
according to Fig. 1 Stator magnet chain equations of 
PMSM under d-q rotating coordinate are as follows 
[8]: 
 
 

 
 

Fig. 1. Experimental system structure diagram. 
 
 

 sd d sd md rd md fL i L i L iy = + + , (1) 
   
 sq q sq mq rqL i L iy = + , (2) 

 
where sdy , sqy are stator d-axis and q-axis magnet 

chain. dL , mdL , qL , mqL  are the stator winding 

equivalent inductances and mutual inductances of 
d-axis, q-axis respectively. sdi , sqi , rdi , rqi , fi are the 

stator, rotor d-axis and q-axis current and rotor 
equivalent exciting current respectively. 
Electromagnetism torque equation is: 
 
 

 ( )e n sd sq sq sdT p i iy y= - , (3) 

 
where, eT  is electromagnetism torque, np is 
pole-pairs. Substituting (1) and (2) into (3), gets 
 

 
( )

( )

e n md f rd sq

n d q sd sq n mq rq sd

T p L i i i

p L L i i p L i i

= +

+ - -
. (4) 

 
For a PMSM, 
 

 0rqi = ,  

 ( )md f rd fL i i y+ = .  

 
Substitute it into (4), we get 
 

 [ ( ) ]e n f sq d q sd sqT p i L L i iy= + - . (5) 

 
Because PMSM permanent magnet flux are stable, 

fy can be treated as a constant. From (5) we can see if 

0sdi = , electromagnetism torque of a PMSM can be 
controlled like a DC motor by control sqi . So PMSM 

mathematic model is decoupled, electromagnetism 
torque linear control is realized [8]. 

As shown in Fig. 2, PMSM simulating system is 
set up based on its mathematic model and SVPWM 
control principle. In Fig. 2 CarrierCal Fcn is a 
switching frequency adjusting block, SVPWM is 
voltage space vector generating block, Universal 
Bridge is IPM simulating model, IGBTs are used in 
IPM. PMSM is the motor model. Simulation 
condition: software MATLAB 7.0, parameters of 
motor: stator resistance is 0.9585 ohm, d-axis, q-axis 
equivalent inductance are both 0.00525H, rotor flux is 
0.1827WB, inertia is 0.0006329 kg.m2, friction factor 
is 0.0003035 N.m.s, pole-pairs is 4. 

 
 

3. Study on Switching Frequency 
Optimization 

 
3.1. Switching Frequency Constrain 

Condition Analysis 
 

To ensure power electronics work reliable, 
modulated wave must be constrained by minimum 
pulse width and minimum intermission width. Under 
this condition, minimum pulse width must longer than 
IGBT turn-on time ont , the minimum intermission 
time must longer than IGBT turn-off time offt . In the 

following sections, we take 7-segments approaching 
method for example to analyze the minimum 
switching frequency in SVPWM technique. 

The principle of 7-segments space vector synthesis 
method is shown in Fig. 3 [9]. 
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Fig. 2. PMSM simulating system based on SVPWM. 
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Fig. 3. 7-segments space vector synthesis method: (a) space vector synthesis sketch map, (b) space vector synthesis principle. 

 
 

From Fig. 3 (b) we can see the minimum width 
pulses appear in the beginning, middle and end of 
every interrupt period. The pulse width is 0 / 2T , 

where 0T  is zero voltage vector action time in an 
interrupt period. Taking the 1st segment for example, 
from Fig. 3 (a) we know that 
 

 4 6
4 6qref

T T
V V V

T T
= + , (6) 

 
where 4T , 6T  are space vectors' 4V , 6V  action times 
respectively during an interrupt period. According to 
(3) and space vector relations in Fig. 3 (a), we get (7): 

 

 

(7) 

 
where q refV a , q refV b  are the projective values of qrefV  

on a -axis, b -axis respectively, DCV  is the bus 
voltage source value. Substitute (7) into 

4 6 0T T T T= + + , the result is rearranged as, 
 

 0 1 3 3
[ ]

2 2 4 4q ref q ref
DC DC

T
T V V

V Va b= - -  (8) 
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According to inverse Park transform, we know 
 

 
cos sin

sin cos

q ref dref qref

q ref dref qref

V V V

V V V

a

b

q q

q q

= -

= -
, (9) 

 
where q  is the electrical angle. Substitute 0drefV =  

into (9), we get 
 

 
sin

cos

q ref qref

q ref qref

V V

V V

a

b

q

q

= -

= -
. (10) 

 
Substitute (10) into (8), the rearranged result is, 
 

 0 31 1
[ sin( 30 )]

2 2 2
qref

pwm DC

VT
f V

q= + + o . (11) 

 
According the motor theory, we know 
 

 

 

(12) 

 
where 1U  is the stator phase to phase voltage virtual 
value, 1E  is the induced electromotive force virtual 
value in stator winding generated by air-gap flux, sR , 

si  are the stator resistance and current respectively, 

1k , 2k  are the constants, n , 1f , p  are the motor 
rotating speed, current frequency and pole-pairs 
respectively. When 0dV = , according to inverse 
Clark transform and inverse park transform, we get 
 

 

 

 

 
namely, 
 

 1 1 qrefU k V= , (13) 
 
where Au , Bu  Cu  are the stator phase A, B, C 
instantaneous phase to phase voltage values, qrefv is 

instantaneous voltage on q-axis. According to 
(11)-(13), we can get 
 

 ( )
( )( )

0

2
1 1 1

1

1
2 2

3 sin
6

2 60

pwm

f
pwm DC

T
f

k np
I r jx

f k V

p
q

y

= +

+
+ -

, 
(14) 

 
Considered that pole-pair p  is constant, bus voltage 

DCV  and rotor flux fy  are approximately constant, 

ignored the stator resistance, (14) can be simplified as 

 
0 1 1

[ sin( 30 )]
2 2pwm

T
A n

f
q= + + o , (15) 

 
where 
 

 

2 1

1

3

120
1

sin( 30 )
2

f

DC

k p
A

k V

A n

y

q

= -

> + o

.  

 
According to (15) we can see that, switching 
frequency must be reduced when speed is rising to 
ensure 0 / 2T  longer than the minimum pulse width. 

 
 
3.2. A Switching Frequency Optimization  

and Controlling Scheme 
 

The switching frequency regulation strategy in this 
paper is that, switching frequency is determined by 
switching device in high speed condition while in low 
speed condition determined by the system 
performance. Between the two conditions, switching 
frequency is regulated linearly to speed. According to 
(16) and Fig. 4, experiments are carried on. In order to 
improve servo system performance in low speed 
condition, a higher switching frequency 16 kHz is 
adopted. Along with rotating speed rising, the 
switching frequency falling linearly to guarantee 
command pulse longer than minimum pulse width. 
When the rotating speed reach high speed section, 
decreasing switching frequency is unnecessary 
because command pulse could always be longer than 
minimum pulse which a lower switching frequency  
8 kHz is adopted. The modulation function is shown 
below in (16). Modulation curves are shown below in 
Fig. 4. 
 

 

(16) 

 
 

/ rpmn

pwm

HZ

f

maxf

 
 

Fig. 4. Switching frequency modulation curves. 
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3.3. Experiments & Results 
 
3.3.1. Simulation & Experiments 
 

Based on the simulation system in part.2, and the 
switching frequency modulation function (15), 
simulations are carried out. In Fig. 5 (a), Fig. 5 (b) are 
the results of rotating speed at 10 rpm, q-axis current 
response and electromagnetism torque response 
before/after applying the switching modulation 
strategy. Based on the experiment system in part 2, 
and the switching frequency modulation function (15), 
experiments are carried out too. In Fig. 6 (a), Fig. 6 (b) 
are the results of rotating speed at 10 rpm (P.U. value), 
q-axis current response and phase-a current response 
before/after applying the switching modulation 
strategy. 
 
 

 
 
(a) 

 
 

 
 

(b) 
 

Fig. 5. Simulation results of before (a) and after (b) applying 
modulation strategy. 

 

 
 

(a) 
 

 

 
 

(b) 
 

Fig. 6. Experiment results of before (a) and after (b) 
applying modulation strategy. 

 
 

3.3.2. Simulation & Experiment Result 
Analysis 

 
In Fig. 5 (a), a, b are rotating speed, q-axis current 

and torque simulation results of before/after applying 
the proposed modulation strategy. According to  
Fig. 5, we can see that after applying the proposed 
modulation strategy, ripples in rotating speed and 
electromagnetism torque decrease obviously. Speed 
response and torque response become more smoothly. 
We can see the same experiment results in Fig. 6 The 
simulation results and experiments results proved the 
proposed modulation feasible and effective. 
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4. Conclusions 
 
A VSI switching frequency optimization strategy 

used on SVPWM based A.C. servo system is proposed 
in this paper. The main targets are to solve the 
inconsistency between VSI switching frequency and 
rotating speed, and to take full advantage of power 
electronics. Concretely, a subsection linear function is 
designed according to adopted power electronic 
characteristics and motor rotating speed range, and 
during the working process, switching frequency is 
real-time modified based on this function. Simulation 
and experiment results show that the proposed 
strategy can improve system performance, especially 
on torque response and rotating speed response. 
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Abstract: In order to improve shortcomings of traditional Genetic Algorithm in solving such complicated 
problems as premature convergence, low search efficiency during late period, and so forth, the paper puts forward 
a Fuzzy Genetic Algorithm that can be used for text classification and information filtering. According to 
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1. Introduction 
 

People are in an age of 'information explosion', and 
the development of Internet has greatly promoted 
communications of information. On the one hand, 
they are sharing the rich information of the network, 
and in this process they cannot avoid contacting with a 
lot of bad information. On the other hand, due to the 
inherent open, dynamic and heterogeneous 
characteristics of Internet, it is very difficult for them 
to obtain required information from Internet 
accurately and quickly. Therefore, the network 
information filtering technology is becoming the 
focus of current research. The network information 
filtering is a method and process that makes use of the 
key tool with the filter functions to automatically 
select information that users need or eliminate 
information that users don’t need from the 
large-scaled dynamic information flow, mainly 

according to the filtering standards that are set in 
advance. 

At present, researches at home and abroad on the 
information filtering based on contents mainly focus 
on two aspects. One is the construction method of user 
templates and its algorithm, and the other is the 
matching technology of user templates and documents. 
Current algorithms for the classification and learning 
of templates generating include Bayes, K Nearest 
Neighbor (KNN) and Support Vector Machine (SVM), 
etc, which can solve the learning problems in the 
process of templates generating to a certain extent, but 
there are some shortcomings as well. For example, 
Bayes classifier can not judge or study without prior 
knowledge. When there are amounts of data, KNN's 
classification accuracy depends on the recent number 
of sample points, its implementation complexity is 
comparatively large, and the classification accuracy of 
its single classifier is low. SVM has the problems of 
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slow training speed and the large time complexity and 
space complexity. Recently, many research 
achievements [1-7] are made in fields of information 
filtering and related technologies. But great challenges 
are brought to study on Chinese information filtering 
by unique complexity and flexibility of Chinese. In 
recent years, there are some research institutions and 
individuals doing a lot of related work [8-11]. 
However, information filtering still has the following 
problems to be solved: How to extract features set 
representing the classification characteristics 
appropriately and calculate weights of these 
characteristics; Choose a good optimization method 
making the generated classification template represent 
more features; Look for a method to sort and optimize 
documents to be filtered; How to feedback filtering 
results. 

Genetic Algorithm (GA) is a global search 
algorithm to get optimal solutions. Being 
self-organizing, adaptive, and self-learning, it is not 
affected by search space restrictions, and does not 
need other ancillary information. So it has been used 
in a wide variety of fields to solve optimization 
problems. And the process of text classification and 
templates generating of information filter system is 
one of a constant search for features set that can 
represent related classifications. Thus GA is 
introduced into information filtering system to train 
classifiers. 

 
 

2. Improvement of Genetic Algorithm 
 
GA is a calculation model that mimics the choice 

of natural selection and genetic evolution process of 
Darwin. It is a kind of stochastic, adaptive and 
heuristic search algorithm [12], and its core contents 
include the parameters coding, population 
initialization, fitness function design, genetic 
operation design, and control parameters setting. GA 
begins to search from a population of potential 
solutions to a given problem. A population is 
composed of a number of individuals encoded as 
chromosomes. Then through genetic operations 
including selection, crossover and mutation, GA 
produces an offspring population that is better suited 
to the environment than the parent ones, just as in 
natural adaptation. And by using the evaluation of the 
fitness function, the most excellent individuals are 
chosen from this generation to form a new population, 
and then go on to the next generation. At last, after 
several generations, the optimal individuals of the last 
generation population can be output, which are the 
optimal solutions of the given problem. 

Although GA can eventually obtain the optimal 
solutions, it is not competent for the large-scaled 
optimization problems and is easy to have premature 
convergence. What’s more, its hill-climbing ability is 
poor, its time complexity is large, and it wastes too 
much computing resources in the solving process [13]. 
Meanwhile many uncertain factors of the genetic 
search environment will affect the optimization ability 

of GA. Thus, this paper presents a new improved 
Genetic Algorithm called Fuzzy Genetic Algorithm 
(FGA). FGA combines traditional GA with the fuzzy 
method, and adjusts some uncertain factors existing in 
the genetic search environment, including genetic 
parameters, genetic individual weights which are 
feature items in network information filtering system, 
and weights of other uncertain factors that can affect 
genetic individuals weights. 
 
 
2.1. Fuzzy Adjustment of Genetic Parameters 
 

Genetic parameters include the initial population 
size, crossover probability, mutation probability, the 
number of evolution generations, and so on. These 
parameters are important factors that can affect the 
performance of genetic search, and need to be adjusted 
fuzzily and dynamically so that they can change with 
the search environment. 

 
 

2.1.1. Fuzzy Adjustment of Crossover 
Probability 

 
Crossover operator is mainly applied to produce 

new individuals. Crossover probability is fixed in the 
initial genetic stage, which is preset as 0.6 in this paper, 
and single-point crossover is selected as crossover 
operation. Because crossover probability is the key 
operation that is able to decide the convergence of GA 
[14], it should be in the state of dynamical change. 
Crossover probability is adjusted based on the 
maximum number of evolution generation, the 
maximum crossover probability and the minimum 
crossover probability, and the adjustment formulas are 
as follows: 

 
 max/

max 2 gen gen
temppc pc    (1) 

 
 

  min min

min

,

,
temp

temptemp

pc if pc pc
pc t

if pc pcpc


  

, (2) 

 

where maxpc  and minpc  are the initial maximum 

and minimum crossover probability, gen is the 

number of the current population generation in the 
search process, and 

maxgen  is the initial maximum 

number of evolution generation. 
temppc  is the 

intermediate variable, and  pc t  is the crossover 

probability of the tth generation population after fuzzy 
adjustment. 

Equation (1) and (2) show that crossover 
probability is only related with the number of 
evolution generation, and has nothing to do with the 
fitness. Crossover probability decreases gradually 
with the evolutionary process, which maintains the 
uniformity of the search space, and ensures that all 
individuals can equally be genetic. 
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2.1.2. Fuzzy Adjustment of Mutation 
Probability 

 
Mutation operation having the ability of local and 

random search can maintain the diversity of the 
population and avoid the phenomenon of premature 
convergence. Accordingly, mutation probability of 
each individual of the same generation should change 
with the good or bad quality of the individual. The 
initial mutation probability is set as 0.02 according to 
experiences, and this paper chooses the binary 
mutation operation. Mutation probability is adjusted 
dynamically based on the maximum fitness, the 
maximum mutation probability and the minimum 
mutation probability, and the adjustment formulas are 
as follows: 

 
   

 

max max

max max1

f f i f

temppm e

pm gen gen

  


 (3) 

 
 

  min min

min

,

,
temp

temptemp

pm if pm pm
pm t

if pm pmpm


  

 (4) 

 

where maxpm  and minpm  are the default maximum 

and minimum mutation probability, maxf  is the 

maximum fitness of the current population.  f i  is 

the fitness of the individual waiting for mutation. 

temppm  is an intermediate variable, and  pm t  is 

the mutation probability of the tth generation 
population after fuzzy adjustment. 

From (3) and (4), it is known that the change trend 
of mutation probability decreases gradually with the 
increase of the fitness and the number of evolution 
generation, until it reaches a stable value. 

 
 

2.2. Fuzzy Adjustment of Text Feature Items 
 
Vector Space Model (VSM) is used to represent a 

document. That is to say that the document can be 
represented as a vector composed with feature items 
and their weights. The feature item, which may be a 
word, a word group or a phrase in the document, is the 
coordinate of the document representation. And the 
feature weight refers to the importance of the feature 
item to the document, and a selection of it directly 
influences the performance of text classification. Its 
traditional calculation method simply concerns the 
probability of the feature item in the document, but 
does not concern the importance of the item itself to 
text classification. The importance of feature items 
includes the calculation of feature weights in 
important documents, paragraphs and sentences. So, if 
anyone wants to adjust feature weights appropriately, 
he should firstly adjust the text corpus environment of 
feature items, which includes the importance of the 

whole document, the importance of every paragraph 
of the document, and so on. 

 
 

2.2.1. Adjustment of Document Weight 
 
The weight of a document refers to its importance. 

The greater the weight is, the greater its contribution 
to text classification is. Thus the document weight can 
be used to streamline the document. For these 
documents of large weights, words are cut, word 
frequency and weight are computed using the feature 
selection algorithm, and finally, the document weight 
is computed according to feature weights to form a set 
of document weights.  

Let D  be a documents set of m  pieces of 
documents, i.e.  1 2, , , mD d d d  . Where 

id D  , 1, 2, ,i m   is a n  dimension vector. 

Let  1 2, , ,i i i ind d d d  , Where ijd , 1, 2, ,j n   

is the j th feature item of the document id . The value 

of ijd  is based on the words frequency. 

 
 

,

'
0,

th
ij

ij

i
ij th

i

t is times of the j
t

key existing in d
d

if the j key doesn t

belong to d



 




 
(5) 

 

Let  1 2, , , nw w w w  , where jw  is the 

weight of the j th feature item. The weight of 

document id  can be calculated according to the 

following formula. 
 

 

1

n

i ij j
j

l d w


   (6) 

 

Set minl  as a minimum document weight. If 

minil l , then the document id  is reserved, 

otherwise is discarded. Documents reserved are put 
into the documents set, and sorted by their weights. 
These documents of large weights will be used for 
matching in order to improve the document precision, 
optimize the selection of feature items, and enhance 
the weights of feature items in the matching process. 

 
 

2.2.2. Fuzzy Adjustment of Feature Weights 
 
To adjust feature weights, the paper begins with 

the paragraphs where the feature items exist and take 
into consideration the influence of the important 
paragraphs and sentences on the feature weights, and 
then uses templates optimally generated by FGA to 
classify documents in order to concern the importance 
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of the feature items in the matching process, so as to 
appropriately adjust the feature weights. 

Let n  denote the number of classifications, 

 1 2, , , nm m m m   be the initial number of each 

classification, if  be the number of feature items of 

the i th classification, and  1 2, , , nw w w w   be 

feature weights, where iw  is the feature weights 

vector of the i th classification. 
Adjustments are as follows: 
Step 1: Let 1i  . 
Step 2: Let 1j   and 0ijw  , match for the 

classifications, and then obtain 
jsum . Restore ijw  the 

original value, let 1j j  , and repeat this process 

until ij f . Finally,  1 2, , , nsum sum sum sum   

can be obtained. 
Step 3: Let  1 2, , , nh h h h  , where 

j j jh sum m  . Calculate the feature differentiation. 

The differentiation of the j th feature item is 

 
  1 2j j np h h h h   

 
(7) 

 
Step 4: Adjust the feature weights. Let 

k sum m  , obtain  1 2, , , nk k k k 
, then the 

adjusted weight is 
 

 

 

2

3

10 , 0

, 0

01 10 ,

j j j

j j j

j
j j

w p if k

w w if k

if kw p

    
     

(8) 

 
If 0jk  , then the number of classifications 

increases. It is shown that the new weight is adjusted 

to be smaller than the initial one. If 0jk  , then the 

number of classifications does not change. It is shown 
that the feature items do not work in the text matching, 

therefore the weight is unaltered. If 0jk  ，then the 

number of classifications decreases. It is shown that 
the new weight is adjusted to be larger than the initial 
one. 

Step 5: If i n , then 1i i  , go back to  
Step 2. 

Step 6: The adjustment is over, and the new 
templates have been generated. 
 
 
3. Experimental Results and its Analysis 
 
3.1. Evaluation Criteria 
 

The performance evaluation indicators of this 
paper are the recall (abbreviated as r ), precision 
(abbreviated as p ) and F1 test value(abbreviated as 

1F ). 1F  can be used for the full-rate performance 
evaluation of the precision and recall. 

Let E  be a classification, a  be the total number 

of test documents of E , b  be the number of 

correctly classified test documents of E , and c  be 
the number of documents judged as representative of 
E . Then 

 
 r b c  (9) 

 
 p b a  (10) 

 
  1 2F p r p r     (11) 

 
 

3.2. Analysis of Results 
 

“SOGOU text classification corpus” is composed 
of 17910 pieces of news, including 9 classifications, 
namely finance, IT, health, sports, tourism, education, 
recruitment, culture and military. There are 1990 
pieces of news in each classification, from which 600 
articles are selected as the experimental data of a total 
of 5400 articles. 60 % of these data is considered as a 
training set, and the remainder 40 % as a test set. 

According to relevant literature and data, initial 
values of some parameters are set combined with the 
specific practical algorithm, shown in Table 1. 

 
 

Table 1. Initial values of parameters. 

 
Parameter Initial value 

Initial population 150 
Length of chromosome 100 
Maximum number of evolution 
generations 

400 

Maximum crossover probability 0.3 
Minimum crossover probability 0.01 
Maximum mutation probability 0.8 
Minimum mutation probability 0.4 
 
 

3.2.1. Space Dimension Reduction 
Experiment 

 
The first experiment examines the advantage of 

FGA and traditional GA in the feature space 
dimension streamlining. 200, 800, 1600, 3200 articles 
of 4 groups are selected from the training set, and the 
effects of text classification by running the two 
algorithms are analyzed. The optimization effects of 
the features subset are shown in Table 2. 

As can be seen from Table 2, FGA does not bring 
the large-scaled decrease of the vector space, mainly 
because FGA only adjusts some parameters of GA 
that only reduce the algorithm complexity of finding 
the optimal solutions, but do not affect the number of 
the feature words in general. 
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Table 2. Results of space dimension reduction experiment. 
 

Number of feature 
items after 

optimization 
Number of 
documents 

Number of 
initial feature 

items 
GA FGA 

200 5974 1601 1556 
800 13557 2665 2607 

1600 19123 3888 3802 
3200 27161 7896 7805 

 
 

3.2.2. Text Classification Experiment 
 
From the test set, 100, 700, 1400, 2100 articles of 4 

groups are selected for text classification experiment. 
And the experimental results are shown in Table 3. 

 
 
Table 3. Results of text classification experiment. 

 
Number of correct 

classifications 
Number of 
documents 

GA FGA 
100 78 77 
700 597 600 

1400 1153 1204 
2100 1765 1835 

 
 
It can be seen from Table 3 that with the increase 

of the test documents, the classification accuracy of 
FGA also increases, and the more the test documents 
are, the better the classification effect are. 

 
 

3.2.3. Information Filtering Experiment 
 
In the experiment, three classifications of the sex, 

violence and legality are chosen for the training and 
testing. The training and test documents set are 
selected from the SOGUO large-scaled corpus, and 
each classification is made up of 1000 articles 
selected, of which 700 articles are used for training, 
and 300 articles for testing. After training, the test 
results are shown in Table 4. 

 
 
Table 4. Results of information filtering experiment. 

 
GA FGA Classifi- 

cation r% p% F1% r% p% F1% 
sex 93.5 96.7 95.1 96.1 98.4 97.2 
violence 88.3 96.2 92.1 92.8 97.6 95.1 
illegal 71.7 88.9 79.4 80.9 91.5 85.9 

 
 
As can be seen from Table 4, the improved 

algorithm performs better to filter the information, 
especially the sex, violence and other information of 
the distinctive feature classification. 

The above data show that, with better 
classification effect and ability to filter the bad 

information, the improved GA can overcome the 
shortcomings of traditional GA in the optimization 
process. 

 
 

4. Conclusions 
 

In the paper, the feature weight is adjusted by the 
feature differentiation, new templates are generated 
after the adjustment, and GA parameters are set with 
fuzzy adjustment method, mainly adjusting crossover 
probability and mutation probability under different 
circumstances. The improved GA is eventually 
applied to the design of network information filtering 
model, and experimental results show that it will help 
to search for the global optimal solutions in the global 
scope. The stability is greatly improved, which can 
meet the requirements of network information 
filtering. 
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Abstract: Compression is the preprocessing work before power quality event data transmission and analysis. In 
this paper segmented discrete cosine transform (DCT) was used for power quality signal compression. For 
transient power quality event, such as short duration voltage variation, wavelet transform was used to detect the 
singularity of the signal firstly. Then the signal was divided into segments by singularities and DCT was 
performed following. The simulation results show that for stable power quality data, the compression effect of 
DCT is better than that of wavelet transform. And for short duration voltage variation signal, the compression 
effect of segmented DCT is better than that of direct DCT. Finally the experiment result was presented to prove 
the effection of above method. Copyright © 2013 IFSA. 
 
Keywords: Power quality, Short duration voltage variation, Data compression, Wavelet transform, Segmented 
DCT. 
 

 
 
1. Introduction 
 

Compression is the preprocessing work before 
transmission or analysis of the power quality (PQ) 
data. The storage of PQ event data is becoming an 
important issue. As we all know that the frequency 
range of power quality disturbance is very large. 
Frequency of voltage fluctuation and flicker caused by 
arc furnace is lower than 25 Hz, while frequency of 
pulse transient caused by lightning impulse is high 
above several Mega-Hz. The power quality 
monitoring device with 1 MHz to 4 MHz sampling 
frequency is necessary for recording high frequency 
transient disturbance. This implies a dramatic need of 
data compression in terms of storage [1]. In addition, 
sampled data may be sent to remote control center to 
analysis and process, which brings enormous stress to 
channel capacity. Compression – method of reducing 
the bandwidth or storage capacity needed for analysis 
and processing is of great importance to power quality 
monitoring. 

There are two parts of compression: lossless 
compression and lossy compression. According to the 
principle of information theory, signal is considered as 
the combination of redundancy and information. The 
purpose of lossless compression is to reduce 
redundancy of data, where there is none information 
losing which is called as entropy coding. 
Contrariwise, there is information loss in lossy 
compression which can be called as entropy 
compression. Transform coding is kind of lossy 
compression. Original data are transformed to a 
compact orthogonal space firstly by a certain 
transforms, and then some coefficients of the 
transform are discarded according to a certain 
criterion, finally, the reconstructed signal is achieved 
by the invert transform. Usually, lossless coding 
technology is used after lossy transform coding, which 
would obtain better compression effect. Wavelet 
transform (WT) has many applications in PQ 
disturbance data detection and compression [2-5]. PQ 
data are sinusoidal signal of voltage or current. We 
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know that the orthonormal basis of discrete cosine 
transform (DCT) is sinusoidal signal, also. According 
to the principle of similarity, DCT would be more 
effective than that of WT in energy concentration 
characteristics [6]. What’s more, DCT transform is a 
set of real-value orthogonal transform, thus the 
calculation quantity is smaller than that of complex 
FFT algorithm. 

In this paper segmented DCT was used in PQ data 
event compression. Harmonic is stable PQ signals 
only including sinusoidal signal (fundamental and 
harmonic signal). DCT was used directly for 
harmonics signal. Short duration voltage variation 
(SDVV) is transient PQ signal with high frequency 
transient disturbance, which can not to be considered 
stable in the whole long time. So the compression 
effect using DCT does not act well. Taking account of 
the problems above, WT was used to detect the 
singularity of the signal. Then signal was divided into 
segments by singularities and DCT was performed 
following. The simulation and experiment results 
show that the compression effect of segmented DCT is 
better than that of DCT for SDVV signal. 

 
 

2. The Principle of DCT 
 
Let 1 2( , , , )NX x x x L  is a column that consists 

of N samples, A is a matrix of N N , then 
 

 Y AX , (1) 
 

Defining a linear transformation of X, A is called 
the kernel matrix of the transform. 

The kernel matrix of DCT is  
 

,

2 (2 1)
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c k

k N

  
  L , 

(4) 

 

Thus, when samples are real, the DCT of samples 
are real, too. 
 
 
3. Compression based on DCT 
 

There are two kinds of PQ: stable PQ and transient 
PQ. The characteristics of stable PQ are waveform 
distortion, which include harmonics, voltage 
fluctuation and flicker, voltage unbalance and notch. 

The characteristics of transient PQ are spectrum and 
duration, which include transient resonance, transient 
pulse, voltage sag and swap. Different characteristic 
would be taken into account to get better compression 
effect. 
 
 
3.1. Compression of stable PQ event data 
 

A typical stable PQ disturbance is harmonic. Let 
voltage signal with harmonics and inter harmonics 
under 40 dB white Gaussian noise is 
 

( ) cos(100 0.03cos(110 ) 0.2cos(500 )
3 5 10

0.1cos(700 )  0.05cos(360 )
2

x n nTs nTs nTs

nTs nTs

    

 

     

  

）

 
Sampling frequency is 6400 Hzsf  . And 

sampling number is 1024, that is to say, 8 periods. The 
waveform of ( )x n  was shown in Fig. 1(a), and DCT 

coefficients was shown in Fig. 1(b). It can be seen that 
most of DCT coefficients are small, which is 
beneficial to data compression. 

There are several ways of measuring the distortion 
due to compression. Compression ratio (CR) and 
percentage of mean square error (MSE) are two of 
them. 

CR is defined as: 
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, (5) 

 

where newS  is the amount of data after 

compression, and oldS  is the amount of data before 

compression. 
MSE is defined as: 
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where ( )x k  is the original signal; and ( )y k  is the 

reconstructed signal.  
When CR is selected to be 87.5 %, then only 128 

samples would be retained and 896 smallest samples 
must be set to zero. The original, reconstructed 
waveform of the data and the error between them were 
shown in Fig. 2. The compression performance of 
DCT and WT was compared here. While PQ data 
were compressed using Daubechies-4 wavelet 
transform, three-level decomposition is used. This 
made 1/8 of the transform samples coming from 
approximation coefficients. When detail coefficients 
were discarded, the CR is 87.5 %, too. The MSE of 
DCT is 0.9165, while the MSE of WT is 1.13894. The 
reconstructed errors of DCT and WT were shown in 
Fig. 2 (b), (d), respectively. It can be seen that under 
the same CR, the MSE of DCT was smaller than that 
of WT. That is to say, the compression performance of 
DCT is better than that of WT for harmonics. 



Sensors & Transducers, Vol. 19, Special Issue, February 2013, pp. 13-18 

 15

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
-2

-1

0

1

2

Time in sec
(a)

M
ag

ni
tu

de

0 100 200 300 400 500 600 700 800 900 1000
-15

-10

-5

0

5

10

15

Sample Numbers
(b)

M
ag

ni
tu

de

 
 

Fig. 1. Waveform of harmonics signal and its DCT transform: (a) Waveform of harmonics signal with 40 dB white noise;  
(b) DCT transform of harmonics signal. 
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Fig. 2. Error when CR is 87.5 % of harmonic signal: 
(a) Original signal and its DCT reconstructed; (b) Error between original data and reconstructed data after DCT;  
(c) Original signal and its WT reconstructed; (d) Error between original data and reconstructed data after WT. 

 
 
3.2. Compression of Stable PQ Event Data 
 

Typical transient PQ disturbance is SDVV. The 
fundamental frequency of SDVV data is 50 Hz, 
sampling frequency is 6400 Hzsf  , and sampling 

number is 1024. Between 150 and 400 samples, 
voltage sag with amplitude of 0.6 p.u. happens; and 
between 600 and 900 samples, voltage swell with 
amplitude of 1.5 p.u. happens. 

CR was selected to be 87.5 % as above. Original 
data and reconstructed data using DCT were shown in 
Fig. 3. The MSE was 2.1432. It can be seen that the 
compression performance of direct DCT was bad. At 
the discontinuity point of SDVV event, peaks of 
reconstructed coefficients appeared. The reason lies in 

that DCT is frequency domain analysis, which is unfit 
for nonstationary signal. 

 
 

3.3. PQ Event Data Compression based on 
Segmented DCT 

 
SDVV signal is one of some kinds of signals that 

existing singularity points in begin-end time, which 
can be detected as the modulus maximum of WT 
detail scales [7-10]. In this paper, modulus maxima of 
the first detail signal of Db4 WT are extracted, and the 
positions where weak signal singularity occurs can be 
found, which are considered as the begin-end time of 
SDVV signal. 
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Reconstructed approximation coefficients and 
detail coefficients waveform of single-scaling 
decomposition were shown in Fig. 4. Db4 WT was 
used here. Singularity points of signal in reconstructed 

detail coefficients could be seen easily. The modulus 
maxima happen at 149, 301, 400, 601, 799, 901 
sample points, which were much near the real 
singularity points. 
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Fig. 3. Error when CR is 87.5 % of SDVV signal: 
(a) Original signal and its reconstructed; (b) Error between original data and reconstructed data 
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Fig. 4. Original signal and its reconstruction coefficients: (a) Original signal; 
(b) Reconstructed approximation coefficients; (c) Reconstructed detail coefficients. 

 
 

According to the analysis above, we can get the 
method of PQ data compression based on segmented 
DCT transform. Firstly detail coefficients of wavelet 
are extracted to judge the existing of singularity point. 
If no singularity point exists, DCT is performed 
directly; and if singularity points exist, signal would 
be segmented by singularity points and segmented 
DCT and its reconstruction are performed separately. 
Using the segmented DCT method presented above, 
the MSE of SDVV signal is 0.7325 when CR is 
selected to be 87.5 %. Comparing the errors of  
Fig. 3 (b) and Fig. 5 (b), it can be seen that segmented 

DCT method reduces the reconstructed error at 
singularity point. 

 
 

4. Compression of Real PQ Event 
 

Real PQ event data with 32000 samples were 
shown in Fig. 6. The frequency is 6400 Hz. Also, we 
let CR = 87.5 %, and get MSN = 0.7913. The signal to 
noise ratio (SNR) is 42.0328. From the example it can 
be seen that the reconstructed signal remain the 
characters of original signal, and the method presented 
here is effective. 
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Fig. 5. Error when CR is 87.5 % of SDVV signal using segmented DCT: 
(a) Original signal and it’s reconstructed; (b) Error between original data and reconstructed data. 
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Fig. 6. real PQ event compression using segmented DCT. 
 
 
5. Conclusions 

 
PQ event data compression using segmented DCT is 
discussed here. The simulation and experiment results 
show that the compression effect of segmented DCT is 
better than that of WT for harmonic signal and short 
duration voltage variation signal. However, the CR is 
fixed in this paper, which is not flexible for 
performance. One of the next works is how to select 
the compression  
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Abstract: As a kind of brand-new random optimization method, genetic algorithm has been widely used in many 
cases for mechanical optimization design. This paper elucidates the principle, makeup and characteristics of 
genetic algorithm (GA). Realization steps of genetic algorithm in mechanical optimization design are described. 
At last, the trends of research on GA and its application in mechanical optimization design are discussed. 
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1. Introduction 
 

Optimal design is a new discipline developed in 
recent years. It provides a kind of important scientific 
design method for mechanical design. Perfect or 
optimum design scheme can be got from 
multitudinous design scheme when complicated 
design problem was resolved [1]. Mechanical 
optimization methods in common use such as complex 
method, random direction method, sequential 
unconstrained minimization technique (SUMT) have 
respective advantage and disadvantage, so their 
applications are limited. Genetic algorithm was put 
forward by Professor Holland of U.S.A. in 1975.It’s a 
searching and optimization method simulating life 
evolution mechanism. Compared with traditional 
optimization method, it possessed intelligent 
character, such as stronger global optimization ability, 

robustness and implicit parallelism and so on. And it is 
widely used in structural optimization design, 
adaptive control, system control, pattern recognition 
and machine learning. 

 
 

2. Principle of Genetic Algorithm 
 
Genetic algorithm (GA) is a searching method 

based on the natural selection and natural 
descendiblity, biological evolutionary mechanism. 
Searching space of solution to optimization question 
mapping genetic space. Each possible solution was 
encoded as a string of binary system called 
chromosome, each one of the chromosome is called as 
gene. Each chromosome represents a solution, and 
population is composed of a certain amount of 
individual. Firstly GA produces some individuals so 

http://www.sensorsportal.com
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as to form initial population at random, which is a 
group of solution for election to problem. Degree of 
adaptability to question environment of individual is 
calculated by fitness function according to goal 
function. Then chromosome corresponding to 
individual is selected according to individual fitness. 
These chromosomes that have low fitness are 
restrained and high fitness of chromosome is 
remained. Then an evolutionary generation population 
is generated by genetic operation such as crossover, 
mutation. Thus repeating operation, generation 
constantly evolves to optimal solution. At last 
optimum fitness to question environment of 
population, which satisfies some convergence 
conditions was got. So optimal solution to problem is 
gained [2]. 
 
 

3. Makeup of Genetic Algorithm 
 

Common genetic algorithm includes parameter 
encoding, setting of initial colony, fitness function 
design, genetic operation design and setting of 
manipulative parameter. These five factors form the 
key content of genetic algorithm. 
 
 
3.1. Encoding 
 

Encoding is the bridge that connects the question 
with algorithm. Firstly suitable encoding way is 
selected and whole parameter variable of question 
code corresponding son bunch before GA executing 
solution. Then the head of string and end of string 
were connected to a certain length bunch (supposing 
the length of string is L), namely chromosome. A 
bunch represents a solution of solution space. 
Research indicates that different encoding mechanism 
and the length of string have a definite impact on 
precision of solution to question and convergence 
speed of algorithm. The present mechanism of 
encoding has binary system encoding, real number 
encoding, structure encoding, etc. 
 
 
3.2. Generation of Initial Colony 
 

An integer N is selected as the scale parameter of 
the colony. N initial individuals of solution space are 
produced at random as initial colony, which represent 
some possible solution to question. Certainly, 
generally speaking, their fitness value is relatively 
bad. GA sets out from this initial colony, operates 
through genetic operation, simulates evolution course 
and get very excellent colony and individual finally. 
The range of N value is 10~160. 
 
 
3.3. Fitness Function 
 

It is the principle of nature evolution to select the 
superior and eliminate the inferior; merits and 

demerits have their own standard. In GA fitness 
function is described as fitness degree of every 
individual. Fitness function was introduced to 
evaluate and compare individual according to their 
fitness degree and degree of merits and demerits can 
be got. Fitness function can be classified as initial 
fitness function and standard fitness function. Initial 
fitness function is straight representation of problem 
solution goal and goal function of question is used as 
fitness measurement of individual. Standard fitness 
function has a suitable conversion to initial fitness 
function so as to be converted into a standard 
measurement manner that is all are changed as 
maximum situation and fitness value is nonnegative. 

 
 

3.4. Genetic Operator 
 

Genetic operator is composed of three main 
operators: selection, crossover and mutation. 

(a) Selection operator. 
It also called reproduction operator. It determines 

to select or eliminate individual in next generation 
according to degree of merit and demerit of individual. 
As usual, high fitness, namely, excellent individual 
has greater choice chances and low fitness, namely, 
inferior individual has small chance to keep on 
existence. Selection strategy includes fitness 
proportion selection, ranks selection and local 
competitive mechanism selection and so on. 

(b) Crossover operator. 
The simplest method of crossover is selecting two 

character bunches (former generation individual) from 
the colony at random and identifies a crossover point 
at random. Right segment of two character strings of 
crossover point exchange each other. So two new 
character bunches (later generation) is formed. 
Crossover method includes one-point crossover, 
two-point crossover, homogeneous crossover, 
crossover based on sequence and so on. 

(c) Mutation operator. 
Mutation operator changes character of some place 

of bunch at random. For example character 0 turn into 
1 or 1 turn into 0 on some place of string in binary 
system encoding. Mutation includes homogeneous 
mutation, normal mutation, discordance mutation, 
adaptive mutation, and multiple-stage mutation.  

 
 

3.5. Control Parameters 
 

Value of some parameters should be identified 
suitably so as to improve optimization effect in 
practical operation of GA. These parameters are as 
following. 

(a) The length of bunch, which is the amount of 
character in character bunch L. 

(b) The size of each colony N, that is the amount of 
character string included, also called scope of colony. 

(c) Crossover rate Pc, that is, the probability of 
executing crossover operator. The range of Pc value is 
0.25-1.0.  



Sensors & Transducers, Vol. 19, Special Issue, February 2013, pp. 19-24 

 21

(d) Mutation rate Pm, that is, the probability of 
executing selection operator. The range of Pm value is 
0.005 or so. 

 
 

4. Characteristics of Genetic Algorithm 
 
As a kind of new optimization algorithm, compared 
with traditional optimization algorithm, it has the 
following characteristic:  

(1) The treatment target of GA is not the variable 
itself, but chromosome bunch after joining the 
variable code. Therefore GA is able to operate 
structure targets, such as set, formation, matrix, tree, 
picture, chain and form, etc. directly. This 
characteristic makes GA that has very extensive 
applications. 

(2) GA searches for a group of points in the space 
at the same time, but not single point. As casting net in 
the solution space, GA samples to different areas in 
the space at the same time, and forms colony array that 
evolves continuously, or GA walks a lot of mountain 
peak side by side. This characteristic is able to prevent 
GA from falling into local optimization solution in the 
searching course, and have greater probability to get 
the global solution. 

(3) GA doesn’t have any special request for 
searching space (such as continuity, getting 
protruding), hardly has limitation to goal function, 
doesn’t require continuation differentiable, can be 
show function, can be implicit function such as shine 
upon matrix even neural network too, only requires 
that it can be appraised individuals with fitness 
function. This characteristic of GA has widened its 
application again. 

(4) GA adopts probability changes rule but not 
determinacy rule to guide their search for space. GA 
adopts probability as one tool to enlighten searching 
and has clear search directions, which has higher 
search efficiency than random searching method. 

(5) GA carries on the abundant search in solving 
the space, but not a blind exhaustion.  

(6) GA has implicit parallelism. Namely while 
searching for n individuals in the evolution course; 

)( 3nO gene modes with survival ability are searched. 

This enhances GA’s searching efficiency again and is 
easy to adopt parallel process to make parallel high- 
speed computation. 

 
 

5. Realization Steps of Genetic Algorithm 
in Mechanical Optimization Design 

 
At present, the genetic algorithm has already 

different forms of genetic algorithms through 
improving. Genetic algorithm that was generally put 
forward by John Holland in 1975 is called simple 
genetic algorithm. Realization steps of genetic 
algorithm in mechanical optimization design are 
sketched as follows now.  

5.1. Set up Optimal Mathematical Model 
 

The concrete problem of mechanical design is 
expressed and describes accurately with the 
mathematics relation. In detail, those are design 
variable, target function and restrain function. Its 
mathematical model is 

 

max )(XF  T
nxxxX ],...,,[ 21   

..ts  0)( Xgu  pu ,...,2,1  

0)( Xhv   mpppv  ,...,2,1  

 
 
5.2. Confirmation of the Code 
 

Solution to problem of genetic algorithm is not to 
act on solution space of the question directly, but 
utilizes a certain code to express. Before solution to 
GA, the suitable code way is confirmed at first, such 
as the binary system code, all design variables of 
question are encoded into son bunch, then son bunch 
is linked into a certain length of bunch, namely 
chromosome, every one bunch corresponds to a 
design point, namely one solution of the design space. 
Which kind of code is chosen will have a very great 
impact on performance, efficiency of the algorithm, 
etc. sometimes [3]. 

 
 

5.3. Confirmation of Fitness Function 
 

The fitness value is a measurement of quality of 
solution, used to reflect the individual power to the 
environmental adaptive capacity of the question. 
Fitness function is the estimating of an individual 
competition, controls the chance of the individual's 
existence. Generally it is expressed with form of goal 
function. 

 
 

5.4. Confirmation of Selection Strategy 
 

Selection is the embodiment of nature law of 
selecting the superior and eliminating the inferior, 
individuals of high fitness value have large chance to 
choose. Fitness value proportions selection is adopted 
generally, say concretely, choice probability of 

individual is ip = 


n

i
ii ff

1

/ , among them if is the 

individual's fitness value, 


n

i
if

1

is the total of the 

fitness value for the individual. Practice has proved 
that different selection strategies have greater 
influence on the performance of the algorithm too. 
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5.5. Crossover 
 

Crossover is an important genetic operator of 
genetic algorithm, its purpose is to produce the new 
gene association, and form the new individual. SGA 
adopts one point crossover method, that is, chooses a 
crossover point between two father bunches at 
random, then exchanges these two corresponding 
bunches. Crossover reflects the thought that 
information exchanges in the nature alternately. 

 
 

5.6. Mutation 
 

Mutation operation can be operated after finishing 
crossover, it is carried on according to the location, 
that is, and a certain bit of bunch can be changed with 
probability Pm. The purpose of mutation lies in 
strengthening the ability of searching optimum 
solution of GA, the individual's variety in the colony 
can be guaranteed and early-maturing convergence of 
algorithm can be prevented effectively by mutation 
operation. But too much mutation will make GA 
degraded to search for at random. 
 
 
5.7. Confirmation of Ending Criterion 
 

At present, confirmation of ending main of GA can 
be based on as following:  

(a) Judge that GA evolution reaches the greatest 
algebra booked or not; 

(b) Whether GA has found the more excellent 
individual, namely, more excellent solution to 
question;  

(c) Whether the individual's fitness value has 
tended towards stability, but has not improved. 

 
 

5.8. Confirmation of Optimum Solution  
 

If the most excellent solution or more excellent 
solution found is satisfied, it’s the end; otherwise, the 
mathematics model should be revised or every control 
parameter of GA should be adjusted until asking the 
optimum solution. 
 
 
6. Trends of Search on GA and its 

Application in Mechanical 
Optimization Design 

 
Because the genetic algorithm has incomparable 

advantage of other optimization algorithm, so, the 
application of the genetic algorithm is very extensive, 
the application and research of GA in mechanical 
optimization design was introduced partly in this text. 

(1) Structure optimization design. It resolves 
various kings of structure, the variable designed varies 
from the early structural dimension optimization to 

back-end structure form optimization, structure 
overall arrangement optimization, geometry extension 
optimization etc. Because traditional optimization 
method resolves structure optimization problem with 
many iterative times and low efficiency of solution. 
GA can deal with these problems effectively such as 
dispersed, in succession, mixed variable problem 
[4-5], optimization design of cantilever torsion 
structure and girder structure [6], optimization 
problem of dimension, geometry and extension [7] 
etc. 

(2) Cutter optimization design. Based on a simple 
genetic algorithm (SGA) principle, a mixed selection 
operator was developed. This method was applied to 
optimize the geometry and motive parameters of a 
submerged reverse-rotary tiller and found the best 
arrangement of these parameters. A mathematical 
model of a submerged reverse-rotary tiller was 
developed and the optimal results were proved 
correctly by the experiments [8]. 

(3) Optimization design of the spring. Aiming at 
the limitation of traditional optimization design and by 
means of applying fuzzy design theory and reliability 
design theory, a mathematical model of fuzzy 
reliability optimization design for springs was 
established and using genetic algorithm carried out 
optimization on it. Studies have shown that the genetic 
algorithm has very good application prospects in 
optimization design of the spring [9-11]. 

(4) Optimization design of four-bar level 
mechanism. Genetic algorithm is suit for handling the 
complex and nonlinear optional problems. It is used to 
the optimum design of four-bar mechanism with given 
motion track and multi-constrains. To avoid the local 
convergence and get the global solution, only partial 
constrains are employed in early optimization. The 
feasibility and affectivity of this method are also 
verified [12]. 

(5) Optimization creation of composite materials. 
Creation serial of composite materials layer can be 
optimized by GA, then the composite materials which 
can endure most bend-load satisfying touch and stress 
restrain can be got [13]. 

(6) Fuzzy logic controller. Fuzzy relation matrix of 
FLC can be optimized with GA; result indicated that 
response effect of was improved by GA optimization 
[14]. 

(7) Route planning of the robot. Using local 
searching method addition to vector bunch of floating 
dot and global searching method, GA looked the 
optimum route considering the length of route and 
collisionless constrains between robot and obstacle, 
robot and robot. Then a high-efficient algorithm of 
this kind of complicated problem was got [15].  

(8) Optimization of design and process error. 
Design and process error assigning are optimized with 
the condition of the least total manufacturing expense, 
GA can solve the nonlinear and large variable 
optimization problems and it has realistic meanings 
[16]. 

(9) Dependability optimization design. The 
smaller gear’s number of teeth and normal module and 
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helix angle and averaging of tooth width are regarded 
as variable in circular gear’s driving design, the 
smallest volume sum of the two circular gears is 
realized as the objective function, the designing theory 
of fuzzy and reliability are applied and the fuzzy 
reliability optimization design’s mathematical model 
of Novikov gears driving with double circular are 
tooth profiles is built by using method of genetic 
algorithm is optimized, the result addressed the effect 
is right [17]. 

(10) FMS optimization design. A hybrid genetic 
algorithm (HGA) is proposed for optimal design of 
FMS based on Closed Queuing Network (CQN). The 
monotony feature of throughput function and cost 
function in the CQN model is fully utilized to design 
an operator called as Maximum Throughout-Cost 
Gradient Operator, which can guide the new 
populations into feasible region from infeasible 
region. Thus, the HGA capable of solving the 
constraint optimal problem of FMS is realized and its 
ability of local search is enhanced [18]. 

Further prospect on theory, method and 
application of GA can be made. 

(1) GA can permeate and combine with 
intellectual computing technologies, such as neural 
network, fuzzy reasoning, etc. each other, then form 
the intellectual computing technology in the 21st 
century together. 

(2) GA should combine with traditional 
optimization method, gives play to one's own 
advantage each so as to accelerate the search 
efficiency and the convergence speed of GA and 
widen its range of application. 

(3) GA can permeate and combine with Evolution 
Strategy, Evolution Programming each other so as to 
improve the intelligent search for GA further. 

(4) There are too many control parameters of GA, 
and different selection of these parameters can have a 
greater impact on performance of GA often. 
Commonly used method is selecting parameters value 
definitely according to experience, then algorithm is 
executed for many times so as to obtain optimum 
solution or approximate optimum solution to problem. 
How to choose these control parameters and how to 
make parameters self-adaptation regulation among 
GA, are need to further research and discussion. 

(5) Energy-conservation design. Encoding motor 
type, electric control parameter, mechanical drive 
scheme and parameter of equipment, such as 
automobile, crane, machine tool, etc, as the variables, 
and regarding minimal consuming energy as a goal, 
with the constrains of satisfying function request, 
energy-conservation design of different type 
equipments can be got by making use of GA 
optimization. 

(6) At present, sequence unconstrained 
minimization technology was used commonly and 
how to confirm the rational penalty function is the 
difficult point of this method when constrains 
optimization problem was solved by GA. In addition, 
there are penalty factor when penalty function was 
used, but selection of penalty factor can affect 

efficiency of genetic algorithm. If penalty factor 
selected is small, the ratio of penalty term to goal 
function is small, thus make it relatively difficult to 
produce solving feasibly. If penalty factor selected is 
too big, some local optimal solution can be converged 
earlier because of paying attention to feasibility of 
solution. So, while solving optimization problem with 
the genetic algorithm, besides control parameter of the 
genetic algorithm itself, other parameters as few as 
can in order to prevent the parameter from influencing 
the convergence and efficiency of the algorithm more. 
So, the method of solving constrains optimization 
problem by using GA was studied further still in order 
to make GA have simplicity and commonability while 
asking constrain optimization problem. 
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Abstract: This paper presents a method for robustly estimating camera pose in dynamic scenes. The main 
contribution of it is to use a background tracking method to ensure the accurately tracking of the moving 
background, thus to increase the robustness of the camera pose estimation. It has three innovations over existing 
methods. First, it uses a fast model initialization method to get the sparse model of the background; Second, it 
utilizes the newly developed 3-D motion segmentation method to segment the consecutive frames into different 
motions and uses an on-line model updating method to track the sparse model of the background; Third, it 
employs a model selection method to effectively connect the dynamic scenes with static scenes for an accurate 
estimation result. The method is tested on synthetic data and real-world image sequences and results show that it 
outperforms the existing methods. Copyright © 2013 IFSA. 
 
Keywords: Camera pose estimation, Motion detection, Multiple view geometry, Dynamic vision 
 
 
 
1. Introduction 
 

A classic problem in computer vision is to estimate 
the camera pose using a set of 2-D feature points as 
they move in a video sequence. Camera pose 
estimation in static scenes has been well studied in the 
last two decades ([1]) but most developed solutions 
fail when there is a dynamic scene. The assumption of 
a static scene, however, severely limits the application 
of camera pose estimation algorithms. The limitation 
is becoming increasingly significant with the growing 
proliferation of moving camera platforms, like robots, 
vehicles and cellular phones. 

There are a lot of works concerning the problem of 
camera pose estimation. For two-frame applications, 
Hartley proposed an "8-point algorithm" in [1]; the 
method in [2] is applied with RANSAC ([3]) to solve 
the problem with calibrated cameras. In applications 

where points could be tracked from frame to frame, 
the factorization techniques for orthographic camera 
models and projective models could be used to handle 
the problem. All these methods are designed for 
camera pose estimation in static scenes and we could 
not find any literature that focuses on the problem of 
camera pose estimation in dynamic scenes where there 
are some independently moving objects in the scenes. 

It is true that by using inliers/outliers 
discriminating methods can handle the camera pose 
estimation problem with dynamic scenes in some 
cases (i.e. the independently moving objects are 
small), however, they would fail in more general 
cases. Consider a representative and simple example 
in Fig. 1. It shows an image sequence captured by a 
freely moving camera in a dynamic scene. There is an 
independent moving object in the scene. The feature 
points (SIFT [4], all the feature points used in this 

http://www.sensorsportal.com
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paper are SIFT points) are also superimposed on the 
images (solid circles, hollow circles and triangles). It 
is difficult to estimate the camera poses because the 
points on the independently moving object would 
severely destroy the results. For example in the 
4th frame of the image sequence (Fig. 1, row 1, 
column 4), there are 57 points belonging to the 
background while more than 100 points belonging to 

the independently moving object. Traditional camera 
pose estimation method that with inliers/outliers 
discriminating mechanism (e.g. RANSAC) would 
definitely fail in this case because it seems 
unreasonable to select the correct background points 
to be the inliers in that these points are not the 
majorities. 

 
 

 
 

Fig. 1. An image sequence captured in a dynamic scene. 

 
 

There are two cases that will lead to the failure of 
the inliers/outliers discriminating methods. First, the 
independently moving objects appear larger than the 
background in some of the images in the sequences. In 
general, there would be more feature points extracted 
from the independently moving objects, thus the 
camera pose estimation results will be severely 
affected by the motion of the independently moving 
objects. Second, there are much more texture on the 
independently moving objects than the background in 
some of the images in the sequences. In general, this 
will cause the same results with the first case. It would 
result the worst if both the cases are met in one image 
sequence. 

For the aforementioned drawbacks and the failure 
cases of the traditional camera pose estimation 
methods, we propose a novel method to solve this 
problem. The proposed method includes a fast 
initialization stage to collect necessary information of 
the background. Then, it updates the on-line model of 
the background in step with the image sequence. The 
core intuition is that the background point trajectories 
of each group of a consecutive images share a unique 
motion. We can segment the point trajectories of small 
group of images into different motions and utilize the 
"unique motion" criterion to extract on-line 
background model step by step on the basis of 
aforementioned initialization. In this procedure the 
background is being "tracked", so it is called 
"background tracking". The camera pose estimation 
can be performed concurrently. 

The rest of the paper is organized as follow. We 
first give a detailed analysis of the camera pose 
estimation problem in dynamic scenes and a review of 
the 3-D motion segmentation methods in Section 2, 
and introduce the background tracking scheme and 

camera pose estimation method in dynamic scenes in 
Section 3; At last, we show some experiments of the 
proposed method in Section 4 and conclude in  
Section 5. 
 
 
2. Problem Analysis and Preliminaries 
 
2.1. Problem Analysis 

 
With the simple example in Fig. 1 and some 

further thinking, one could easily understand that the 
key issue of camera pose estimation in dynamic 
scenes is the correct extraction of the background 
points. The following analysis supports this idea. 

In essence, for a projective camera, camera pose 
estimation is to estimate the camera external 
parameters [  ]R t  ([1]) with the camera model 

q PQ  ( q is an image point and Q  is a point in 

space both in homogenous coordinates). 
And [  t]P K R is the homogeneous camera 

projection matrix, in which K  is the camera 
calibration matrix, R and t  are the camera external 
parameters. With calibrated cameras in static scenes, a 
usual way of obtaining the camera pose is to estimate 
the essential matrix ([5]). That is, with sufficiently 
many point matches '

i iq q of two images, the 

essential matrix E derived from the well known 
Epipolar constraint 1 1( ) ( )T

i iK q E K q   can be utilized 

to recover R and t  (with the relationship [ ]E t R ). 

There are lots of excellent methods like RANSAC 
([3]) to solve this problem ([1]). However, the 
problem of camera pose estimation in dynamic scenes 
is a dilemma and the fore mentioned essential matrix 
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estimation based methods always fail. As mentioned 
in ([6]), image motion is induced by a confluence of 
camera motion, independent object motions and the 
scene structure. Therefore, if either the scene structure 
or the camera motion is obtained, other parameters 
can be estimated; or else all are ambiguities. Let 

2 1...

1...{ } | f F

fp p Pq q 
 P  be the projection of P 3-D points 

3

1{ } |Pp pQ Q  P  in a dynamic scene of frames of a 

freely moving camera. The P trajectories 
2

* 1{ } |Pp pq   P  can be represented as 

 1 2 ... P   and they can be separated into two 

categories: trajectories belonging to the independent 
moving objects 1 1 1,..., ,..., , ,...,i back back M      and 

trajectories belonging to the background back , in 

which ( ,1) ( ,2) ( , ) ( , ){ , ,..., ,..., }
ii i i i j i N         ( iN is 

the total number of the feature points of the thi  
trajectory set and   is a table with ( , )i j indicates 

the trajectory index in   of the thj  trajectory on the 

thi moving entity). For each trajectory set, the 
epipolar constraint holds. That is: 

 
1 1 1

(1, ) (1, )

1 1

( , ) ( , )

1 1

( , ) ( , )

( ) ( ) 0,

..., ( ) ( ) 0,

..., ( ) ( ) 0

T

s s j t t j

T back

s s back j t t bak j

T M

s s M j t t M j

K q E K q

K q E K q

K q E K q

 

 

 

 

 

 






 

(1) 

 

in which s  and t  are indexes of any two frames of 
images. It is clear that backE encodes the true camera 
pose. However, it is hard, even impossible to 
estimate backE with the traditional methods. That is 
why these methods fail in a dynamic scene. 

As analyzed above, the core issue of camera pose 
estimation in dynamic scene is to extract the 
background correctly, whether sparsely or densely. A 
lot of background extraction method can be proposed 
based on some assumption of the background. For 
example, the traditional assumption of "spatial 
dominant rigid object" ([7]). However, these 
assumptions can not be met all the time and they may 
be unstable when faced with long image sequences. 
Therefore, this paper proposes a new "background 
tracking" method to overcome the shortcomings of the 
existing methods. 

 

 

2.2. Preliminaries: 3-D Motion Segmentation 
 

As mentioned above, 3-D motion segmentation 
methods are utilized to segment point trajectories of 
group of images into different motions. These 
techniques can be separated into two categories [8]: 

1. Affine methods ([9-14]) assume an affine 
projection model. Under the affine model, 3-D motion 
segmentation can be implemented by clustering point 
trajectories into different motion subspaces. Several 
methods like RANSAC, GPCA, and LSA were 
proposed and well tested on the Hopkins 155 
database. A comparison can be found in [8]. 

2. Perspective methods ([15-17]) assume a 
perspective projection model. In this case, 3-D motion 
segmentation can not be achieved by subspace 
clustering. Point trajectories of each moving object lie 
in a multi-linear variety. Therefore, 3-D motion 
segmentation becomes a clustering problem of these 
multi-linear varieties. A lot of perspective methods are 
also ready for use, for example algebraic methods like 
factorizing bilinear and tri-linear varieties in [17] and 
[18]. These methods are effective but they still need to 
be significantly improved. 

The proposed camera pose estimation method 
does not rely on the camera model used in 3D motion 
segmentation method. However, since the perspective 
methods are not mature enough, we use the affine 
methods [8] in this paper. 

Let 2 1...

1...{ } | f F

fp p Px 
R be the projections of P 3-D 

points 3

1{ } |Pp pX P lying on a rigidly moving object 

[8] onto F frames of a moving camera. Under the 
affine projection model, the images satisfy the 
equation 

 

fp f px A X , (2) 

 

where 

1 0 0 0

0 1 0 0
0 1

0 0 0 1

f f

f f T

R t
A K

 
         

is the affine 

camera matrix at frame f , 2 4

fK R is the camera 

calibration parameter { , }f fR t is the object pose 

parameters relative to the camera. 
Let 2

1

F PW R be the matrix whose P columns are 

the image point trajectories 1{ } |Pfp px  .From Equation 2, 

1W can be decomposed into the motion matrix 
2 4

1

FM R and the structure matrix 4

1

PS R as 
 

1 1 1

TW M S  (3) 
 

and in detail it is 
 

 
11 1 1

1 4

1 2 4

P

P P

F FP F F

x x A

X X

x x A




   
      
      



    


 

(4) 

 
Follow the introduction in [8], the 2D trajectories 

of a set of 3-D points seen by a rigidly moving camera 
(the columns of 1W ) live in a subspace of 2FR  with 

the dimension 1 1( ) 2,3 or 4d rank W  . 

Consider about n  rigid-body motions relative to a 

moving camera: Let 2

1 2[ ... ] F P

nW W W W  R  

be the data matrix where the columns of 2 iF P

iW R  

are the iP  trajectories associated with the thi  moving 

object.
1

n

i

i

P P


 , and P PR  is an unknown 
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permutation matrix. It is clear that W  can be 
factorized like this: 

 

1

2
1 2

ˆ

ˆ
ˆ ˆ ˆ[ ... ]

ˆ

T

n

n

S

S
W M M M MS

S

 
 
 

    
 
 
 



 

(5) 

 
It follows that one possible way of solving the 

motion segmentation problem is to find a permutation 
matrix   and use decomposition method to factorize 
W  like above. This is the basis of most existing 3-D 
motion segmentation methods. In this paper, the 
proposed method utilizes GPCA [12] to obtain the 
segmentation result 1W  to nW . 

 
 
3. On-line Background Tracking  

and Camera Pose Estimation  
in Dynamic Scenes 

 
The proposed method includes two steps to 

construct the sparse background model as following. 
 
 
3.1. Model Initialization 
 

The initialization, as a counterpart of the training 
step of some background extraction methods, is 
performed at the beginning of the image sequence. 
However, it is different from the latter in that the 
purpose of it is to extract some background feature 
points rather than to establish the full background 
model. 

The proposed method needs some frames at the 
beginning of the image sequence to initialize the 
sparse background model. The number of frames it 
needed depends on the motion pattern of the camera 
and typically it is 3 to 10. It is better to initialize by 
frames that contain no other motion regions except the 
background. However, if the frames for initialization 
include some foreground motion regions, the method 

just uses the "dominant rigid object" assumption [7] to 
select the background points. 

If there are 0F  frames provided for initialization, 
the 3-D motion segmentation techniques could be 
utilized to segment the feature point trajectories 

0 00 2F PW R into 0n different motions, where 0P  is 
the number of trajectories extracted. That is 

0

0 0 0 0

1 2[ ... ]
n

W W W W  . In this, 

 

0

0 0 0

0

0

0 0

,(11) ,(1 )

0

0 0

,( 1) ,( )

0 0

,(*1) ,(* )

0 0

,(1*) ,( *)

    [ ... ]

    [ ... ]

i

i i i

i

i

i i P

i

i F i F P

i i P

T

i i F

x x

W

x x

x x

x x

 
 

  
 
  







  



, 

(6) 

 
where 0

iP is the number of the trajectories of the 

thi motion, 0

,(* )i jx is the thj  trajectory and 0

,( *)i kx is the 

feature points of the thk frame of the thi  motion. 

If 0 1n  , the "dominant trajectories" are considered to 
be trajectories of the background; or else, all are 
selected as the background trajectories. It is 
recommended to initialize with frames without motion 
regions other than the background. 

By the end of this step, the background trajectories 
0

backW  are selected to be the sparse background model. 

Fig. 2 shows the sparse background initialization 
of an image sequence. The figure shows frame 1 to 5 
in the image sequence. In this example, the first 3 
frames are selected to initialize the sparse model. We 
extracted the feature point trajectories of the 3 frames, 
and in this example, there is only one motion pattern 
in these 3 frames, so all the point trajectories form the 
sparse background model. 

 

 
 

Fig. 2. Sparse Background Model Initialization Process  
of an Image Sequence. 

 
 

One aspect that should be clear is that most of the 
3-D motion segmentation techniques (including the 
one we used: GPCA) could not infer how many 
motions are there in the point trajectories. Therefore, 
we do not know if there is only one motion in the 
scene only using these techniques. For the sparse 
model initialization, we use two ways to handle this 

problem. One way is that we manually ensure that 
there is only one motion in some frames and use these 
frames to initialize the sparse model. Another way is 
that we assume there are a number of motions in the 
scene and after the 3-D motion segmentation; we 
merge them by checking if these motions conform to a 
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unique motion model within an acceptable error 
threshold. 

In the example of Fig. 2, we could either manually 
ensure all the point trajectories belong to the 
background or use the aforementioned motion 
merging method. Further, we could also choose the 
"dominant motion" to be the sparse background and 
this will not affect the results of the following sparse 
model updating process. 
 
 

3.2. On-Line Model Update 
 

For model updating, 1F frames are selected to get 
a new model. There are 1

overlapF  overlapping frames 

between these 1F frames and the 0F  initializing 
frames. Also, there are 1

freshF  "fresh" frames added 

and 1 1 1

overlap freshF F F  . The goal of the model updating 

step is to select the background trajectories from these 
1F  frames. 

The feature point trajectories of these 1F  frames 
can be segmented using the 3-D motion segmentation 
techniques into 1n  different motions. Therefore, 

1

1 1 1 1

1 2[ ... ]
n

W W W W  . 

The background model of these 1F  frames can be 
updated with the sparse model of the overlapping 
frames. That is, for thk  of the overlapping frames in 

these 1

overlapF  frames, the feature point set 
11 1

,( *) ,( ) 1{ } | backP

back k back kj jX x  must has a nonempty 

intersection with 0 1

0

,(( )*)overlapback F F k
X

 
of the corresponding 

frame in previous 0N  frames, because all background 
points do have the same motion. In short it 
is 0 1

1 0

,( *) ,(( )*)overlap
back k back F F k

X X
 

  . 

The proposed method examines from 1

1W  to 1

1

n
W  

to see which trajectory set fits the requirement above 
and obtain the updated model 1

backW . 

With 1

backW , we can update the background model 
2

backW  for the following 2F  frames in the same way. 

This process can be performed step by step for an 
image sequence of any length and obtain the sparse 
background model for any successive frames and 
other point trajectories are considered to be the 
foreground trajectories. 

Fig. 3 shows the details of this sparse model 
updating process of one frame in an image sequence. 
In this figure, the first row is frame ( 1i  ) (in this 
particular example, 6i  ) and the second and the third 
row are the sparse background/foreground model 
updating process of frame i . We use these 2 frames to 
illustrate the detailed process of the sparse model 
updating. Suppose we have the sparse background 
model of frame ( 1i  ) (markers of hollow green 
circles and solid red circles belong to this category) in 
row 1 column 3, we want to get the sparse 

background/foreground models of frame i . There are 
6 steps: Step 1(row 2, column 1), we get the feature 
point trajectories from an image sequence begins at 
frame i (in this example frame from 6 to 8), we mark 
all the trajectories at frame i  with black 'x' markers. 
Step 2 (row 2, column 2), we use 3-D motion 
segmentation techniques to segment the feature point 
trajectories into different motions. In this frame, there 
are two motions, the cyan circles are one motion and 
the magenta triangles are another motion. Step 3 (row 
2, column 3), we examine the points in both the 
motions to see if they have some overlaps with 
frame 1i  . In this case, we do find some overlapping 
points (some of them are shown as the linked lines in 
the figure). Step 4 (row 3, column 1), these 
overlapping points are considered to be a subset of the 
background points in frame i and marked as solid red 
circles. Step 5 (row 3, column 2), as discussed above, 
we know that point trajectories that with the same 
motion as the overlapping points are also a subset of 
the background points, so we consider them as new 
background points and marked them as hollow green 
circles. Thus we got the new sparse background 
model. Step 6 (row 3, column 3), other motions are all 
considered to be foreground points. 

Thus we got the sparse background/foreground 
model of frame i . This process can continue as long as 
the image sequence. 

Fig. 4 shows the updating process of the 
background models of an image sequence. Note that, 
the background totally changed through the image 
sequence and there are far more foreground points in 
some frames but the extracted backgrounds are very 
accurate. 
 
 

3.3. Merging of Static Scenes with Dynamic 
Scenes 

 

As mentioned above, the background model can 
be established by motion segmentation, but it is more 
complicated in practice. The background modeling 
could be erroneous due to the bad segmentation result. 
This is mainly because that most of the 3-D 
segmentation methods could not determine the 
number of motions automatically. This drawback can 
cause serious error especially when the independently 
moving objects move into and out of the scene. For 
example, when there are two motions in the scene, the 
camera motion and an independently moving object, 
as the object moves out of the scene, there is only one 
motion left. However, the 3-D segmentation method 
could not aware this event and it recklessly segments 
the trajectories into two motions and this leads to a bad 
background model. This is also a serious problem in 
the initialization stage. Although there is a model 
initialization stage, it is useless if it is supervised. That 
is, the number of frames available for initialization 
and in which frame there enters an independently 
moving object should not be known a priori. 
Therefore, this will cause wrongly segmented result, 
then an erroneous background model. 
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Fig. 3. Sparse Background Model Updating Process Details. 
 
 

 
 

Fig. 4. Background Model Updating Example. 
 
 

Our intuition to solve this problem is that, in the 
overlapping frames, some percentage (we call this 
"overlapping percentage") of the background points in 
the current frame group are background points of the 
last group. If the true background points are wrongly 
segmented into different motions, the overlapping 
percentages in these motions are close. With this 
characteristic, statistical method could be integrated to 
solve this problem. Therefore, if one motion has much 
higher overlapping rate with the background model in 
the previous frame, we consider the points in this 
frame to be the new background model. 
 
 
3.4. Camera Pose Estimation in Dynamic 

Scenes 
 

Up to now, we get the method of camera pose 
estimation in dynamic scenes. 

With the first few frames of the image sequence, 
the background model is initialized. By utilizing the 
3-D motion segmentation method, the background 
feature points are tracked and the background model is 
updated step by step. Camera poses are estimated with 

the Essential matrix based method by using the on-line 
model of the background, thus eliminated the 
influence of any independently moving foreground 
objects. 

The algorithm is as follow: 
(1)The first initf frames are selected to initialize the 

background model and initf  is usually set to 3 to 10. 

The camera poses are estimated using Essential matrix 
based method for these frames. 

(2)Then the algorithm moves on for stepf  frames. 

That is, frames with the indexes from stepf to step initf f  

are processed with the 3-D motion segmentation 
method and the on-line model of the background is 
updated. And stepf is usually set to be 1 to 3. The 

camera poses are estimated with the on-line 
background model using Essential matrix based 
method for these frames. 

(3)The algorithm moves on for further stepf  and 

progresses as in step (2) until the last frame of the 
image sequence thus gets all the camera poses in the 
dynamic scene. 
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4. Experimental Results 
 
4.1. Experiments with Synthetic Data 
 

The synthetic data is tested to demonstrate the 
effectiveness of the proposed method. Fig. 5 shows 
one example of the camera pose estimation of 
synthetic data. There are 200 background points and 
120 foreground points generated with zero-noise. The 
synthetic image sequence contains totally 100 frames. 
There are 80 background points visible at each frame 
and the foreground points are visible at frame 1-6, 
30-39 and 70-79. Both the camera and the foreground 
points move randomly. The rotations angles (one part 
of the motion parameters) follow the normal 
distribution with 0 mean and a standard deviation of 
3. The translations (the other part of the motion 
parameters) are with normal distribution with 0 mean 
and a standard deviation of 30. In the figure, makers 
of "+" are original data, markers of "o" are the 
estimation results of the proposed method and 
markers of "x" are the results of RANSAC method. 
The results show that the proposed method works 
much better than the traditional RANSAC method. 

In the next experiment, synthetic image sequences 
with determined noise level and background point 
number but varying foreground point number are 
tested to show the camera pose estimation results 
influenced by the size of the independently moving 
foreground objects(more accurately, by the feature 
point number that could be extracted from the 
foreground objects). In the image sequence, totally 
200 background points are generated. The foreground 
point number is chosen from 0 to 320 with a span of 
40 and different in each image sequence. Totally  
100 frames are generated in each sequence with the 
noise level of 0. In each frame of the image 
sequences, 80 background points are visible and the 
first 6 frames are utilized for background initialization 
(without foreground points). The experiment repeated 
for 50 times to get a convincing result. Fig. 6 shows 
the result. We could conclude with this result that the 
proposed method could work well with big 
foreground objects while the RANSAC based method 
could only work while the foreground objects are 
relatively small(foreground number that bellow 40). 

In the last synthetic experiment, data is generated 
to test the estimation results influenced by the noise 
level. In the image sequence, there are 200 
background points and 80 foreground points. Totally 
100 frames generated of each image sequence, with 
80 background points visible in each frame and 
foreground points visible at frame 1-6,30-39 and 
70-79. The image measure noise level changes from 0 
to 12 pixels (Gaussian noise) and for each noise level, 
the experiment repeats for 50 times to get a 
convincing result. The result (Fig. 7) shows that the 
proposed method has a small average error and 
increases linearly with the noise level while the 
RANSAC based method has a much larger average 
error that almost independent of the noise level. That 

means the mechanism of RANSAC is the main error 
source of the camera pose estimation in dynamic 
scenes. 

 

 
 

Fig. 5. Camera pose estimation results  
of a synthetic image sequence. 

 

 
 

Fig. 6. The relationship of the estimation errors  
of the methods with the foreground number. 
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Fig. 7. The relationship of the estimation errors  
of the methods with the noise level. 

 
 

4.2. Experiments with Real-World Image 
Sequence 

 
In this experiment, real-world image sequences are 
tested. Fig. 8 show some frames (the frame indexes 
are 1, 11, 21, 31, 41, 51, 61, 71, 81, 91, 101 and 111) 
of the tested real-world image sequence.  

Fig. 9 shows the camera pose estimation results of 
the real-world image sequence. There are totally 138 
frames in this image sequence. In the figure, makers 
of "+" are reference from an "Attitude and Heading 
Reference Systems", markers of "o" are the estimation 
results of the proposed method and markers of "x" are 
the results of RANSAC method. The results show that 
the proposed method works much better than the 
traditional RANSAC method. 
 
 

 

 
 

Fig. 8. Sample frames of a real-world image sequence. 
 
 

  
 
 

 
 

Fig. 9. Camera pose estimation results of a real-world image sequence. 
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5. Conclusions and Future Work 
 

This paper has proposed a novel method of robust 
camera pose estimation in dynamic scenes and 
experiments of synthetic data and real-world image 
sequences show the effectiveness of the method. 

There are a lot of issues of our method that need 
further investigation. For example, the runtime of the 
proposed method is relative long and how to improve 
the method to get a real-time implementation is of 
great importance for many applications. 

Our work also suggests many interesting future 
directions. For example, the application of the method 
to robot navigation and the combination of the 
framework with robust 3D feature matching or image 
registration. From the experiments, we could found 
that if the 3-D segmentation result is poor, the camera 
pose estimation result will be erroneous. Therefore, 
the 3-D motion segmentation techniques need more 
in-depth study. 
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1. Introduction 
 

Stabilization design is fundamental problem of 
non-linear system. Because many problems, such as 
the design of detector, chasing, disturbance restrain, 
etc, will be concluded as non-linear system’s 
stabilization problem after some transformation. 

After 1970, academicians advanced kinds of 
methods to solve stabilization problems in common 
non-linear system [1-4]. The methods can solve 
different problems with their characteristics. In these 
methods, zero dynamic, controlling Lyapunov 
function, back-stepping method is effective. For 
example, Huang [5] use zero dynamic method realizes 
asymptotic chasing; Mrdjan Jankovic [6] use 
controlling Lyapunov function to solve robust 
stabilization problems; Zhang [7] and his coordinators 
use back-stepping design to control linear system of 
time-varying with known or unknown parameter. 
However, every method has its limit. Zero dynamic 
method demands that the zero dynamic sub-system is 
asymptotic stable. When use Lyapunov function, we 
must firstly find the controlling Lyapunov function in 

the system. When use back-stepping method, the 
system must be a special cascaded pattern. 

This article puts forward a method of stepping 
disappearing. Firstly part of the system state is driven 
to origin, in the following design these states can 
substituted by 0. Because of the zero substitution, 
some items that are coupled with these states can be 
changed to 0. This kind of stepping design method can 
be applied to half decoupling non-linear system. In 
fact, many systems can be converted to half 
decoupling system, especially chaos system. In this 
article, this method is applied to realize the controlling 
and synchronization in chaos system. Stepping 
disappearing method is applied to realize the 
controlling and synchronization in the unified chaos 
system. The theory stepping disappearing method is 
researched, and it is applied to Genesio chaos system 
for its controlling and synchronization. 

 
 

2. Basic Definition 
 

Considering the following nonlinear system with 
p-dimesion input 
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  , , 1,2,...,i i ux f t x u i p


 
, 

(1) 

 

where 1 2, . , ,...,i
Tn T T T

i i px R u R x x x x       and 

1 2, ,...,
T

pu u u u     is the state and input of the system. 

Nonlinear function   , , 1, 2,...,i if t x u i p
 is plenty 

smooth. And suppose    ,0,0 0 1,2,...,if t i p 
, 

where origin is the balance point of the system [8]. 

Definition 1: If system  , , ( 1,2,..., )i i ix f t x u i p


   is 
a feedback half decoupling system, system 

 

 
1 1( 0,... 0), , ( , , ) ( , , )( 1,2,..., )

ii i i i x x i iix f t x u t x v f t x v i p




   
, 

(2) 

 

is a feedback half decoupling model of system (1).  
Theorem 1: considering the following cascaded 

system. 
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(3) 

 

in which ( 1, 2,..., )in
ix R i n  . For any initial value, the 

solution of system (3) is bounded. 
And if the following decoupling system’s solution 
 

  

 

 

 

1 1 1

2 2 2

3 3 3

,

0, ,

0,0, ,

......

0,0,......, 0, .n n n

x f x

x f x

x f x

x f x















 , 

(4) 

 

is globally asymptotic stable, system (4) is globally 
asymptotic stable. 

Theorem 2: Suppose system (1) is feedback half 
decoupling, which means feedback control 

  , , 1, 2,...,i i iu u t x v i p 
 can be found to get half 

decoupling system (2). If system (2) can be globally 
asymptotic stable by feedback 
   , 1, 2,...,i iv t x i p  , and the solution of  

 

  , , ( , , , ) ( 1, 2,..., )i i i i ix f t x u t x v t x i p


 
, 

(5) 

 

is bounded, system (3) is globally asymptotic stable 
[9]. 

Theorem 3: If we can design the following 
controller 

 
 

1 1 1 2

2 2 2

1 1 1

( , , ,..., ),

( , ,..., ),

......,

( , , ),

( , ),

p

p

p p p p

p p p

u t x x x

u t x x

u t x x

u t x









  








, 

(6) 

 
which can stabilize the following system in limited 
time [10]. 

 

 1,0,...,0, , ,..., , ( 1,2,..., )i ii i i px f t x x x u i p


 
 

 
Controller system (1)’s balance point 

 1 2, ,... (0,0,..., 0)px x x 
 can be found by controller 

(6) within limited time. 
 
 
3. Time Limited Chaotic Control  

for Genesio System 
 

Genesio chaotic system is advanced by Genesio 
and his coordinators. It has many characteristics of 
chaotic system. It contains a simple quadratic term and 
3 general linear differential equations, which depend 
on 3 positive real numbers. The dynamic system is 
described as following: 

 
 

1 2

2 3

2
3 1 2 3 1 ,

x x

x x

x cx bx ax x











     , 

(7) 

 
where a, b, c is 3 positive real numbers, they satisfy 
ab<c. In this part, Genesio system is used to explain 
the stepping design method. 

In this part, the origin time stable problem in 
Genesio system is considered. The controlled Genesio 
system is described as follows: 

 
 

1 2 1

2 3 2

2
3 1 2 3 1 3,

x x u

x x u

x cx bx ax x u







 

 

     , 

(8) 

 

Step 1: Let 1 2 1 (0 1)u x x      , the first 
equation of system (8) is changed to 
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1 2 1 1x x u x 


   
, 

(9) 

 
Considering the optional Lyapunov function 
  

   2
1 1 1

1
.

2
V x x

, 
(10) 

 
Along system (9) to get the solution 
 

 
 

2 1
1 2 2

1 1 1 12 .V x x V
 


 

   
, 

(11) 

 

Because 0 < β < 1, 
1

0 1
2

 
 

. Controller 

1 2 1 (0 1)u x x       can stabilize x1 in limited 
time, which means there is some time T1>0, after 

which 1 0x 
. 

Step 2: Let 2 3 2 (0 1)u x x      , the 2nd 
equation of system (8) is changed to  

 
 

2 3 2 2x x u x


   
, 

(12) 

 
Similar to the analysis did to x1, it can be proven 

that controller 2 3 2 (0 1)u x x       can stabilize 
x2 in limited time. There is some time T2>0, after 

which 2 0x 
. 

Step 3: Let 3 3 (0 1)u x     . When 

1 2max( , )t T T , 1 0x 
, 2 0x   is get. So when 

1 2max( , )t T T
,  

 
2

3 1 2 3 1 3 3 3 .x cx bx ax x u ax x


        
,

(13) 

 
is get. 
Considering the following Lyapunov function 
 

 
  2

2 3 3

1
.

2
V x x

, 
(14) 

 
Along system (13) to differentiate (12) can get 
 

1 1
1 2 2

2 3 3 3 3 3 3 2( ) ( ) 2 .V x x ax x ax x V
 

 
 

        ,
(15) 

 

From theorem 2, controller 2 3 (0 1)u x      
can stabilize Genesio chaotic system (8) within 
limited time. 

 
 

4. Chaotic Synchronization in Genesio 
System 
 
In this part, applying stepping design method is 

considered to realize chaotic synchronization. The 
drive system is as (7), the responding system is  

 
 

1 2 1

2 3 2

2
3 1 2 3 1

,

,

,

y y v

y y v

y cy by ay y







 

 

    
, 

(16) 

 
where v1 and v2 are the controller that will be 
designed to realize asymptotic synchronization. 
Record 
 

1 1 1 2 2 2 3 3 3, , .e y x e y x e y x     
 

 
Equation (16)  minus equation (7), the error system 

is as follows: 
 

 
1 2 1

2 3 2

3 1 2 3 1 1 2

,

,

( ).

e e v

e e v

e ce be ae e x x







 

 

    
, 

(17) 

 
Synchronization feedback controller is designed in 

3 steps. 

Step 1: Let 1 2 1 1 1( 0)v e k e k    , where 
appropriate k1 can be chosen to adjust convergence 
speed. The 1st equation of error system (17) is 
changed to  

 
 

1 2 1 1 1.e e v k e


   
, 

(18) 

 
Obviously, system (18) is asymptotic stable. 

Hence, e1 can be asymptotic stabilized by linear 

feedback controller 1 2 1 1 1( 0)v e k e k    . 

Step 2: Let 2 3 2 2 2( 0)v e k e k   
. The 2nd 

equation of error system (17) is changed to  
 

 
2 3 2 2 2.e e v k e


  
, 

(19) 

 
It’s known after simple analysis. This system is 

asymptotically stable. 
Step 3: Take the 3rd equation in system (17) into 

consider, which can be described as the following 
equation 
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3 1 2 3 1 1 2( ).e ce be ae e x x


     
, 

(20) 

 

when e1=0, e2=0, 
 

 
3 3 .e a e


 , 
(21) 

 

From the terms of theorem 1, the asymptotic 
stabilization of e3 needs system (17) to satisfy 
bounded terms. Under the effect of feedback control, 
the error system is 

 
 

1 2 1 1 1

2 3 2 2 2

3 1 2 3 1 1 2

,

,

( ).

e e v k e

e e v k e

e ce be ae e x x







   

   

      , 

(22) 

 
From the up warding analysis we know 

   1 1 0e t e
, and 

   2 2 0e t e
. So e1 and e2 are 

both bounded. Considering the following Lyapunov 
function 

  2
3 3

1
.

2
V e e

 
 

Along the 3rd equation of system (22) and 
differentiate it will get 

 

    
  

  

 

3 3 1 2 3 1 1 2
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3 3 1 2 1 1 2

22
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1
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V e e ce be ae e x x
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a x
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(23) 

 

where 
  2

1 2 1 1 2

1
ce be e x x


     

,   is a 
positive constant with arbitrary chosen. 

Because drive system (7) is a chaotic system, 
whose solution x1, x2 and x3 is bounded. From system 

(22) 
   1 1 0e t e

 and 
   2 2 0e t e

 is proven, 

therefore e1 and e2 is bounded,   is bounded. From 
theorem 3 we get error (17) is asymptotic stable, 
which means in the effect of linear feedback control 

1 2 1v e e  
, 2 2 3v e e  

, the response system 
(16) can asymptotically and synchronously drive 
Genesio chaotic system. 

 
 

5. Simulation 
 
4.1. This is a Subtitle Example 
 

In the process of simulation, 4-step Runge-Kutta 
integral method is used to solve differential equation. 

To Genesio chaotic system (8), the parameter is set  
a = 1.2, b = 2.92, c = 6. Initial value is set to 

        1 2 30 , 0 , 0 5, 5,1x x x  
. The parameter in the 

controller is set β= 23. Fig. 1 shows the state responses 
of the controlled Genesion system (8), where the state 
track of Genesion system (8) converge to the origin.  

 
 

 
 

Fig. 1. The state responses of controlled Genesio  
chaotic system. 

 
 

The initial state of drive system (8) is set to  
x1(0) = -1, x3(0) = -2, x1(0) = 1. The initial state of the 
response system (16) is set to y1(0) = 4, y2(0) = -4, 
y3(0) = 4. Fig. 2 to Fig. 4 is the effect of the chaotic 
synchronization in Genesio system. Fig. 5 is the effect 
of synchronic error response, in which system’s state 
track asymptotically synchronous with drive system’s 
state track. 

 

 
 

Fig. 2. Synchronization of Genesio chaotic  
system x1 and y1. 

 
 

 
 

Fig. 3. Synchronization of Genesio chaotic  
system x2 and y2. 



Sensors & Transducers, Vol. 19, Special Issue, February 2013, pp. 34-38 

 38 

 
 

Fig. 4. Synchronization of Genesio chaotic  
system x3 and y3. 

 
 

 
 

Fig. 5. Time response of the error system. 
 
 
6. Conclusions 

 
This article puts forward a new kind of stepping 

design method for one kind of half decoupling 
nonlinear system. And discuss how to apply this 
method to chaotic system. Based on nonlinear 
cascaded system’s stabilization theory and limited 
time stabilization theory, the controlling input can be 
designed step by step. After each step, in the following 
cascaded sub-system more system states can be 
changed to 0 terms. Therefore, the nonlinear terms in 

the coupling can be changed to 0, and the system is 
simpler. The step design method has been applied to 
chaotic system’s design. The simulation of Genesio 
chaotic system proves the effectiveness of this design 
method. 
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1. Introduction 
 

Power load forecasting is the basis for the planning 
and design of power system; it is also an assurance for 
the economy and reliability of power system 
operation. Short-term load forecasting is one of the 
typical load forecasting topics. An accurate short-term 
load forecasting is very useful for reducing cost and 
maintaining security and stability of power grid. 
During the last few years, many scholars have 
developed different kinds of load forecasting 
techniques to increase the forecasting accuracy, 
including the traditional time series method, trend 
extrapolation method and the modern artificial 
intelligence method, et al [1-3]. 

Analysis of these methods shows that the predicted 
results given by most of them are deterministic. But in 

practical applications, the power system is often 
influenced by certain degree of uncertainty, 
nonlinearity and randomness. The probabilistic 
method is proven to be more effective in dealing with 
these problems with random characteristics. The 
procedure of this method is summarized simply as 
follows. Firstly, by analyzing the distribution 
probability of historical forecasting error, and then 
obtaining the probabilistic forecasting results and the 
interval estimation of future load, power system 
decision-makers can better recognize the uncertainties 
that may exist in future load. It is helpful to make 
reasonable decisions in time during production 
planning and system security analysis. As is well 
known, weather is one of the major influential factors 
for load forecasting. The influence of different 
meteorological conditions is not the same for different 
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regions, which requires further analysis of the 
coupling effect caused by various meteorological 
conditions, as well as their influence on the power 
load. In this paper, human body amenity is adopted to 
describe the meteorological conditions.  

This study aims at probabilistic load forecasting 
with the consideration of human body amenity. 
Firstly, support vector machine (SVM) regression 
method is used to get deterministic load forecasting 
results, then probabilistic load forecasting at a certain 
confidence level is acquired through the historical 
error law analysis of the N-days with similar human 
body amenity.  

The rest of this paper is organized as follows: In 
section 2, the concept of human body amenity is 
introduced. In section 3 the point load forecasting 
considering weather factors is presented. Historical 
error characteristics analysis is carried out and the 
probabilistic forecasting corresponding to certain heat 
index interval is discussed in detail in section 4. 
Section 5 presents the case study, and further 
comparison and discussion are also conducted. 
Section 6 concludes the paper. 

 
 

2. Description of Human Body Amenity 
 
Weather is a key factor that affecting the load but 

the detailed relationships between them are not so 
easy to elucidate. The traditional methods use 
meteorological factors such as temperature, humidity 
and wind speed together with the historical load as the 
neural network input to predict the future load, which 
need to determine the membership degree of weather, 
humidity, temperature by fuzzy algorithm. In this 
study, human body amenity is used to express the 
comprehensive information. Human body amenity 
index is a biometeorology indicator that is often used 
to evaluate amenity under different climate conditions 
from the meteorological point of view. According to 
the heat exchange between human body and the 
atmospheric environment, meteorology is believed to 
be the major influential factor on human body amenity 

[4-5]. 
The correlation of major meteorological elements 

like temperature, relative humidity, wind power and 
daily load of a city in Central China is studied in 
current research. Summer load in this region is greatly 
affected by meteorological factors than industrial 
ones. Therefore, this study mainly focuses on the 
correlation between the summer load and the climate 
characteristics.  

Heat index proposed by Tom is used to express 
human body amenity in summer and it is adopted to 
indicate the relationship among human thermal degree 

and temperature, humidity [6]. It is expressed as 
follows: 
 

 0.55(1 )( 58)t d dE T R T    , (1) 
 
where tE  is the heat index, dT is the dry bulb 

temperature (° C), R is the relative humidity, and 
 

 
dT  (° F) = dT  (° C) × 9/5 +32, (2) 

 
For the data of load, daily maximum temperature, 

daily minimum temperature, daily average 
temperature, daily average humidity and wind speed 
of one Central China power grid from June 1st, 2011 to 
July 30th, 2011, directly comparing the load data and 
climate data is infeasible as they have different 
magnitude, therefore take their normalized value: 
 

 *
max/X X X , (3) 

 
where X represents historical data, Xmax represents 
historical maximum data. SPSS (statistical product 
and service solution) software is utilized to carry out 
the correlation analysis of daily load, the maximum 
temperature, minimum temperature, average 
temperature, average humidity, wind speed and heat 
index, as shown in Table 1 below. 

It can be seen from Table 1. that the correlation 
between the daily load and the heat index is maximal, 
indicating that the heat index can be used to 
effectively describe the influence of climate in 
summer of this region on the load. 

The size of the training network, the input unit and 
the output unit directly influence the speed and 
complexity of forecasting model. Adoption of human 
body amenity index to replace various meteorological 
indicators can reduce the complexity of input unit, 
effectively represent the impact of meteorology on 
load and speed up network training. 

 
 

3. Point Load Forecasting with the 
Considering of Meteorological Factors 

 
SVM model is used to realize load forecasting and 

to obtain deterministic forecasting results (points 
forecasting results). Compared to the empirical risk 
minimization based traditional neural network, SVM 
has better learning efficiency and learning promotion 
ability. Its learning outcomes are usually better than 
other regression forecasting methods [7-8]. Thus it is 
widely used in short-term load forecasting. 

 
 
 

Table 1. Correlation analysis of daily load and meteorological factors. 
 

Meteorological 
Factors 

Maximum 
Temperature 

Minimum 
Temperature 

Average 
Temperature 

Average 
Humidity 

Wind 
Speed 

Heat  
Index 

Correlation 0.817 0.630 0.827 0.344 0.273 0.834 
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Fig. 1. The Flowchart of SVM model for giving points forecasting results. 
 
 

The forecasting procedure is as follows. First, heat 
index is used to describe meteorological information 
and it is input into SVM model with the historic load, 
then the method in [9] is adopted to optimize the 
relevant parameters of SVM forecasting model, and 
further we can carry out forecasting. Finally, the point 
forecasting results of load are obtained. The procedure 
is also shown in Fig. 1. The region's load forecasting 
in summer is the focus of this paper, therefore the heat 
index is used here. 

 
 

4. Historical Error Characteristics 
Analysis and the Probabilistic Load 
Forecasting  
 

The distribution probability law of the load 
forecasting error is analyzed to further get the 
probabilistic load forecasting results, namely, the 
interval estimation of load forecasting results 
corresponding to certain confidence level should be 
obtained. It helps to better understand the variation of 
the future load, which is the basis for reasonable 
decision-making and risk analysis. The procedure of 
probabilistic forecasting is listed in the following 
subsection. 

 
 

4.1. Steps of Probabilistic Forecasting 
 

(1) Load forecasting is carried out and the 
deterministic results based on historical load and 
meteorology data are acquired.  

(2) The data of heat index are partitioned to some 
intervals, and the recent N days which having heat 
index in the same range are searched. Then 
corresponding history prediction error data are 
analyzed and error distribution law corresponding to 
certain heat index interval is obtained.  

(3) The interval forecasting results at a certain 
confidence level are obtained according to the error 
distribution law. Forecasting process is shown in  
Fig. 2. 

4.2. Error Characteristics Analysis 
 

Error of load forecasting ( )e t  is obtained by 

comparing the predictive value of the load ( )x t  and 

its corresponding actual value ( )x t : 

 
 ( ) ( ) ( )e t x t x t  , (4) 

 
where ( )e t  represents the deviation degree of 

forecasting value and actual value. Statistical analysis 
on load forecasting error can reveal its property, and 
this property is different for different regions and 
different time. 

Historical data with10 minutes intervals, namely 
daily data of 144 points is used as samples and a large 
number of load error samples can be obtained within 
N days. The daily 144 data is divided into 24 intervals, 
representing load characteristics during different 
periods. 

According to the Central Limit Theorem, if the 
population does not follow normal distribution, then 
after large volumes of sample data (usually greater 
than 50, even greater than 100) are used, it can be 
processed as normal distribution [10-11]. Because of 
the above collection methods, the available historical 
forecasting error samples are large enough to be 
processed as normal distribution. 

According to the principle “Everything looks 
small in the distance and big on the contrary”, the heat 
index is partitioned and the load forecasting error 
samples of N days having similar heat index recently 
(heat index is in the same interval) are analyzed, and 
then the corresponding variance for different periods 
are calculated. 
  

 


2
2

1

( ) ( ) /
n

i

x t x t n


    , (5) 
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Fig. 2. The process of probabilistic forecasting. 
 
 

The point forecasting result ( )x t is adopted as the 

mean value. The interval with the confidence level 
1  can be construct with the corresponding 

variance 2 as follow： 
 

  
/ 2 / 2( ) / , ( ) /x t z n x t z n      , (6) 

 

where / 2z is the sub-median value and n is the 

number of samples. 
 
 

5. Case Study 
 
The historical load data and meteorology data are 

taken from a power grid in Central China from June 1st 
to June 30th, 2011. More detailed, the sample load data 
from those 10 minutes intervals, namely 144 points 
per day (including the training and testing samples). 
24 hours loads on June 30 are forecasted and finally 
get the results of interval estimation. 

On June 30, the heat index is 71.55, belonging to 
the interval [69, 72], the number of days within the 
scope of this heat index interval recently is N = 10 (the 
specific dates and the corresponding heat index are 
shown in Table 2.). The number of samples in each 
time period is 144/2410=60, which meets the 
requirements of Central Limit Theorem. 

According to equation (5), the curve of variance of 
every period (24 hours) corresponding to the heat 
index interval (69-72) is shown in Fig. 3, and it 
reflects the error characteristics of different period. 

 
 

 
 

Fig. 3. Variance curve with time. 
 
 

Interval forecasting results with different 
confidence levels can be acquired according to 
equation (6). The results with confidence level of  
95 %, 90 %, 85 % and 80 % are shown in Fig. 4. (a), 
(b), (c), (d), respectively. In Fig. 4, each of the lines 
represents forecasting interval, and the points on the 
line are the actual values of load. 
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Table 2. The similar heat index and its date. 
 

Date 
June 
1st 

June 
7th 

June 
12th 

June 
16th 

June 
19th 

June 
21st 

June 
25th

June 
26th 

June 
27th 

June 
29th

Heat Index 69.90 69.10 69.91 69.91 69.91 71.56 69.09 70.71 71.53 71.56 

 
 

 
 

(a) 
 

 
 

(b) 
 

 
 

(c) 
 

 
 

(d) 
 

Fig. 4. The result of probabilistic forecasting. 

It can be seen from probabilistic forecasting results in 
Fig. 4, that under different confidence level, the 
interval sizes of the load forecasting results are 
different. If the confidence level is high, then the 
forecasting interval is large and the actual values are 
generally remain in the range. If the confidence level 
declines, then the forecasting interval becomes 
smaller and the possibility that the actual value falling 
out of the range gets larger. In practical applications, 
the appropriate confidence level should be selected as 
needed. The forecasting interval can include all the 
actual values if it is too large, which does not make 
any sense. On the other hand, too many values will fall 
out of the interval if it is too small. For example, as 
shown in Fig. 4 (d), the actual values of load in many 
periods fall out of the range, such as the actual value of 
period 3, 4, 10. It means the interval is too small. 
Inversely, it can be seen that the interval in Fig. 4 (a) is 
too large. The interval forecasting result with 85 % 
confidence level is found to be the most appropriate. 
 
 
6. Conclusions 
 

Regional human body amenity is utilized for load 
forecasting, in more detail, the probabilistic 
forecasting on short-term load. The deterministic 
forecasting results are given by the SVM model 
optimized by particle swarm optimization, then 
sub-period error characteristics corresponding to 
certain heat index interval are analyzed, and finally 
probabilistic forecasting results under certain 
confidence level are obtained. This probabilistic 
forecasting method is easy to realize and also it can 
provide more information than the deterministic 
forecasting results. So it is suitable of data supporting 
for risk analysis of power systems, which is helpful for 
decision-makers to make reasonable decisions. 
 
 
Acknowledgements 
 
This work is supported by the Fundamental Research 
Funds for the Central Universities (2012-IV-102). We 
thank Engineer Ying Liu for enlightening discussions 
 
 
References 
 
[1]. M. Hanmandulu, B. Kumar Chauhan. Load 

forecasting using hybrid models, IEEE Transactions 
on Power Systems, Vol. 26, Issue 1, 2011, pp. 21-29. 

[2]. C. Q. Kang, Q. Xia, M. Liu, Power system load 
forecasting, Beijing: Chinese Power Press, 2007. 



Sensors & Transducers, Vol. 19, Special Issue, February 2013, pp. 39-44 

 44 

[3]. Z. J. Wang, L. Li, D. X. Niu, et al., An annual load 
forecasting model based on support vector regression 
with differential evolution algorithm, Applied Energy, 
Issue 94, 2012, pp. 65-70. 

[4]. D. Wu, Discussion on various formulas of forecasting 
human comfort index, Meteorological Science and 
Technology, Vol. 31, Issue 6, 2003, pp. 370-372. 

[5]. H. C. Qin, W. Wang, H. Zhou, et al., Short-term 
electric load forecast using human body amenity 
indicator, Proceedings of the CSU-EPSA, Vol. 18, 
Issue 2, 2006, pp. 63-66. 

[6]. Y. Mao, S. Tang, B. Zhang, New Extended Short-term 
load forecasting method consideration of human body 
amenity, Proceedings of the CSU-EPSA, Vol. 23, 
Issue 3, 2011, pp. 106-109. 

[7]. V. N. Vapnik, The nature of statistical learning theory, 
Springer, New York, 1995. 

[8]. D. X. Niu, Y. L. Wang, Optimization of support vector 
machine power load forecasting model based on data 

mining and Lyapunov exponents, Journal of Central 
South University of Technology, Vol. 17, Issue 2, 2010, 
pp. 406-412. 

[9]. N. Lu, J. Z. Zhou, Y. Y. He, et al, Simulated annealing 
theory based particle swarm optimization for support 
vector machine model in Short-Term Load 
Forecasting, in Proceedings of the International 
Conference on Information Engineering and 
Computer Science, Wuhan, China, 2009,  
pp. 2523-2526. 

[10]. R. C Fang, J. Z. Zhou, Y. C. Zhang, L. Liu, Short-term 
probabilistic load forecasting using chaotic time series, 
Huazhong University of Science and Technology 
Journal, Vol. 37, Issue 5, 2009, pp. 125-128. 

[11]. K. Chen, Applied probabilistic statistics, Beijing: 
Tsinghua University Press, 2000. 

 

___________________ 
 
2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://www.sensorsportal.com/HTML/BOOKSTORE/Handbook_of_Measurements.htm


Sensors & Transducers, Vol. 19, Special Issue, February 2013, pp. 45-50 

 45

   
SSSeeennnsssooorrrsss   &&&   TTTrrraaannnsssddduuuccceeerrrsss  

ISSN 1726-5479
© 2013 by IFSA

http://www.sensorsportal.com   
 
 
 
 
 
 

Analysis on Rural Land Circulation Subject Interests  
 

1 Shi Dong-Mei, 1* Xu Yue-Ming, 2 Wang Jian, Tong Lei 
1 Collage of Business, Agricultural University of Hebei, Baoding 071001, China 

2 Collage of Administration, Agricultural University of Hebei, Baoding 071001, China 
E-mail: shidongmeide@126.com 

 
 

Received: 4 December 2012   /Accepted: 15 January 2013   /Published: 19 February 2013 
 
 
Abstract: There are some purpose of this paper, the one is to improve the rural land circulation market, and 
promote the reasonable transfer of the land norms, the second is reduce bad influence of economic and social 
stability development because infringement behavior of government departments, the third is to reduce some bad 
influence because of asymmetric information of rural land transfer such as circulation spontaneous, blindness, 
arbitrariness and so on. Methods of this paper used is based on the asymmetric information game theory, analyses 
the land circulation subject interest gaming relation, find out the process of farmland circulation of benefit 
equilibrium. The result is established rural land circulation interests game model. It is concluded that proposes the 
measures of strengthen the support and establishment of incentives for land transfer and promote the development 
of intermediary organizations. Copyright © 2013 IFSA. 
 
Keywords: Transfer of agricultural land, Subjects of circulation, transfer Income, Interests of the game. 
 

 
 
1. Introduction 
 

Land is not only the basic elements of agricultural 
production, but also the basic guarantee for farmer 
survival, as a result of farmland comparative income is 
too low, agricultural production and income are 
difficult to satisfy farmers growing material and 
cultural needs. Large amount of the agricultural labor 
force shift to town engaged in non-agricultural 
industries, rural land circulation phenomenon 
increases increasingly. By the first half of 2011, the 
right to the contracted management of land circulation 
area of 207 million mu, has accounted for 16.2 % [1] 
of the total cultivated land contracting. The scale of 
the farmland circulation in land to realize scale 
management, but also in the circulation between 
subject produced many disputes and contradictions, 

the rural harmonious, food safety, as well as the 
influence produced.  

Scholars have the right to the contracted 
management of land circulation research most focus 
on illegal land use, the farmers' interests are violated 
[3], and in the process of land expropriation 
rent-seeking and supervision angle, think that the 
property rights are not clear farmland circulation is the 
main reason for the dispute [4]. But for the subject of 
farmland circulation flow information and circulation 
of the interest relationship research less.  

In this paper, according to the different mode of 
farmland circulation, this paper analyzes the subject of 
farmland circulation benefit gambling relationship, 
and find out the interests balance, reasonable and 
efficient for the farmland circulation proposed 
solutions. 
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2. The Connotation of Rural Land 
Circulation 

 
Our country rural land circulation is based on 

farmland family contracted management system. 
Complete farmland property rights should include the 
land ownership, use, usufruct, disposition and by these 
rights segmentation and combination of the bundle of 
rights [5], but in China the right to the contracted 
management of rural land is to point to the land use 
right, that is, in a certain period utilize, seek profits 
from and dispose of the limited rights. Our country on 
March 1, 2005 the "rural land contracting right of 
management circulation way" regulation land 
circulation must adhere to farmers on the principle of 
voluntary participation, the circulation way as the land 
swap, lease, become a shareholder, subcontract, 
cooperation, etc., and through the land administration 
departments for the record, sign contract circulation. 
"Method" provisions of the right to the contracted 
management of rural land circulation of the contracted 
land may not be altered the agricultural use [6], flow 
period shall not be more than the remnant term of the 
original contract, and shall not harm interests and the 
rural collective economic organization's legitimate 
rights and interests. The result of the rural land 
circulation is refers to the rural family contract land 
through the legal form, the right to transfer to other 
farmers or other economic organization behavior. 
 
 
3. Game Model Establishment and 

Benefit Equilibrium Analysis 
 
3.1. The Hypothesis Conditions of Game 

Model Establishment 
 

In the land circulation process, participants mainly 
include the following four aspects, such as land 
transferor, transferee land, intermediary organizations 
and government. So we made the article’s research 
hypothesis as follows. In the first, land transferor and 
transferee are rational economic man; each participant 
will conduct the analysis of costs and benefits. The 
second is which land transferor, the transferee, 
intermediary organizations and governments are able 
to constitute a separate entity, and the internal 
contradictions have been cleared. [7] The third is each 
participant is non-cooperation, participation main 
body don't know each other's strategy in advance; the 
game process information is incomplete, that player 
can't fully grasp each other's characteristics, strategies 
and utility function situation; the game is a dynamic, 
the actors can know he strategy after the first choice of 
t actors. 
 
 
3.2. Game Model Parameter Settings 
 

This study set participants number of model is i 
(i=1,2,3,4), vi is assessment price of will circulate 

private land, only I participant knows his vi, and 
mutual independence, vi is stochastic variable, 

 vv   ,vi  , v、v  respectively show the lowest and 
highest value of the circulate land. The distribution 
function F (v) is the common knowledge. The type of 
the operating costs of the circulate land is θi, θiHi. 
The probability of government to intervene 
agricultural land transfer is P(θi), P(θi)[0, 1], and not 
practiced intervention probability is 1-P(θi). Let 
probability of land inflow have high income or low 
cost is μ, and have high-cost is 1-μ. The payoff 
function is Ri, utility function is E (Ri). 

Hi is strategic space of each participant. The 
strategy space of land transferor is H1= {transfer out 
land, not Transfer out land}. The land transferee 
strategy collection is H2={transferred into land, not 
transferred into land}. Strategy space of intermediary 
organizations is H3={set up, not set up}. Strategy 
space of government is H4={intervene land transfer, 
not to intervene land transfer}. 

The article made the game order as follows. It 
supposed there are two periods, and the government is 
natural person in the process of farmland circulation 
(supposed t). In the t=1 period, The inflow side of the 
agricultural land made signal of contract land, first 
action by the government and decide whether 
intervene agricultural land transfer, transferee and 
transferor according to government action to 
determine the probability of government intervention 
and determines whether circulate land. In the period of 
t=2, according to the act of land inflow part, the land 
outflow side judgment land transfer costs, intentions 
and land use after turnover. And then according to 
their revenue function determine whether to flow, in 
order to achieve the expected utility maximization. 
 
 
3.3. Cost and Benefit Analysis of Game 

Participants 
 
3.3.1. Cost and Benefit Analysis of Land 

Transferor 
 

In the process of land transfer, farmers who want 
to turn out land owned land contract and management 
rights are land contracting. His total revenue of turn 
out land includes expected return of farmland rent and 
expected yearly return of labor force transfer. 
Supposed that discount rate is r, land usage time to 
turn out is i, i=1…n, so the total revenue of turn out 
land is: 
 

 







n

1
1 11i

Pi
LZ C

r

YY
Y

, 
(1) 

 
where Y1 is the benefit of land outflow, Y0 is the rental 
of land outflow, YL is the expected revenue of transfer 
the labor force, Cp1 is the compensation of land inflow 
give to land outflow, r is the discount rate, I is the limit 
age of land-use right, i= 1…n, YZ=P1Q1, P is the price 
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of Land circulation, Q is the area, YL=wt, w is the 
work wage, t is work time. 

Suppose that C1 is circulation cost of land turn out, 
it include transaction expenses of negotiate about 
farmer and business income of cultivate faming land. 
So the cost C1 is: 
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(2) 

 
Throw land circulation, net income (R1) of land 

outflow side is: 
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(3) 
 

Assume that the probability of land roll out is μ, 
the expected return E(R1) of land roll out side is: 

 
1P11 Y)u-1()R(u)R(E   (4) 

 
 
3.3.2. Cost and Benefit Analysis of Land 

Transferee 
 

The benefit of land transferee is appropriate scale 
of operation land benefit, its value decided by the size 
of the agricultural production and price. The price of 
agricultural products is v, its value decided by market. 
The agricultural yield valued by C-D production 
function f(L, N, K, T), L is land, N is labor force, K is 
capital, T is technology, the business income Y2 of 
after land circulation is: 
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(5) 

 
The cost of land transferee include four part, on the 

one hand is production costs in the land management 
process, such as labor cost, pesticides and fertilizers 
cost C (N, K, T). The second is land lease costs which 
paid to farmers, this cost is YZ , it is also named rent of 
land circulation. The third is Ad, it is cost of 
agricultural natural product and market operator’s 
risk, which must undertake for agricultural 
production. Fourth, the transaction costs of 
agricultural land takes is Cj, then transferred cost C2 is: 
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Through land circulation, net income (R2) of 

demand side of agriculture is: 
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(7) 

 

If probability of agricultural land transfer is u, the 
expected return E (R2) of land inflow is: 
 

0)-1(RuE( 22  uR ）  (8) 

 
 
3.4. Game Analysis of Agricultural Land 

Transfer 
 
3.4.1. The Simple Transfer between Farmers 
 

In the asymmetric information dynamic game 

process of land transfer, when 0)|(  iiiP   it 
means the farmers expected priori probability of 
government regulatory is zero. In this case, the land 
transfer behavior just flows into and out of the land 
transfer.  

According to the land transfer revenue analysis, 
transferor occupied land revenue is Yp1, the benefit of 
outflow land is R1; the benefit of use land by land 
inflow is R2, the transferee paid compensation to 
transferor is CP1, the cost of negotiate to inflow side is 
CP2, specific interest analysis Table 1. 
 
 

Table 1. The main body interest game matrix  
of transfer in and transfer out. 

 
Inflow side 

 Outflow 
Not 
outflow 

Lessee R2, R1 - CP2, Y2 
Inflow side 

Not lessee - CP2, YP1 - CP2, YP1 
 
 

In the game of land circulation between farmer to 
famer, outflow party usually have a non-agricultural 
business income, land private income generally not as 
the mainstay of families' income, the payoff function 
for labor transfer wages (w) function, utility is U (w), 
the maximum utility argmax U (w) is a wage function, 
whether the land circulation, the circulation price 
value decided by cost size of land inflow side, also is 
the size of the benefits. In the traditional agricultural 
management, the farmer's land income (Yp1) is very 
low, whether or not the land circulation, need 
considering whether to roll out income R1 > Yp1 
namely R1 - Yp1 > 0, when farmer believe they will 
achieve higher yield of land roll out, the land would 
turn out. In economically developed areas, 
agricultural income not as the mainstay of families' 
income, farmers will land roll out can obtain rental 
income and reduce the investment of labor force and 
land management costs, they can use all the energy in 
other industries, this part of the farmers willing to roll 
out the land. Obviously, in the game matrix, no matter 
what the outflow party strategy, leased is always flows 
into the side of the optimal strategy, their earnings for 
R2. Therefore, the game equilibrium solution is 
(leased, roll out). 
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3.4.2. The Land Circulation Game Analysis of 
Government Participate 

 
Land circulation is generally divided into two 

cases by government intervention. The first one is 
collective cultivate which is not change the land use. 
Another case is change of land use which use land for 
construction. In this condition, the farmers expected 
priori probability of government regulation greater 

than zero, it is 0)|( iiiP   . 
 
 
3.4.2.1. Land Collective Cultivate which is not 

Change the Land use 
 

For the land outflow party, set farmers income of 
roll-out side is Yp1, transferred out revenue is R1. For 
the land inflow party, the negotiating cost of transferee 
is CS2, circulation revenue is R2, and government 
intervention game matrix is Table 2: 
 
 

Table 2. The interest game matrix  
of not change land use. 

 
Outflow party 

High cost Low cost 
 

Circu- 
lation 

Not 
circu- 
lation 

Circu-
lation 

Not 
circu-
lation 

Circu- 
lation 

R2, R1 
- CS2, 
YP1 

R2, R1 
- CS2, 
YP1 Inflow 

party Not 
circu- 
lation 

- CS2, 
YP1 

- CS2, 
YP1 

- CS2, 
YP1 

- CS2, 
YP1 

 
 

In the condition of collective transfer, there are 
multiple outflow transferor negotiate with the 
government or land inflow side, this transferor 
situation is more complicated, there are considerable 
part of the farmers made land revenue as their major 
family revenue, [8] the land have basic social security 
function, so the land inflow side need pay much higher 
cost for land transfer. The outflow side needs to 
determine probability value of the inflow side of land 
operating costs, and then determine the use of after 
land transfer, land transfer risk increased. 

As inflow side, if used transfer land for 
low-income agricultural crop, the operate income of 
after transfer land is lower to insufficient compensate 
for land transfer cost, such as negotiable price, the 
government's rent-seeking costs, and so on. This 
condition can not making the circulation be 
completed. So, the transferee usually high-yield 
business, [9] which would take place land use change 
and land non-agricultural. In the process of the 
transfer of information asymmetry and other reasons, 
farmers cannot master the inflow side business 
information, which often occur reverse selection and 
moral hazard problems, resulting in land transfer 
disputes. This situation direct threat to national food 

security, and shall not change the requirements of the 
land use contrary to the land transfer.  
 
 
3.4.2.2. The Circulation of Changed 

Agriculture Land use 
 
When it comes to change land agricultural use, 

usually it is government action. According to china's 
relevant laws and regulations, the farmers collective 
land property right cannot be traded, [10] can legally 
be lease within a certain period of time or assignment 
of the right to use. So, in process of land circulation, 
the government have important role.  

The government is that policy makers and 
implementers, therefore, the government conduct is 
tripartite external conditions to game. Set the national 
land acquisition compensation of the transferor is 
CG1, the land transferee required to pay the cost of 
leased from the state is CG2, the cost of transferee 
want to get land negotiations to government is CG3, 
taking into account the use of national expropriation 
land, and then transfer to the transferee, the game 
matrix is shown in Table 3: 

 
 

Table 3. The interest game matrix changed land use. 
 

Outflow side 

 
Sponta- 
neous 

outflow 

Collective 
outflow 

Not 
circu-
lation 

Directly 
leased 

R2, R1 
R2, CG1+ 
R3 

- CP2, 
Y2 

Collective 
leased 

R2-CG1- 
CG3, R1 

R2-CG1- 
CG3, CG1+ 
R3 

- CG3, 
Y2 

Inflow 
side 

Not leased 0, Y2 0, Y2 0, Y2 
 
 
Because the government can achieve certain financial 
income through the land transfer access, the article 
assumes that in the circumstances the government 
requisition of land by the state, transferor and 
transferee game model can be divided into two modes; 
it is national requisition and spontaneous circulation. 
 
 

Table4. The interest game matrix of change land use. 
 

Outflow side 

 
Spontane- 
ous outflow 

Collective 
outflow 

Directly 
leased 

R2, R1 R2, CG1+ R3 

 
Inflow 
side  

Collective 
leased 

R2-CG1- 
CG3, R1 

R2-CG1- CG3, 
CG1+ R3 

 
 

Through the above game matrix, it can be found 
that the transferor and the transferee is choice 
spontaneous roll out or through the national land 
expropriation, depends on both sides of the income 
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situation. When the governments pay more 
compensate than the transferee, roll out party will 
choose to let the state expropriated land, and when the 
transferee find directly lease land can achieve more 
income than from the government requisition land, 
they may choose to direct leased. At this time, they 
also need to consider the governments take restrictions 
for spontaneous land circulation, [11] how much 
strength factors. When the government exercises its 
land monopoly power, and prohibited from 
spontaneous circulation, they may exercise certain 
power of land spontaneous circulation, when R2 - F < 
R2 - CG1 - CG3, and the transferee needs to inflow land, 
due to the cost income consideration, it had to choose 
through the country to obtain the land use right. The 
balanced result of game is (the state expropriated, the 
state expropriated). 
 
 
3.4.3. The Land Circulation Game Analysis of 

Intermediary Organization Participate 
 

Farmland circulation service center usually have 
the government management, the center of 
information are through the government review, 
information more reliable, reduce the circulation of 
the participant's information cost. On the one hand, 
they can look up some information through 
intermediary organization such as farmland use, the 
mode of operation, content, and other information, 
and then determine whether to precede land 
circulation, reduce the cost of negotiations and 
collection information, etc. On the other hand, the 
transferee not only can understand the transferor's land 
situation, but also can judge whether the willing to 
transfer land concentration and laminated plate, 
reduce the cost of negotiations use of a large amount 
of manpower and material resources. Through the 
land circulation intermediary organizations, reduce 
the cost of access to information and negotiation, 
increases the circulation of both sides of the utility, 
and at the same time, intermediary also won the 
service income. The equilibrium of the game is 
(establish intermediary organization, contract land, 
contract land). 
 
 
4. Analysis of Game Model Equilibrium 

Result  
 
4.1. To Promote the Development of 

Intermediary Organizations 
 

Rural land circulation market is not perfect; flow 
information asymmetry is the major problems in the 
current land circulation. To improve the circulation of 
rural land market and promote rural land circulation 
reasonable defaults and reduce the occurrence of the 
dispute, and set up trading places, regularly issue land 
market information, can increase the land trading 
transparency, reduce transaction cost, make land 

market trading rules, is clear about the transaction 
procedures, regulate trade behavior, coordinate the 
allocation of land resources relations; Set up including 
consulting, agency, arbitration, land price assessment 
institutions and their related system, for the 
determination of farmland conversion price provide 
reasonable basis. Relying on the rural grass-roots 
management department to establish circulation 
service organization, for flow provide relevant legal 
policy propaganda, circulation of information, flow 
consulting, price assessment, contract signing 
guidance, [12] the interest relationship coordination, 
dispute mediation and other services, and gradually 
establish and improve circulation service platform and 
network, and constantly improve the circulation 
mechanism. 

 
 

4.2. Strengthen the Support and 
Establishment of Incentives for Land 
Transfer 

 
Every year financial budget should arrange certain 

land transfer special funds for support of rural land 
cultivation which is legal, orderly and have certain 
size. The special funds also encourage and guide the 
rural land contract management rights. All of this is 
not only to focus on contiguous flow and promote an 
appropriate scale of land but also to increase the 
farmers' income. For example, if the land transfer has 
stable relationship and transfer time limit over 5 years 
and newly single cases of land transfer area exceed 
66.67 hmz more (land area 20 hm stock cooperative 
shares or more) they will share the policy, according 
to a certain standard, township government and 
administrative villages will give him one-time award. 
For the use of high-scale cultivation of the land 
transfer of farming communities and farming 
cooperatives, each should be given to certain 
incentives; of leading agricultural enterprises to set up 
production base, seeds and seedlings of agricultural 
demonstration zones and base led farmers to benefit 
significantly in size business reaches a certain level, 
should be given some reward; positive resource for 
farmers to transfer land, and the transfer of land to the 
appropriate scale, to give some incentives and 
subsidies. 
 
 
5. Conclusions 

 
This paper analysis of farmland circulation 

interests of the main body and established game model 
of the land circulation between different subjects and 
illustrates the different main bodies who participate in 
the game relation. Puts forward some suggestions on 
land transfer, such as to promote the development of 
intermediary organizations and strengthen the support 
and establishment of incentives for land transfer and 
so on. But in rural country, the farmer’s information 
media is limited, they needs all kinds of help, such as 
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establish the land bank, increase financial support and 
so on. In order to reduce the information asymmetry of 
agriculture land transfer cost and moral risk disputes, 
make the rural land contracted management right is 
really play an important role. 
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Abstract: PSoC3 is adopted as the controller core of the design, and resistance strain type pressure sensor is the 
weighing transducer. Use by the built-in analog and digital resources and a small external function module of 
PSoC3, designed a new type of electronic scale with touch induction buttons and slider as the main operation 
interface. After the whole debugging and actual testing, realized the calibration, speech broadcast, zeros, peeling, 
PC processing, currency conversion, calendar, temperature and humidity detection and other capabilities. With 
many characteristics, such as good stability, high accuracy, the function is all ready, show intuitional and simple 
operation, etc. Can be used for the occasion which needs some high precision weighing, such as civil and 
industrial. Copyright © 2013 IFSA. 
 
Keywords: Electronic scale, PSoC3, High precision, Multi-functional, Touch induction. 
 
 
 
1. Introduction 
 

Along with the electronic technology and 
automation measurement technology of development, 
in China, the traditional weighing system in the 
aspects of accuracy ratio of function has been difficult 
to satisfy people's needs, especially in intelligent 
portable tiny the measurement of quality, etc; And the 
developed countries in the electronic weighing, no 
matter from the technical level variety and size and so 
on to a higher level, especially in accuracy long-term 
stability and reliability have great advantage in recent 
years, with the development of integrated circuit 
technology and new chip system appear, for 

development of high quality weighing system 
provides favorable conditions, especially the 
programmable chip system PSoC3 the advent  
of [1-3] . 

Review at home and abroad, electronic said was in 
high precision multi-functional intelligent high 
stability and simple operation in the direction of the 
high speed development of the design according to the 
development of science and technology and the 
demand of the market, in recent years the development 
direction of the electronic scale as the goal, make full 
use of the PSoC3 chip analog to digital resources, 
USES the ratio type method of measurement section 
translation calibration/calculation weighing value 
method and the improved traditional weighing value 
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shows that processing method, design a kind of 
maximum range is 25 kg, minimum quantity of feeling 
for 1 g, precision for 1/25000 of the high precision 
multi-functional electronic says. 

 
 

2. System Structure and Principle 
 

Electronic scale is equipped with electronic 
weighing device of weighing apparatus, mainly by the 
weighing sensor bearing device (commonly known as 
scale frame) weighing instrument 3 parts [4], its 

working principle is to function in the bearing device 
on the quality or force size, through the weighing 
sensor into the electrical signal proportional to, and to 
analog or digital quantity in the form of weighing 
instrument display. 

The system is composed of power module 
resistance strain type pressure sensor Nokia5110 
liquid crystal display module DHT11 temperature and 
humidity acquisition module WT588D voice module 
and PSoC3 control module system block diagram as 
shown in Fig. 1. 

 
 

 
 

Fig. 1. System structure. 
 

 
 
The working principle of the system are as 

follows: resistance strain type pressure sensor 
acquisition for pressure change and the resulting 
voltage signal, through the PSoC3 built-in A/D 
converter will analog signal is converted to A digital 
signal, the digital signal via DMA into low pass filter, 
processed digital signal then through DMA into kernel 
processing, the kernel do corresponding treatment, get 
the current the weight of the body data, and through 
the LCD display, in addition, PSoC3 kernel also is 
responsible for Capsence UART RTC EEPROM 
SLEEP components such as [5-6] and DHT11 
temperature and humidity sensor and WT588D voice 
module processing. 

 
 

3. The System Hardware Design 
 
3.1. Resistance Strain Type Pressure Sensor 
 

Resistance strain type pressure sensor is mainly 
composed of elastomer resistance strain gauge cables, 
etc, the internal circuit using huygens bridge, when 
elastic deformation under load, the resistance strain 
gauge is tensile or compressive strain slice 
deformation, its value will change (increase or 
decrease), so that the bridge is out of balance, produce 
the corresponding differential signal, for the next 
circuit measurement and processing of the system the 
resistance strain type pressure sensor principle 
diagram and connection diagram are shown in Fig. 2 
and 3 respectively. 

 
 

Fig. 2. Resistance strain gauge pressure sensor schematic. 
 
 

 
 

Fig. 3. Resistance strain gauge pressure sensor connection. 
 
 

3.2. PSoC3 Internal Resource Allocation 
 
The PSoC3 CY8C38 series chip has many device 

integration, such already to avoid the complex 
connection, and reduce the use of peripheral 
equipments and reduce the design cost, improve the 
reliability and accuracy [5] - [6]. This system PSoC3 
specify the internal resources include a 18 of the Delta 
Sigma ADC two DMA a low pass filter, 10 touch 
induction key, 1 group touch induction slider a 
EEPROM component a real-time clock RTC 
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component one UART serial communication module 
1 SLEEP component 1 Nokia5110 LCD liquid crystal 
display modules and several corresponding external 
module communication pin, and the specific 
configuration shown as shown in Fig. 4. 

 
 

3.3. Touch the Keyboard and Strip Design 
 

PSoC3 touch induction adopted a Delta - Sigma 
modulator (CSD) capacitive sensing method [7] 
PSoC3 use the touch of induction make a design 
personnel in a short span of a few minutes can achieve 
touch induction keys and strip function this design by 
10 capacitance type touch key constitute a touch the 
keyboard and five capacitance type touch key 
constitute a touch induction slider, use 10 resolution 
24 MHZ acquisition rate single channel high speed 
scan Capsense mode this design touch induction 
keyboard principle diagram as shown in Fig. 5. 

4. System Optimization Design 
 
4.1. System Measuring Method 
 

In order to achieve the best performance, the 
design USES the ratio type measuring method (bridge 
DC excitation source and PSoC3 built-in ADC 
reference voltage source to use the same reference 
source) ratio type measuring method of the output 
voltage with both of the bridge excitation voltage 
proportional and ADC reference voltage source in 
proportion, so even if the actual bridge excitation 
voltage change also won't affect the measurement 
accuracy this ratio type measuring eliminates the 
excitation source of temperature drift and extremely 
low frequency noise on the influence of output 
accuracy for filtering ADC input from weighing 
sensor noise, this design in weighing sensor power 
supply end with a decoupling filtering capacity. 

 
 

 
 

Fig. 4. PSoC3 internal resource allocation. 
 
 

 
 

Fig. 5. Touch-sensitive keyboard schematic. 
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4.2. Nonlinear Compensation Method 
 
Due to the impact of the factors such as 

temperature and the ADC linearity is not ideal, make 
weighing linearity change so this design using 
piecewise linear interpolation method, using 
piecewise calibration weighing value and piecewise 
calculation weighing value, its greatly reduced 
weighing value of relative error [2, 8]. 

In addition, the system also used two calibration 
methods: piecewise linear calibration and zero 
calibration piecewise linear calibration use calibration 
equipment such as weight on the corresponding 
calibration value of linear block calibration, draw 
calibration matrix, and finally figure out each linear 
segment of calibration slope, in order to calculating 
weighing value; Zero calibration is opposition zero 
drift, to correction system zero. 

 
 

4.3. Weighing Value Display Method 
 
Although the use PSoC3 built-in low pass filter has 

achieved the good filtering effect, but weighing value 
display or is not so stable, so this system combines the 
traditional electronic scale processing methods, the 
use of the measured value transformation weighing 
value, and then take a certain amount of data mean 
value, set a number of average, when the frequency 
arrived, for these mean to average, get a relatively 
stable weighing value as the actual display of 
weighing value if weighing value did not change, 
would say no change; If weighing value change but 
not exceed 1/2 a minimum amount of sense, still think 
weighing value did not change; If beyond, should 
carry out a series of comparison to determine whether 
or not a new weight to join [2, 8, 9] the actual test 
shows this method can effectively solve the weighing 
value shows that unstable problem says (see Fig. 6). 

 
 

5. System Software Design 
 
System programming design is in the cypress 

semiconductor company PSoC Creator integrated 
development environment of PSoC Creator integrated 
development environment for each module the 
application to provide a lot of API and interrupt 
service routine ISR, when writing application just call 
the function, can realize the function of the module. 
 
 
5.1. The Main Menu Programming 

 
This system work is divided into initial interface 

mode measurement model calibration mode setting 
mode and other mode, according to different key value 
into different patterns, the realization of different 
function this system main program flow chart shown 
as shown in Fig. 7. 
 

 
 

Fig. 6. Weighing value of show flow chart. 
 
 

 
 

Fig. 7. Main program flow chart. 
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5.2. Weighing Measuring Program Design 
 

Weighing measuring menu is mainly complete 
weighing measuring and display voice broadcast unit 
price change and set value, and other functions, and 
the main menu programming ideas similar, its flow 
chart shown as shown in Fig. 8. 

 
 

5.3. PC Program Design 
 

Epistatic machine programming by VC write 
complete, the use of parameters for the baud rate for 
9600 black and white even parity bit 8 bits of data a 
one stop bits serial interface for communication, is 
based on the dialog MFC AppWizard applications, 

realize the PC and PSoC3 weighing measuring 
communication between [10] epistatic machine 
interface as shown in Fig. 9. 
 
 
 6. System Test and Analysis 

 
This system USES a set of standard weight (type:  

1 g 2 g 2 g 5 g 10 g 10 g 20 g 50 g 100 g 100 g 200 g 
500 g) after calibration and test, test results as is 
shown in Table 1. 

Through the above, it is known that this system test 
results are reasonable, error basic for 1 g, this system 
accuracy is higher, comply with the design 
requirements. 

 
 

  
 

Fig. 8. Weighing the program flow chart. 
 

 

 
 

Fig. 9. Electronic PC interface. 
 

Table 1. Test results. 
 

Test 
weight/g 

Test 1 Test 2 Test 3 

1 1 1 1 
2 2 2 2 
5 5 5 5 

10 10 10 10 
20 20 19 20 
50 50 49 50 
100 100 99 99 
200 199 199 200 
500 499 499 499 

1000 999 999 1000 
 
 
 

7. Conclusions 
 
This paper introduces PSoC3 based on the high 

precision multi-functional electronic says design, 
make full use of the internal resources PSoC3 
adoption of good system optimization design method 
and use efficient program design, realized the high 
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precision measurement of electronic balance functions 
through the physical test, the design has reached the 
expected related technical indicator; Compared with 
the traditional electronic says system, this design 
further highlights the peripheral hardware circuit 
simple high accuracy complete function convenient 
operation short development cycle and stable 
performance, etc, and have higher practical value and 
broad application prospect in the market. 
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Abstract: Battery management system is one of the key technologies strengthening practical utilization and 
industrialization of electric vehicles. As an integral part of the battery management system, equalization system 
played an important role in development of electric vehicles. Based on the analysis of the key technologies of 
electric vehicle and the development trend of battery management system, a systematic method for bi-directional 
equalization of lithium ion battery pack is presented in this paper. The basic principle utilizes a Flyback Converter 
with a multiwinding transformer. Equalization with voltage is employed to balance the cell voltage of battery 
pack. In order to ensure the accuracy requirements of the cell voltage, a voltage measurement scheme based on 
analog multiplexers using photoelectric relay was adopted in this unit to detect the voltage of battery one by one. 
Experimental results show that the proposed battery equalization scheme can not only enhance the uniformity of 
power battery pack, but also improve the life of the battery as a whole. Copyright © 2013 IFSA. 
 
Keywords: Battery management system, Equalization, PWM switch, Power battery pack, Charge and discharge. 
 

 
 
1. Introduction 
 

The battery pack is the core of the energy system of 
electric vehicles, but the safety, cost and cruising 
mileage of power battery pack have been the main 
factors of the application of electric vehicle. The 
inconsistency of single cell will reduce the efficiency 
of the battery pack, and affect the performance of the 
EV [1]. In order to ensure the good performance of 
power battery pack and extend the usage time of the 
battery pack, effective control and management of the 
battery pack is a must, and the battery management 
system is particularly important. 

The current equalization circuit according to the 
energy consumption can be divided into two major

categories of energy consuming and energy transfer 
type. A simple approach to equalize the battery cells in 
a stack is to use bypass resistance shunting across each 
cell. The disadvantages of this method are that this 
method can only be applied to the charging phase, and 
the battery energy loss, the shunting current cannot be 
controlled, and the heat power resistors make heat 
management difficult. 

The study of advanced battery equalization control 
technology which is used to reduce the inconsistency 
of single cell in the course of charging and 
discharging, can not only increase the maximum 
available capacity of the battery pack, but also 
improve the utilization of the capacity of the battery 
pack [2]. 
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2. Architecture Design of Battery 
Management System 
 

The bus contains a total of nine battery packs, each 
battery pack contains 36 iron-phosphate-based 
lithium-ion batteries of 100Ah using 3-and 12-string 
connection. The battery management system uses a 
distributed control scheme, a master control board and 
nine slave control boards which communicate with 

each other via CAN bus; Each battery pack includes a 
slave control board, which is responsible for voltage 
acquisition of each cell, the control of equalization 
current, sending and receiving the signal of the master 
control board; the master control board is mainly 
responsible for the acquisition of the battery pack 
current, SOC estimate, communication and so on. 
BMS network topology diagram is shown in Fig. 1. 

 
 
 

 
 

Fig. 1. BMS network topology diagram. 
 

 
2.1. The Master Control Board 
 

The master module mainly realizes SOC 
estimation, SOH estimation, the control of relays, 
current measurement, the total voltage and insulation 
resistance testing, CAN communication and so on. 
The master module structure shown in Fig. 2. 
 
 

 
 

Fig. 2. The master module structure. 
 
 

2.2. The Slave Control Module 
 

The slave module mainly realizes the measurement 
of single battery voltage and the temperature of the 
battery box, bi-directional active balance 
management, thermal management, and 
communications functions. The slave control block 
diagram is shown in  Fig. 3. 
 
 
3. The Situation of the Equalization 

Technology 
 

The current equalization circuit according to the 
Energy consumption can be divided into two major 
categories of energy consuming and energy transfer 

type. A simple approach to equalize the battery cells in 
a stack is to use bypass resistance shunting across each 
cell. The energy flowing through power resistances 
releases in the form of heat, this is the so called energy 
consumption type [3]. The discharge equalization 
circuit using resistance presented as in Fig. 4. 
 

 
 

Fig. 3. The slave module structure. 
 

 
 

Fig. 4. Discharge equalization circuit using resistance. 



Sensors & Transducers, Vol. 19, Special Issue, February 2013, pp. 57-63 

 59

The battery monitoring unit detects each single cell 
voltage real-timely. When inconsistent voltage 
reaches to a certain value, the equalization circuit 
works, through controlling the state of switches S1,  
S2, ..., Sn to reach the balance of capacity. The 
equalization circuit structure is simple, easy to 
implement, low cost [4], The disadvantages of this 
method are that this method can only be applied to the 
charging phase, and the battery energy loss, the 
shunting current cannot be controlled, and the heat 
power resistors make heat management difficult. 

Because equalization based on energy consumption 
defects in energy use. Non-energy consumption and 
energy transfer type were developed. 

Non-energy consumption transfers energy between 
single cell and single cell or the entire power battery 
pack; Non-energy consumption equalization generally 
uses the energy storage unit transfers energy which 
makes the battery pack voltage maintain consistent. In 
this way, equalization current and equalization 
efficiency are higher than energy consumption type. 

Due to the presence of energy consuming, energy 
consumption equalization method does not comply 
with the policy of energy conservation [5]. 
Equalization method for power lithium-ion battery 
pack, should develop towards high-current, 
high-efficiency. Intelligent equalization algorithm 
should be introduced in active equalization, combined 
voltage equalization and SOC equalization, which is 
more precise. 

According to the method of starting equalization, 
there are two balanced ways, the voltage equalization 
and the energy equalization. 

The major function of battery voltage equalization 
is that, through certain controlling strategy, all single 
cell voltage will basically reach consistency and on 
the premise that all single cell voltage are insured not 
to be overcharge and over discharge, and the maximal 
capacity is increased so as to enhance the utility ratio 
of battery pack and prolong the service life of the 
batteries .Similarly, the Energy equalization, decides 

to the start or stop the balanced action, according to 
the differences on the SOC [6]. According to the 
application environment of this project, in order to 
improve the energy efficiency of the battery pack and 
take considering the cost and other issues, 
Bi-directional energy transfer equalization strategy 
based on the voltage equalization is used here. 

 
 

4. The Design of Equalization Circuit 
 

A centralized transformer is the central component 
of the circuit, this transformer which can be obtained 
from VOGT Company has a primary coil and  
12 secondary coils. A practical model of the 
transformer supports up to 12 cells. The construction 
principle is a Flyback Converter. Because of the 
equalization scheme based on the voltage balance, 
demanding the accuracy of the collected battery 
voltage and equalization circuit should have less effect 
on Voltage acquisition circuit. In the charge and 
discharge process, any of a single cell over-charge or 
over-discharge will reduce the performance and 
service life of the entire power battery pack, therefore 
the voltage acquisition unit must be able to make 
accurate measurements on the voltage of each cell to 
in real time [7-9]. 

Based on modular thinking of hardware design, 
here we use voltage isolation sampling circuit which 
contains optical coupler, Signal conditioning circuit, 
AD conversion circuit, photo coupler and MCU. 
Multi-way switch is used to select the single battery 
needed to be measured [9]. Every block is controlled 
by a modern 8-bit microcontroller from Renesas 
Electronics, the 78F0888. It includes a 60-KBflash 
memory and a 3-kilobyte RAM. One hardware based 
CAN interfaces allow communication via the CAN 
BUS. Single cell voltage acquisition circuit is shown 
in Fig. 5. 
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Fig. 5. Voltage acquisition circuit. 
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12 Photo MOS relays AQW214 closing and 
opening are controlled by MCU I/O port through two 
decoder 74HCl38 [4]. Each sampling time must 
ensure that there is only one photoelectric relay is 
closed, and the corresponding single battery cell will 
be connected to voltage acquisition circuit, the 
negative electrode of the battery cell is connected to 
ground, and the positive is connected to signal 
conditioning circuit, which is input to the AD 
converter chip, the MAX1241which is low-power, 

12-bit analog-to-digital converter. The collection 
minimum voltage resolution ratio is 1.22 mV, which 
can satisfy the need of voltage accurate. 

Bidirectional switches constituted by the MOS 
switches and power diodes in the equalization module 
using PWM pulse control the conduction of switching 
tube on and off. The equalization circuit shown  
in Fig. 6. 

 

 

 
 

Fig. 6. Equalization circuit structure block diagram. 

 
 

5. Equalization Control Strategy 
 

For high hardware cost and complexity of the 
algorithm of equalization control based on SOC, Here 
we activate the Equalization Circuit based on voltage. 

 
 

5.1. Equalization Voltage Threshold 
 

The size of the voltage threshold directly 
determines when the Equalization circuit starts or 
shuts down. If the voltage threshold too large, it will 
lead to the equalization time too short, and little effect; 
All the same, when the voltage threshold too small, the 
equalization time is too long, Energy will be wasted in 
vain, and it is detrimental to the battery pack [10]. 
Since capacity of lithium iron phosphate is mainly 
concentrated in the range of 3.1 V to 3.3 V, according 
to the characteristics of lithium iron phosphate battery; 
when charging, equalization voltage threshold is set to 
3.3 V; when discharge, equalization voltage threshold 
is set to 3.1 V. 

 
 

5.2. Equalization Algorithm when Charging 
 

In the charge mode, it is absolutely necessary to 
transfer energy from the highest cell. Without 

equalization module, the charging process has to be 
stopped immediately when the first cell is full. When 
one cell is strongest in the battery pack, start the 
equalization circuit. Set the voltages of battery B1,  
B2, ... Bn-1, Bn are respectively U1, U2, Un-1, Un when 
the highest voltage of cells is greater than 3.3 V, and 
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1 2 n-1 nmax{U ,U ,...,U ,U } -  0.05V
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n
n

U
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(1) 

 
Assuming that the U2 is highest in the battery pack, 

MCU controls switch pipes Q1, Q3,…, Qn and T1,  
T2,…, Tn, make them work in the cut-off state. MCU 
controls the state of the switches so that Q1, Q3 ,…, Qn 
and T1, T2 ,…, Tn work in the cut-off state, and the 
switch Q2 work in on-state; Now, the simplified 
equivalent circuit of Fig. 6 is Fig. 7. The transformer 
used in this project has a primary inductance of  
143 µH, and the inductance of the secondary coils is 
4.4 µH. Because the voltage of each cell is about  
3.3 V, so the voltage of the battery pack is about 40 V. 

When U2 is the highest, larger than 3.3v, and meets 
the formula (1), close the switch Q2. At the same time 
the cell B2 begins to charge the secondary coil in 
parallel with B2. The secondary current rises linearly. 
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Fig. 7. Equalization circuit when charging. 
 
 

1 2

2

3.3
0.75

4.4

di u V A

dt l H s 
    (2) 

 
A pulse of 20 μs generated by the microcontroller 
leads to a peak current of 15A. 

 

1max 20 0.75 15I A    (3) 

 
Now the energy of the secondary coil is 495 J . 
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Then open switch Q2, as the stored energy of the 
inductor can’t jump, the energy of the secondary coil 
converts into the magnetic energy of the primary coil. 
Just at the same time, the switch Dt is ON; during the 
switch Q2 off-time, we can mentally visualize the 
inductor as becoming a sort of “voltage source”, 
forcing the current to keep flowing. The transformer's 
primary coil begins to charge to the entire battery pack 
at constant voltage. For 
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The discharge rate of the primary coil 
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5.3. Equalization Algorithm when 
Discharging 

 
Similarly, when the lowest voltage of cells is 

smaller than 3.3 V, and 
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 (8) 

 
The MUC starts equalization circuit. Assume that 

the cell B2 meets the above conditions, switches Q1, 
Q2,…, Qn are in off-state. In this mode, The Simplified 
equivalent circuit of Fig. 6 is Fig. 8. 
 
 

 
 

Fig. 8. Equalization circuit when discharging. 
 

The working principle is as follows. In a PWM 
period, firstly, during switch Qt on-state (TON), the 
battery pack in parallel with primary coil charge to 
primary coil at constant voltage lasting TON, then close 
switch T2, at the same time open switch Qt. During the 
switch Qt in off-state (TOFF), the secondary coil L2 
charges to B2 during TOFF. In this process, the energy 
of the complete stack is fed into the weakest cell B2 via 
the big primary winding. 
 
 
6. Equalization Experiment  
 
The charging and discharging equalization 

experiment conducts when the electric bus in the 
parking state. The equalization module has two 
modes: standby and work mode, we can change work 
mode according to the charging strategy. The subjects 
of equalization are 12 lithium-ion batteries, the system 
first determines whether the power battery pack meets 
the conditions of equalization, that is 

max ave 50mvV V   and 3.3vV   or 3.1vV  . If it 
satisfies equalization start condition, activate 
equalization module in working state according to the 
microcontroller instructions. Repeat the above steps 
until max aver 20mvV V  . 
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Select a battery pack which each cell has a large 
difference as a test object. With a 0.2C current to 
charge the battery pack, That is 20 A, Take the voltage 
of B1 as reference voltage, When B1 reach to 3.400 V, 
collect voltages of the battery pack which doesn’t not 
activate the equalization circuit and voltages which 
activates the equalization circuit, Experimental curve 
as shown in Fig. 9. 
 
 

 
 

Fig. 9. Voltage comparison chart when charging. 
 
 

Select the same battery pack which each cell has a 
large difference as a test object. With a 0.5C current to 
discharge the battery pack, that is 50A, take the 
voltage of B1 as reference voltage, When B1 reach to 
3.000v, collect voltages of each battery cell, which 
doesn’t not activate the equalization circuit and 
voltages which has activated the equalization circuit, 
experimental curve as shown in Fig. 10. 
 
 

 
 

Fig. 10. Voltage comparison chart when discharging. 
 
 

6. Conclusions 
 

The experimental results can well achieve the 
balanced goals of the power battery pack. By changing 

the PWM pulse we can control the equalization 
current in charging and discharging. Take full account 
of the accuracy of voltage measurement and the heat 
dissipation properties of the equalization module and 
other issues in the hardware design of the equalization 
module. The transformer, MOS switch tube devices 
do not appear heating phenomenon in the circuit 
during operation. Equalization experiment prove that 
the stability of the work of this circuit, and to improve 
the consistency of the battery pack, and helps to give 
full play to the overall performance of the battery 
pack. Equalization module works stably and improves 
the consistency of the battery pack, Helps to improve 
the overall performance of the battery pack. 
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Abstract: As a completely new-type of robot, the parallel robot possesses a lot of advantages that the serial robot 
does not, such as high rigidity, great load-carrying capacity, small error, high precision, small self-weight/load 
ratio, good dynamic behavior and easy control, hence its range is extended in using domain. The current status of 
research on the parallel robot is described in this paper, including the introduction and the characteristics of the 
parallel robot, current status of research, classification of parallel robot, kinematics analysis, dynamics analysis, 
singular configuration analysis and workspace analysis in parallel robot and so on. Then the actual state and 
development trends of parallel robot, some problems and challenges in parallel robot industrialization of our 
nation are expounded .In order to adapt to machine industry development, the prospect of parallel robot is 
presented in the end. Copyright © 2013 IFSA. 
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1. Introduction and Characteristics  

of Parallel Mechanism 
 

Stewart of German invented six degrees of 
freedom parallel mechanism in 1965 and it was used 
to train pilot as flight simulator [1]. Famous 
mechanism Professor Hunt of Australian put forward 
that parallel mechanism was used to robot arm in 
1978[2]. Subsequently Maccallion and Pham D. J. 
designed this mechanism as operating device for the 
first time and Stewart mechanism was successfully 
used to assemble product line, which indicated the 
birth of real parallel robot and promoted history of 
parallel robot development from then on. Typical 
Stewart parallel robot was described as Fig. 1. 

Parallel robot possessed a lot of advantages as 
following relative to the serial robot: 

1) Compared with the serial mechanism, rigidity is 
high, the structure is steady; 

2) The load-carrying capacity is great; 
3) The precision is high; 
4) Movement inertia is small; 
5) When the position is solved, serial mechanism had 

easy positive solution, difficult inverse solution.  
But parallel robot has difficult positive solution and 
easy inverse solutions. 

Because the on-line real time calculation of 
parallel robot is required to calculate inverse solution, 
which is disadvantageous to serial mechanism, but it’s 
easy to realize for parallel mechanism. Because of a 
series of advantages, the application domain of whole 
robot is expanded. 
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2. Current Status of Parallel Robot 
Research 
 
Since Professor Hunt put forward the structure 

model of parallel robot in 1978, a lot of scholars paid 
attention to the research of parallel robot. A group of 
scholars such as Roney, Ficher, Duffy, and Sugimoto 
in America, Japanese were engaged in research. Some 
European countries such as Britain, Germany, Russia 
etc were also engaged in research work. Huang Zhen 
Professor of Yan Shan University in China has 
participated in the research of this content in U.S.A. 
since 1982, and made a breakthrough in 1983. Up until 
now sample of parallel mechanism is various 
including level, space different degrees of freedom, 
different layment and super many degrees of freedom. 
Approximately it was used to exploit flight simulator 
in 1960s.Then conception of parallel robot arm was 
put forward in 1970s. Parallel robot machine tool 
began to develop in 1980s.Crame was exploited by 
making use of parallel mechanism in 1990s. 
 
 

 
 

Fig. 1. The typical Stewart parallel robot. 
 
 

After this, every big company of Japan, Russia, 
Italy, Germany and Europe introduced the parallel 
robot as the application mechanism of Processing tool. 
Our country pays much attention to research and 
development of parallel robot and parallel machine 
tool too. A lot of units such as automatic research 
institute in Shenyang of the Chinese Academy of 
Sciences, Harbin Institute of technology, Tsing-Hua 
University, Beijing Institute of Aeronautics, 
Northeastern University, Zhejiang University, 
Yanshan University are launching the work of 
studying in this respect too, and has made certain 
achievement. 

 
 

3. Classification of Parallel Robot 
 
No matter the structure and appearance of parallel 

robot got abundant development since the first parallel 
robot was born from institute of automation and robot 

in Dezhou of U.S.A. in 1993. It’s divided into the 
following several kinds: 

(1) According to the figure of degree of freedom, 
parallel robot can make F degree of freedom 
operation, so it’s called as F-degree of freedom 
parallel robot. For example: a parallel robot has 
six-degree of freedom, called 6-DOFparallel robot. 
Redundant parallel robot, namely its degree of 
freedom is greater than six. Deficiency rank parallel 
robot, namely its degree of freedom is less than the 
order number of parallel mechanism. 

(2) According to input form of parallel 
mechanism, parallel robot can be divided into: linear 
drive input parallel robot and rotation drive input 
parallel robot. Parallel robot of linear drive input was 
studied more than the other. Reverse solutions to 
position of this robot were very much easy and 
possessed uniqueness. Parallel robot of rotation drive 
input possessed more compact structure, less inertia, 
better load-carrying capacity compared with the linear 
drive input, but its input form decided that inverse 
solutions to position are many and complicated. 

(3) According to the length of pillar, parallel robot 
can be divided into: parallel robots, which use variable 
pillar to support the upper and lower platforms and 
parallel robots, which use regular length pillar to 
support the upper and lower platforms. For example: 
the first kind of parallel robot of six rods was called 
Hexapod, its movement platform and foundations 
were jointed by six pillars of variable length. Both 
ends of each pillar were jointed by hinge between 
movement platform and foundation separately. The 
location appearance of movement platform was 
changed through regulating the length of pillar. 
Another kind of fix length parallel robot of six rods 
was called Hexaglide, its movement platform and 
foundation were jointed by six pillars of regular 
length. Each one of pillar’s ends was jointed on the 
movement platform by hinge. Another end was 
jointed on foundation through hinge. This hinge can 
move along slide way fixed on foundation, so the 
location appearance of movement platform was 
changed. 
 
 
4. Kinematics Analysis of Parallel Robot 

 
Main parameters in kinematics: position, 

displacement, speed, acceleration and time. 
Kinematics analysis chiefly studies positive solution 
and inverse solution of parallel mechanism. Given 
position parameter of upper platform of parallel robot 
and solution to position parameter of input joints is 
inverse solution of parallel mechanism kinematics. 
Solution to position parameter of upper platform of 
parallel robot is positive solution of parallel robot 
kinematics when given position parameter of input 
joints of parallel robot. Reverse solution to position of 
parallel robot is easy and positive solution is very 
complicated, which is against to serial robot. There are 
two kinds of most general research approaches: 
numerical solution and analytic solution [9]. 
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Numerical solution has simple mathematical 
model and can solve any parallel mechanism, but can’t 
get all position solution of mechanism. Scholars use a 
lot of decrease dimension searching methods to get 
positive solution to position. 

Numerical solution is a solution to a set of 
nonlinear equations. Nonlinear equations are educed 
from vector hoop equation by some concrete structural 
algebra disposal, so get the solution to position and 
posture of movement platform corresponding to input 
displacement. Because this method omits convoluted 
mathematical deduction, the calculating method is 
simple, but its speed is slow and can’t guarantee that 
all solutions are got and the final results are related to 
the selection of initial value. Huang Zhen put forward 
one-dimension search method that can simplify 
parallel mechanism that has triangular platform to 
nonlinear equation that only has one variable in 1985. 
This method improves the speed of solution obviously 
[3]. Chen Yong of Xian Jiao Tong University put 
forward a new iterative method based on homotopy 
function, which didn’t need to choose initial value and 
can get all solution [4]. This method can be used for 
getting positive solution to position of a general 6-sps 
parallel mechanism and all 40 groups solutions can be 
easily got. 

Analytic method can get input-output equation that 
is one uncertain multinomial through elimination 
method eliminating unknown number of constraint 
equation of mechanism. This method can get all 
solutions. Error effect of input-output can be shown 
quantificationally and singular problems can be 
avoided, has significance in theory and application. 

Rao Qing of Beijing University of technology built 
basic equation of positive solution by using geometry 
equation theory of mechanism. Then deduced a 20 
order number input-output equation of unitary 
displacement, so the close positive solutions can be 
got [5]. 
 
 
5. Dynamics Analysis of Parallel Robot 

 
Dynamics studies the relationship between 

movement and operation force of object. Parallel 
robot is a complicated dynamics system, and the 
serious nonlinearity exists. It’s composed of many 
joints and many connecting rods, has many input and 
output. There are intricate coupling relationship exists 
between them. So very systematic method must be 
adopted so as to analyze the dynamics characteristic of 
robot. There are a lot of existing analytical methods, 
such as Lagrange method, Newton-Euler method, 
Gauss method, Kane method, spin or method (dual 
data) and Roberson-Wittenburg method, etc. Ficher 
and Merlet discussed dynamics in the early time, got 
dynamics equation of Stewart robot after neglecting 
friction of joints and inertia of connecting rod [6, 7]. 
Do and Yang accomplished inverse dynamics analysis 
of Stewart robot by using Newton-Euler method, 
assumpted that there is no friction in joints and each 

rod is asymmetric thin rod (namely the weight is at the 
axis and the inertia of rotating which winds the axial 
can be neglected) [8]. 

 
 

6. Singular Configuration Analysis 
 
Jacobian matrix becomes singular matrix when 

robot mechanism stays some steady location, its 
determinant is zero and reverse solution of speed of 
mechanism is inexistent at this moment. This kind of 
location of mechanism just calls singular location. 
One character of parallel robot is high rigidity, 
however when parallel robot stays on singular 
displacement, many problems will cause. Because 
parallel robot can’t bear any load in this position, its 
operation platform possesses excessive degrees of 
freedom, and the mechanism will be out of control. 
Therefore, while designing and using parallel robot, 
singular location must be excluded from working 
field. 

Another kind of method is singular position 
equation, which can identify singular position by 
solution to the equation. Shi and Fenton confirmed 
singular matrix by using positive transient kinematics 
equation. Sefrioui and Gossellin deduced analytic 
expression of singular track aiming at level parallel 
robot of 3-DOF [10]. 

Ficher had found the singular position of Stewart 
platform mechanism: namely The position of revolves 
round Z axel  90 when movement platform parallels 
foundation[6].Singular position of mechanism can be 
got by analyzing Jacobian matrix of mechanism 
equals zero. 

 
 

7. Workspace Analysis 
 
Workspace analysis is primary link of designing 

parallel robot operation device. Workspace of robot is 
the job area of robot operation device and an important 
index of weighing the performance of robot. 
Workspace can be classified as accessible workspace 
and nimble workspace according to position 
characteristics of operation device while working. 
Accessible workspace is an assembly to accessible 
whole points of some reference point on operation 
device and it don’t consider the location of operation. 
Nimble workspace is an assembly to accessible points 
from any direction of some reference point on 
operation device. 

The maximal weakness of parallel robot is small 
space, which should be a relative conception. 
Workspace of serial robot is bigger than parallel robot 
when the size of mechanism is the same. When the 
workspace is the same, serial robot is smaller than 
parallel robot. 

Analytic solution to workspace of parallel robot is 
a very complicated problem. It depends on the 
research achievement of solution to structural location 
to a great extent. So far there isn’t a perfect method. 
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Ficher studied workspace of parallel robot having 6 
degrees of freedom by fixing three posture parameters 
and a position parameter of six posture parameters and 
let other two parameters change [6]. Gosselin 
identified fixed posture workspace of parallel robot 
having 6 degrees of freedom using crossing arc 
method and gave three-dimensional express of 
workspace. This method regards asking the border of 
the workspace as purpose and its efficiency is high and 
can compute the volume of workspace directly [11, 
12]. 

 
 

8. Outlooks 
 

Parallel robot has been studied for decade’s years 
and very great progress has been made, but there are a 
lot of work that are needed to study further. 

(1) Explore solution method of redundancy in 
Stewart platform robot of strength. 

(2) Research on workspace and singular situation 
of parallel robot. 

(3) Dynamics theory and experiment research of 
parallel robot. 

(4) Modular design of parallel robot. 
(5) Strengthen the research on few degree of 

freedom parallel robots.  
(6) Kinematics optimization synthesis of Stewart 

robot based on well-conditioned workspace. 
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1. Introduction 
 

A variety of texture mapping technique to a 
two-dimensional plane produced three-dimensional 
surface visual effects. Ma Jun and others use pure 
texture method, only use two triangular element to 
construct the surface, using the technology of 
P-buffer, concave-convex texture technology, 
projective texture technology to simulate a real time 
including reflection, refraction, wave, the sun light 
and Caustics effect of water environment [3]. When 
obtain the reflection texture, the surface is as a 
reference surface [3], all reflective scenes do image 
processing, and then the scene image to weed out 
above the surface of the water, the remaining portion 
into a reflection texture rendering. Wang Daochen and 
others use the sine method to describe the surface, 
through real-time texture mapping technology to 
achieve the surface reflection, refraction and Fresnel 
and other surface illumination effect [6]. In order to 
obtain the surface reflection texture, view flips to 

below of the surface, in the horizontal plane as a 
reference plane [6].  

The scene is rendered  into a reflection texture. If 
the level is not in a coordinate plane, and the scene in 
the scene of more, literature [3] of the features of the 
image processing can be very complex. Compared 
with [3, 6], view mirror processing easier, to avoid a 
scene in each scene mirror. in the study above the 
water surface rendering technology based on, This 
paper propose one kind based on the viewpoint of the 
pure mirror surface texture mapping method,  Our 
algorithm combine the planar texture mapping and 
view mirror. The real-time rendering has an index of 
refraction, reflection, caustics and corrugated flow 
water surface 
 
 
2. Describing Method 
 

In order to obtain real-time performance, this 
chapter abandons the use of high resolution grid 
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construction surface method, only use a rectangular 
plane to express surface, reduce the complexity of the 
surface modeling. According to the current viewpoint, 
we obtain refractive and reflective texture, the 
refraction texture and reflection texture blend to 
project to the rectangular, simulate of surface 
refraction and reflection effect. The use of a 
concave-convex texture perturbation refractive and 
reflective texture coordinates and the formation of the 
surface corrugation, combining the dynamic texture 
water wave effect. Advance through mapping 
dynamic textures to describe the surface caustics, 
finally achieved a real-time, with the refraction and 
reflection, fluctuation and caustics surface 
environment. In addition, the chapter on water 
drawing, using a loading 3DS file method, avoid the 
program directly modeling, reduces the complexity of 
the program. 

At the end of this chapter, based on the viewpoint 
of mirror pure surface texture rendering method of 
experiment, using Cg graphics hardware development 
language and OpenGL three-dimensional function 
library in Visual C + + to achieve a real-time surface 
environment. This paper present the surface method 
which consists of the following steps: scene rendering, 
refraction and reflection effect simulation, surface 
waves and the effect of flow simulation and caustic 
effect simulation, flow diagram as shown in Fig. 1. 
 
 

The sky, 
such as 
the ship 
scene 
rendering 

Refraction 
and 
reflection 
effect 
simulation 

Surface 
waves 
and flow 
effect 
simulati
on 

Caustic 
effect 
simulati
on 

 
 

Fig. 1. Algorithm flow chart. 
 
 

3. The Scene Rendering 
 

Scene rendering include sky and scenery drawing. 
This paper adopts the method of the sky box, each of 
rectangular parallelepiped attached on the surface of 
the blue sky white clouds texture to simulate the sky. 
Scene rendering using loading 3DS file. 

This article use 3DS MAX make model ships, 3DS 
file as the scenery. The use of mainstream software 
modeling more often than the program directly 
modeling process is simpler and the structure of the 
model is relatively complex and realistic. So you can 
use some mainstream 3d software for scene modeling, 
and then they are derived for the specific file format, 
after load it in OpenGL procedure and display the 
model. 3DS file is a relatively common model file, it 
can use the 3DS MAX software, other format of the 
3D model can be converted to 3DS format. And in a 
variety of three-dimensional graphic material disc and 
informative graphics on Internet site, has a lot of 3DS 
model. 

3DS file consists of a number of blocks, block 
consists of two parts: the block ID and the next block 
offset position, i.e., the block length. Block ID is an 

integer, the block length is a long integer. If the3DS 
file has a main block, the ID0x4D4D, this is3DS the 
beginning of the file. 

Before read the 3DS file, define some classes and 
structures for the preservation of information, read. 
Such as a model, block, object classes and material. 
The model consists of a plurality of objects, object and 
object vertex, face, texture and texture coordinates and 
other information. Including material texture, texture 
file name of materials and ambient light color, 
scattered light color and other information. Then the 
model data into a binary stream, it create a read3DS 
file types, in this class according to the ID3DS file 
read data and use the corresponding class or structure 
preserved. Finally using the OpenGL model drawing. 
Traversing the model class in every object. For each 
object defined material, bind texture. Finally in the 
triangle mesh rendering object. While in the program, 
adding to the model of light, such as atomization 
process. 

Fig. 2 is initial effect, this time the water is just a 
blue plane, so it is not real, require a combination of a 
variety of texture mapping to achieve a certain 
realistic water surface. The following scene graph 
based on 3-2 is introduced, based on viewpoint of 
mirror pure surface texture mapping. 
 
 

 
 

Fig. 2. Scene graph. 
 
 

4. Refractive and Reflective Effect 
Simulation 

 

In Fig. 2 scene graph, this section describes the surface 
refraction and reflection. When light hit the surface, it 
can produce refraction and reflection. Achieve the 
surface reflection and refraction of water simulation, it 
can greatly enhance the sense of reality. Water 
refraction and reflection on implementation uses the 
texture projection method. To obtain the 
corresponding texture, and the refraction and 
reflection texture blending obtained after surface 
texture, its projection to the water surface. 
 
 

4.1. Refraction and Reflection Texture 
Acquisition 

 
Water as interface, scene scenery is generally 

divided into three types, which is shown in Fig. 3. 
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Diagram of A, B, C scene scenery, which all A above 
water; scene B part above the water surface, part 
below the surface of the water; scene C completely 
under water, representing the scene features three 
different locations. 

 
 

B 
Air 
Water 
 

A 

Under 
water 

The sky 
Virtual  
camera 

Virtual camera 
 mirror 

C 

 
 

Fig. 3. Schematic diagram. 
 
 
Literature [3] get refracted texture only consider 

the water scenery, acquiring reflection texture only 
consider the above water scenery. For refraction 
texture, with water to reduce, eliminate above water 
scenery (as shown in Fig. 3 A and B solid section), the 
remaining part of the real-time rendering to refraction 
texture; texture for reflection, to above the surface of 
the water scenery (such as shown in Fig. 3 A and B 
solid part) to the surface as a reference do image 
processing, from above the water surface portion, the 
remaining part into a reflection texture rendering. 

This chapter gets refracted texture is the same as 
[3], on the surface of the water above the scene (Fig. 3 
C and B dotted line) function glCopyTexSubImage2D 
real-time rendering into refracted texture. 

Comparison with [3], this chapter base on the 
viewpoint of mirror method to obtain the reflection 
texture. The virtual camera mirror processing, change 
the virtual camera positions and viewpoints, using the 
glClipPlane function will be in the water scene culling 
(Fig. 3 C and B dotted line), retaining only the above 
water surface reflection of the scene, and then call the 
glCopyTexSubImage2D function of the visual scene 
in real-time rendering into a reflection texture. On the 
surface of the water when drawing will render the 
refraction and reflection of texture as a parameter 
passed to the Cg program. 

And [3] on the scene were compared in this paper 
the mirror, only needs to deal with mirror view, 
without the need for A and B scenery image 
processing, reduce the complexity of algorithm. 

 
 

4.2. Refraction and Reflection Texture 
Mapping 

 
Obtain refractive and reflective texture, transmit it 

to the Cg program, using the texture projection 
technology in GPU calculation of refraction and 

reflection in water. Projection texture according to 
object space vertex of each position to calculate the 
projection texture coordinates, then according to the 
calculated coordinates of projective texture lookup. 
Equivalent to the reflection and refraction of texture 
as" slide", projected to the surface. 

The texture projection is the most important 
problem of computing texture coordinates. In the first 
Cg vertex program calculates projection texture 
coordinates, then the Cg fragment projection texture 
lookup program execution. Projecting a texture 
coordinate calculation of vertex program is as follows: 

oPosition = mul(modelViewProj, position); 
projCoord=oPositon; 
First, the object space position (position) and 

model projection matrix (modelViewProj) as the 
vertex shader input parameters, the surface of the 
water to the surface of the object space changes in eye 
space. Then the position (projCoord) as projective 
texture coordinate set to fragment programs. 
ProjCoord is a group of four, with the (s, t, R, q) said. 
 
 

 
 

Fig. 4. Refraction and reflection effect chart. 
 

To perform texture lookup, to obtain the original 
texture coordinate set (s, t, R, q), then q in addition to 
each component, given (s/Q, t/Q, R/Q, 1). The 
transformed vertex values is from - 1 to1, but the 
texture index is from 0 to1, so in the fragment program 
to transform results mapped to (0,1) range. The Cg 
fragment program is as follows: 
projCoord = projCoord /projCoord.q; 
projCoord = (projCoord + 1.0)*0.5; 
projCoord = clamp(projCoord, 0.001, 0.999); 
float4 projCoord1 = projCoord; 
projCoord1.x = -projCoord.x; 
float4 Crefract = tex2D(refractTex, 
projCoord1.xy)*0.5f; 
float4 Creflect = tex2D(reflectTex, 
projCoord.xy)*0.95f; 

Where refractTex is refracted texture, reflectTex is 
a reflective texture, Crefract and Creflect is performed 
after the color and texture lookup refraction reflection 
color. In general, when the light reaches the two 
material contact surface of the time, some of the light 
is reflected off the surface of the contact surface, while 
the other part of the light will be refracted through the 
contact surface. So we need according to the 
observer's point of view to calculate the reflection and 
refraction of texture mixing method. 
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4.3. Refraction and Reflection Texture 
Blending 

 
On the surface, the observer and the surface of the 

angle is small, the reflection effect is more obvious; 
the greater the angle, refraction effect more obvious, 
this is called a Fresnel effect [6]. The Fresnel formula 
describes how much light is reflected and how much 
light is refracted. Quantification of the Fresnel effect 
of Fresnel formula is very complex, so we use the 
approximate formula (1) to the refraction and 
reflection components of hybrid Crefract, to get the 
final color C final. 
 

  1final reflect reflectC TFresnel C TFresenl C     , (1) 

 
Type, TFresnel as the Fresnel coefficients, Fresnel 

coefficients calculation is more complex, we use a 
common approximation formula (2) to calculate the 
Fresnel coefficients. 
 

 5.0(1 ) (1.0 cos )TFresnel r r      , (2) 
 
where Ө is observation vector and normal vector of 
the angle, R is reflection coefficient. The value of R 
can be obtained through physical measurements, To 
achieve the effect of reflection and refraction of water 
is shown in Fig. 4. 
 
 
5. The Surface Waves and Flow Effect 

Simulation 
 
Literature [3] the two triangles form a quadrilateral 
construct surface. Considering the quadrilateral four 
vertices in the program will not change, this chapter 
water only by a rectangular form, to achieve the 
surface refraction and reflection, the water surface is a 
two-dimensional plane, must use some technology 
makes the two-dimensional plane producing the 
three-dimensional visual effect. 
 
This chapter of the water flow is divided surface 
waves and flow effect in two steps. 
 
 
5.1. Water Ripple 
 
We use a concave-convex texture (Bump Mapping) 
respectively, perturbation refractive and reflective 
texture, to achieve the surface ripple. Because GPU 
allows the texture look up result performed on 
arbitrary mathematical operation, therefore, it can be 
used to store the vector texture. The concave and 
convex texture map, each pixel of the red, green and 
blue components of each representing the pixel 
method vector x, y and Z component. Because the 
standardized color value is limited in the range of 
[0,1], and standardized method of vector values range 
[-1,1]. In the production of concave-convex texture, 

formula (3) will have the symbol vector range from [- 
1,1] to [0,1] compression, which can be used to bump 
map representation vector distribution. Fig. 5 (a) is to 
use the method of making bump map. In the 
simulation of surface corrugation, required the use of 
formula (4) will bump map color range from [0,1] is 
extended to [- 1,1], get the normal vector value 
 

0.5 0.5colorCompenent normalComponent   , (3) 

 
2 ( 0.5)normalComponent colorCompenent   , (4) 

 
Using the method of vector valued respectively on the 
refraction and reflection texture coordinates 
disturbance, then perform refractive and reflective 
texture lookup, make the surface ripple effect. 
Fragment program Cg code as follows: 
 
normalComponent = (colorComponent－0.5)×2;  
 // Range extension 
projCoord =projCoord＋
normalComponent*C*(1-factor); // Coordinate 
perturbation 
 
Where C is the expansion coefficient, used to control 
the degree of twist. Due to the more distant scene 
occupies a small pixel, is not easy to detect, if the 
nearby and distant scene the same proportion of 
twisted, will not too close to reality, so we calculate 
the camera to the object distance factor, map it to 
[0,1], multiplied by the distance factor (1-factor ), near 
perturbations the obvious than. 
 
 
5.2. Flow Effect 
 
Effect of flow through the dynamic texture technology 
to achieve. Dynamic texture is defined at different 
moments the empowerment model of texture 
coordinates or texture itself is changing, when this 
changing is continuous, it is a form of animation 
effects. Dynamic texture mainly have two kinds of 
method: change the texture coordinates to realize 
dynamic texture and texture image to achieve the 
dynamic texture. In this section, we use the first 
method, through the change of the OpenGL texture 
coordinates, to achieve the surface dynamic effect. 
The final surface effects such as shown in Fig. 5 (b). 
 
 
6. Caustic Effect Simulation 
 

In reality, because of the sun light on the surface of 
TBI, it can generate caustics (Caustics). The Caustics 
effect is through dynamic texture technology, first in 
the3DS MAX software rendering certain frames of the 
Caustics effect chart, and then each frame drawing 
binding one, when drawing a continuous, formed 
water glittering effect. Fig. 6 is one of the 3 Caustics 
effect map texture. The use of the same scene 
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rendering to the texture coordinates on twisted 
method, Caustics texture coordinate distortion. 
 
 

    
 

(a) Bump mapping. 
 

 
 

(b) Surface waves. 
 

Fig. 5. Ripple effect. 
 
 

     
.  

Fig. 6. Caustics texture. 
 
 

On the basis of water, add the Caustics effect. Add 
Caustics effect water and add the Caustics effect 
surface respectively as shown in  
Fig. 7 (a) and (b) shown below. Seen from a distance, 
add Caustics effect of the surface calm, and add the 
Caustics effect water closer to reality 
 
 
7. Experimental Results and Analysis 
 

Real time simulation of the water surface in 
computer graphics and virtual reality technology is 
one of the research hotspots, this chapter uses the pure 
texture approach, using only a rectangular building 
surface, using projective texture mapping, bump and 
the dynamic texture, texture mapping technology 
makes the two-dimensional rectangular plane 
three-dimensional visual effects, to simulate the 
surface reflection, refraction, wave, flow and caustics. 
The reflective texture is obtained based on view 
mirror, [3] is on the surface of the water scenery on the 
horizontal plane as a reference plane to do image 
processing to obtain the reflection texture, in the scene 

more cases, drawing amount will increase, and this 
chapter only needs to do image processing for current 
viewpoint, reducing the amount of drawing. In 
addition, this chapter also uses a load3DS file method 
of drawing water scenery, avoids directly in the 
process of scene modeling. 

 
 

        
 

(a) Do not add Caustics effect in water. 
 

 
 

(b) add the Caustics effect of water 
 

Fig. 7. Add Caustics and Caustics effect contrast. 
 
 
In the experiment, the texture projection and caustics 
of drawing process in the graphics processor 
implementation, practical GPU programming, ensure 
the real time of algorithm. Experiment hardware 
platform: 2.93 GHz Pentium 4 CPU, 512 MB, 
GeForceFX512 memory card, loading the vessel 
surface number is 8047, the whole scene rendering 
speed can achieve more than 30 fps. This chapter 
based on view mirror pure texture surface rendering 
method, water only by a rectangular form, albeit at the 
expense of some surface details, but in the scene 
scenery more complex cases, still can achieve 
real-time rendering. This algorithm can be used for 3D 
games and other virtual reality system which the 
realistic requirements of surface rendering. 
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Abstract: Cold roll beating is an advanced precision plastic forming technology. The principle of lead screw cold 
roll beating was briefly introduced and the dynamic model of single beating process of lead screw cold roll beating 
is established. Evolutions of the principal stress, hydrostatic pressure and the principal strain in the deformable 
area are studied. Positions of the defects are further defined and the reasons of these are analyzed according to the 
stress-strain evolution. And the corresponding measures are put forward to prevent surface defects.  
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1. Introduction 
 

The precise plastic forming technology aims at 
producing near-net-shape products as possible and 
even the finished parts [1, 2]. High speed cold 
roll-beating forming technology is a green near-net 
single-point incremental forming method [3][4] in 
which the characteristics of metal plastic forming are 
utilized, the high-speed rotating roller is used to 
roll-press and beat the rough shaft to compel the 
work-piece enduring local striking continually and 
yielding plastic deformation. High speed precise cold 
roll-beating of lead screw is an advanced precise 
plastic volume forming technology, in which under 
the normal temperature, the rotating rigor roller with 
the specific tooth profile rolls and beats the blank with 
high speed, owing to the plasticity of metal itself, the 

surface metal of the blank plastically flows, and 
forming of work-piece overall by cumulating 
deformation of continuous tiny region with the 
relationship of relative motion between the rigor 
wheel and blank is realized [5, 6].  

Compared to the traditional plastic forming, cold 
roll-beating technology is of lesser load, lower energy 
- consuming and higher flexibility. At present it has 
been successfully used for gear and spline shaping [7], 
while its use for lead-screw forming is still at 
feasibility study [6, 8]. Studying on the process 
forming shows that flaws such as ripple texture and 
flanging always occur on the shaping surface of the 
lead screw raceways which will always lead to 
cracking occurred. Studying the stress-strain changing 
laws in real time will contribute to reveal the flaw 
forming mechanisms of ripple texture and flanging, 
etc. [9, 10] and forecasting the occurring positions of 

http://www.sensorsportal.com


Sensors & Transducers, Vol. 19, Special Issue, February 2013, pp. 74-82 

 75

the surface flaws, which will be helpful to take actions 
to prevent or decrease the flaws to improve the surface 
forming quality of the lead screw raceways. 

In this paper, ABAQUS/Explicit is used to carry 
out the explicit dynamics simulation analysis of a 
single beating process in the lead screw cold 
roll-beating to reveal the evolution of the stress and 
strain to further forecast the occurring positions of the 
flaws, reasons for flaw occurring are analyzed the 
reasonable flaw preventing measures are given. 

 
 

2. Principle of Lead Screw Cold 
Roll-Beating 
 
The cold roll-beating process of the lead screw is a 

complex forming process of high speed, transience, 
high impact and big deformation [6]. The working 
principle [8] is shown in the Fig. 1. 

 
 

 
 

Fig. 1. The schematic diagram of lead screw  
cold-rolling. 

 
 
In the roll-beating process, the roller of certain 

shape is mounted on the rotating roll-beating shaft 
with high speed. The roll-beating shaft moves a pitch 
per rotating; the roller makes axial and radial feeds 
with certain velocity while striking the rotating work. 
At the instance the rollers contacting the work 
simultaneously, due to the action of the friction force 
between the roller and the work; the roller rotates on 
itself with certain angular velocity to ensure rolling 
between the roller and the work. To avoid interfering, 
there is a pitch angle β between the mounting axis of 
the roller and the axis of the work. Thus the main 
motions are: rotation of the beating shaft, rotation of 
the work, rotation on itself of the roller, the roller’s 
axial feeding and radial feeding. 
 
 
3. FE Model of Lead Screw Cold 

Roll-Beating 
 

Lead screw cold roll-beating is a single-point 
accumulating forming process. As the raceway’s 
forming is a repetitive single-beating process, in this 

paper dynamics simulating of the single beating 
process is given the great attentions. And only a very 
small plastic deforming region emerges on the local 
area of the blank in a single beating, the 1/6 of lead 
screw circumference is taken as the analysis object. 
The geometry model is given in the Fig. 2 (a), the axial 
length of the lead screw blank is taken as 10 mm, and 
the diameter is 34 mm, the material is 45# steel. While 
the roller material is W6Mo5Cr4V2Co8, its diameter 
is 25 mm, thickness is 3 mm, the radius is 1.5 mm and 
the Revolution diameter is 120 mm.  

 
 

 
 

(a) Geometry Model 
 

 
 

(b) Grid model 
 

Fig. 2. The screw cold-roll-beating model. 
 
 

The element type of the lead screw blank is 
C3D8R, the global size of the element is 3 mm. As 
there will no big deformation occurring the central 
part of the lead screw, grid refinement is taken in the 
region of 5 mm (thickness) × 3 mm (width) in the 
blank’s outer surface contacted with the roller and the 
size of the element is 0.18 mm. The grid dividing 
models shown in the Fig. 2 (b). Deformation of the 
roller is very small relative to the blank, the roller is 
constrained as rigid body.  

As the forming is of local forming, metal flowing 
is limited, the blank surface contacted with the roller is 
not constrained, rotation along the Y axis are applied 
on the other five surfaces, rotating speed of the lead 
screw blank is 20 rpm and revolution speed of the 
roller is 1000 rpm. Reverse beating is adopted in the 
simulation, which means revolution of the roller and 
feeding of the blank are of the opposite direction. 
Although in a single beating, rotation of the roller can 
ensure the metal fiber will not be cut off, the dynamics 
simulation shows that the angular rotation is 
extremely small and is about 0.02-0.05 rad, its effect 
on the strain-stress in the plastic deformation region 
can be ignored, to shorten the computing time, the 
rotation of the roller is ignored.  
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4. Simulation Results and Analysis  
 
Lead screw cold roll-beating is an intermittent 

local plastic volume forming process, the plastic 
deformation in a single beating is very small, to 
simplify the analysis, only the refined element in the 
surface of the contacting region between the lead 
screw blank and roller is taken as the research object.  

 
 

4.1. Stress Evolution 
 
Without considering magnitudes of the principle 

stress, the stress state can be expressed in form of 
stress figure, from which it can seen whether the three 
principle stress exist or not and the directions of the 
stresses. Considering the magnitudes of the principle 
stress, hydrostatic pressures determine the effect of 
the stress state on the plastic deforming quality. To 
reveal the evolution of the stress in the deforming 
region, the stress states are analyzed with combination 
of principle stress diagrams and hydrostatic pressures. 

(1) Evolution of principle stress over time 
Three moments in the process from roller 

roll-beating into the deforming region to out of the 
region are taken out, directions of three principal 
stresses at different points of the contacting region 
between the blank surface and roller are given in the 
Fig. 3, from left to right is the max, middle and min 
principle stress. From the Fig. 3, in a single 
roll-beating process, majority of the principle stress 
diagrams of the surface metal is always 3–D 
compressing stress diagram, this kind of stress state is 
most conducive to produce metal plasticity and 
microscopic failure probability decreases. 

(2) Evolution of hydrostatic pressure over time. 
The lead screw raceway deforming region is 

consist of contacting region and deformed region. The 
region area changing rule can be seen from the Fig. 4.  

As is it is shown in the Fig. 4, with the progressing 
of a single beating process, the raceway deforming 
region changes form a point into ellipse. The direct 
contacting region (1# Region) between the roller and 
blank surface first increases and then decrease and is 
always beneath the raceway deforming region. The 
raceway’s deformed region (2# Region) is always 
increasing. 

During the roll-beating process, hydrostatic 
pressures at different regions of the blank surface 
change continuously. The hydrostatic pressure at top 
part changes from big to small, i.e. from 2071 MPa to 
-431 MPa. The hydrostatic pressure at middle part 
changes from small to big, i.e. from -33 MPa to  
2240 MPa. While the hydrostatic pressure at down 
part is always increasing, i.e. from -33 MPa to  
2206 MPa. 

The maximum hydrostatic pressure occurs at the 
central part of the contacting region, in this part the 
material plasticity is well, whereas the deforming 
resistance force is bigger, which is helpful for further 
roll-beating incremental forming. The hydrostatic 
pressures at the deformed region decrease obviously, 

which means that number of the compression stress 
decreases. Low hydrostatic pressure will induce 
generation of flaws such as cracking etc.  
 

 

  
 

  
 

 
 

Fig. 3. (a) Principal stress direction of deforming zone  
at each time: Max, middle and Min principle stress  
at 1.750e-4s. 

 
 

(3) Distribution of the Hydrostatic pressure at the 
specific moment. 

To study the surface hydrostatic pressure 
distribution while a single beating is finished, the 
specific moment is selected as 1.92e-3s. 
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Fig. 3. (b) Principal stress direction of deforming zone 
at each time: Max, middle and Min principle stress 
at 1.400e-3s. 

 
Fig. 3. (c) Principal stress direction of deforming zone 
at each time: Max, middle and Min principle stress 
at 1.925e-3s. 

 
 
Definitions and codes of the node paths on the 

blank surface at the moment are given in the Fig. 5 (a): 
from top to down, 15 columns of nodes are selected, 
every column is taken as a path and the paths are 
coded from 1 to 15, nodes on every path are coded 
from 1 to 23. Values of the hydrostatic pressure of the 
nodes at the moment are shown in the Fig. 5 (b)  
and (c). 

From the Fig. 5 (b), the minimum hydrostatic 
pressures of path1 and path 2 occur at 11# 12# and 13# 
node, the maximum hydrostatic pressure changing 
gradient along the path is 70 MPa/mm, which is less 
than that of the nodes 4#~10#, i.e. 500 MPa/mm. The 

minimum values of Path 3 and Path 5 occur at 8#, 9#, 
15# and 16# node, the gradient of the nodes on the two 
sides is 1100 MPa/mm, which is bigger than that of 
the middle nodes 260 MPa/mm. The minimum values 
of Path 4 occur at 11#, 12# and 13# node, while the 
local minimum values occur at 8# and 16# node, the 
maximum changing gradient of 11#~13# node along 
the path is 100 MPa/mm, which is much smaller than 
the gradient of 8# and 16# node, i.e. 1100 MPa/mm. 
The maximum hydrostatic pressure changing gradient 
along the direction perpendicular to the Path 1-Path 5 
is 740 MPa/mm which occurs at 12# node. 
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(a) 1.75e-4s (b) 5.25e-4s (c) 1.05e-3s (d) 1.57e-3s 
 

 

  

 

 (e) 1.75e-3s (f) 1.92e-3s  
 

Fig. 4. Hydrostatic pressure distribution at each time. 
 
 

 

 

 
(a) Node paths and codes 

 

 
(b) Path 1- Path 5 

 

  
 

(c) Path 6- Path 10 
 

 
(d) Path 11- Path 15. 

 
 

Fig. 5. Hydrostatic pressure distribution of blank surface. 
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From the Fig. 5 (c), the minimum values region of 
the hydrostatic pressure on path 6~10 occurs at 6# and 
18# node, the gradient of the region is around  
1330 MPa/mm, which is much bigger than that of the 
middle nodes, i.e. 330 MPa/mm, the gradient along 
the direction perpendicular to the path is  
160 MPa/mm. 

From the Fig. 5(d), the minimum values region of 
the hydrostatic pressure on path 11-15 occurs at 6#-8# 
and 16#~18# node, the gradient of the region is around 
1330 MPa/mm, which is smaller than that of the 
middle nodes, i.e. 3040 MPa/mm, the maximum 
gradient along the direction perpendicular to the path 
is 4150 MPa/mm, which occurs at 12# node. 

From above mentioned, the minimum hydrostatic 
value region occurs at the sides of the raceway at the 
moment, and the gradients along the node path on the 
two sides are obviously greater than that of the 
raceway bottom. Too small hydrostatic pressure and 
dramatic changing of the hydrostatic pressure mean 
that the plasticity of the two sides is worse and the 
flaws are more prone to generate. In the end of the 
formed region, i.e. region that the roller just rolling 
out, the gradient of hydrostatic pressure along the 
direction perpendicular to the path reaches a 
maximum, so flaw of ripple texture is prone to 
generate in the region. 
 
 

4.2. Evolution of the Strain 
 

The compression strain is helpful to inhibit the 
micro defects, so there should be more strain of the 
type in a single beating. Here evolution and 
distribution of the 3-D strain of the deformation region 
will be studied. 

(1) Evolution of the principle strain over time  
Directions of the principal stresses at different 

points of the contacting region at different moment are 
given in the Fig. 6, from left to right is the maximum, 
middle and minimum principle strain.  

From the Fig. 6, strain in the raceway deforming 
region is increasing with time, while the directions of 
there principle strains remain unchanged: the 
maximum and middle principle strains are of 
stretching and the minimum is of compressing. 
Though the strain state is not performing as well as 
that of 2-D compressing and 1-D stretching, the 
deforming region is of 3-D compressing stress state in 
the deforming process, the strain state has little effect 
on forming quality. 

(2) Distribution of strain in specific moment  
Considering stretching and compressing directions 

of strain are different at different positions of the 
contacting surface in a single beating, according the 
different direction, the deforming region is divided 
into three types, which are shown in the Fig. 7-Fig. 9. 

(1) Axial stretching, tangential stretching and 
radial compressing Central part of lead screw 
raceway, i.e. 1# region, is under a principle strain state 
of axial stretching, tangential stretching and radial 
compressing. The axial stretching strain is the 

maximum, radial compressing strain is the minimum. 
The strain directions on the left side of the 
symmetrical surface in the region are given tin the Fig. 
7(b)~(d). 

 
 
 

  
 
 

 
 
 
 

 
 
 

Fig. 6. (a) Principal strain direction of various times: Max, 
middle and Min principle strain at 1.750e-4s. 
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Fig. 6. (b) Principal strain direction of various times: Max, 
middle and Min principle strain at 1.400e-3s. 

 
Fig. 6. (c) Principal strain direction of various times: Maxi, 

middle and Min principle strain at 1.925e-3s. 
 
 

(2) Axial stretching, tangential compressing and 
radial stretching The 2# region is near the position that 
the roller rolls out of the raceway deforming region, 
which is under the strain state of axial stretching, 
tangential compressing and radial compressing. The 
radial compressing is the maximum principle strain, 
while the tangential compressing is the minimum. The 
strain directions on the left side of the symmetrical 
surface in the region are given tin the Fig. 8(b)-(d). 

(3) Axial compressing, tangential stretching and 
radial stretching Sides of the raceway forming region 
are defined as 3# region, which is under the strain state 
of radial stretching, tangential stretching, axial 
compressing. The radial stretching principle strain is 
the maximum, while the axial compressing is the 
minimum. Strain directions on the left side of the 
symmetrical surfaces in the region are given in the 
Fig. 9(b)-(d). 
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From above, the 2# region is the position from 
where the roller rolls and beats out and is also the 
position the roller rolling into at the next beating. 
Form the Fig. 7(b) and 8(d), the beating-in position is 
of radial compressing strain and the beating-out is of 
stretching stain. While the second beating occurs, the 
strain state of the region changes from stretching to 
compressing, the strain gradient is obviously higher 
than the surrounding, which may help in generating 
ripple texture. The radial strain gradient of the 3# 
region is obvious and is of stretching strain, flaws are 
prone to generate. 

 
 

   
 

(a) 1# region (b) axial stretching 
 
 

  
 

(c) Tangential stretching (d) radial compressing 
 

Fig. 7. Principal strains of 1# region. 
 
 

 

2# Region 

  
 

(a) 2# region (b) axial stretching 
 
 

  
 

(c) Tangential compressing (d) radial stretching 
 

Fig. 8. Principal strains of 2# region 

5. Experimental Results 
 
Lead screw cold roll-beating experiments are 

carried out on CA6140 lathe, the roller material is 
GCr15, its rotating speed is 1000 rpm, the work 
material is aluminum, rotation speed of the work is  
10 rpm. Part of the formed work is shown in the  
Fig. 10 (a). From the Fig. 10 (b), there is obvious 
ripple texture on the raceway surface and flanging on 
the sides of the raceway. 

 
 
 

  
 

(a) 3# region (b) axial compressing 
 
 
 

  
 

(c) Tangential stretching (d) radial stretching 
 

Fig. 9. Principal strains of 3# region. 
 
 
 

 
 

(a) Lead screw formed in the experiment. 
 
 

           
 

(b) Ripple texture and flanging. 
 

Fig. 10. Cold roll-beating lead screw and defects. 
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According to the simulation results, flaw of ripple 
texture mainly occurs where the intermittent plastic 
deforming meets, while flanging mainly occurs at the 
top of the raceway sides, which is consistent with the 
experiment. Occurring of ripple texture and flanging 
is mainly due to the uneven gradients of the stress and 
strain, to improve the formed surface quality, 
following measures can taken in cold roll-beating. 

(1) Increasing the revolution speed of the roller or 
decreasing the circumferential feeding speed of lead 
screw, i.e. decreasing the feeding per roller. 

(2) Optimizing section shape of the roller to make 
the stress-strain gradient on raceway sides changing 
evenly. 

 
 

6. Conclusion 
 
In this paper, evolution of stress and strain in the 

deforming region in a single beating-forming process 
is studied through simulating a single beating of lead 
screw cold roll-beating to analyze and forecast the 
possible flaw occurring and some conclusions can be 
drawn. 

(1) In a single beating process, the direct 
contacting region is always of 3-D compressing stress 
state, and the hydrostatic pressure of the region is the 
maximum. 

(2) The raceway sides are of stress state of 2-D 
stretching & 1-D compressing or 2-D compressing & 
1-Dstretching, the hydrostatic pressure of the region is 
the minimum, the hydrostatic pressure gradient is 
obviously bigger than that of the raceway bottom. 

(3) The whole blank surface deforming region is of 
compressing stress state, the direction of the raceway 
surface compressing strain is perpendicular to the 
surface, which assures that the final formed raceway is 
of residual compressing strain and the overall 
performance of the lead screw is improved. 

Simulations and experiments show that ripple 
texture mainly occurs where the intermittent plastic 
deformations meet, the main factor affecting flaws of 
ripple texture and flanging occurring is the dramatic 
changing of stress gradient, the unevenness of stress 
gradient can be weakened through decreasing feeding 
per roller and optimizing the roller section shape. 
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Abstract: For measuring the deflections of the microcantilever biosensor, a reflective grating microcantilevers 
based on SOI were designed and fabricated, a high precision optical readout approach based on diffraction 
spectrum balancing feedback control was presented. The diffraction spectrum image was collected by a 12-bit 
digital area array monochrome CCD. According to the sum gray value of the image which subtracted each other at 
the balancing position and bending position to control a high precision motorized rotation stage revolve make the 
sum gray value remained in the balancing position always, then the motorized rotation stage revolving angle is just 
the cantilever bend angle. The resolution of motorized rotation stage is 35  10-6 deg, the system practical 
measurement resolution is 1  10-4 deg, that is to say, for a length of 250 um microcantilever, the tip measure 
resolution is up to 0.043 nm. Measurement results clearly demonstrate that this reflective grating microcantilever 
biosensor and this read out method has enormous potential application prospect in biological detecting.  
Copyright © 2013 IFSA. 
 
Keywords: Reflecting grating, Microcantilever, Diffraction, Feedback balancing, CCD. 
 

 
 
1. Introduction 
 

Microcantilevers have been proved to be quite 
versatile and sensitive devices and have been used 
mainly in the trace detection of bio-chemical materials 
[1]. A micro cantilever biosensor developed is a 
device that can act as a physical, chemical or 
biological sensor by detecting changes in micro 
cantilever bending (static operation mode) or 
resonance frequency shift (dynamic operation mode) 
[2-6]. Compared with conventional ELISA or 
immunofluorescent assay, the microcantilever 
biosensor has the advantages of label-free operation,  

 
fast detection, and low cost. The specific interaction 
between the recognition molecules and the target 
biomarkers generates surface stress in microcantilever 
and in turn the deflection of the microcantilever [7]. 
The deflections of the microcantilever biosensor are 
usually of the order of few tens to few hundreds of a 
nanometer. Such extremely low deflection require 
high advances instrument for accurately measuring 
the deflections. As a consequence, most of the 
applications of microcantilever biosensors are done in 
laboratories equipped with sophisticated deflection 
detection and readout techniques [8]. 

http://www.sensorsportal.com
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Now the deflections can be measured using 
optical, piezoresistive, piezoelectricity and other 
readout methods [9-12]. However, a great discrepancy 
was not been avoided by piezoresistive readout or 
piezoelectricity because the tolerances of electronic 
components, wiring and the temperature affect [13]. 
Optical lever is the commonly used method [14-20], 
optical fiber reflective intensity [21-22], 
interferometric and diffraction-type [23-24]. But in 
common used optical readout the bulky and expensive 
apparatus is not absent [25]. 

In this paper, a reflective grating microcantilever is 
designed and fabricated; a high precision effective 
optical readout approach based on diffraction 
spectrum feedback balancing control was proposed. It 
has been validated by means of experiment that the 
proposed method is effective in increasing the 
sensitivity, resolution and improving measuring 
range. 

 
 

2. Microcantilever Design and Fabrication 
 
The sensor includes a reflective grating 

microcantilever and support silicon substrate. Au was 
sputtered on the SiO2 as grating reflective material; 
also it was functionalized with thiol compounds as 
biological molecular sensitive layer. Specific 
interactions between the analytes and thiol 
compounds induce an apparent surface stress change 
and micromechanical bending of the cantilever. In 
order to get high sensitivity test by grating 
interference and diffraction, the mainly impact factors 
are the elastic coefficient of cantilever, grating 
constant and the total number of slots of grating. The 
cantilever was designed to be rectangular and 
featuring a dimension of 250 um × 50 um × 0.4 um, 
grating constant d is 40 um, in which a equals to b. The 
microcantilever sensor is in static working mode and 
requirements as far as possible in the state level 
without warping or drooping, in order to reduce the 
internal stress of buried oxide high temperature rapid 
thermal annealing process is necessary [26]. 

The cantilever was fabricated from a SOI wafer 
using a series of bulk silicon process. The main steps 
of the process flow were depicted in Fig. 1 and 
described as follows. Firstly, a SOI wafer was papered 
and cleaned (Fig. 1a), all the device layer was 
removed by isotropic etching using ASE system  
(Fig. 1b). In order to get reflective layer and 
bio-sensing layer, a Cr/Au layer with 30 nm Cr and 
50nm Au was evaporated on the buried oxide layer 
using the ion sputtering system. (Fig. 1c). 
Lithography, defined metal grating shape and formed 
grating structure by stripping (Fig. 1d). Then, 
definition of cantilever beam shape and release 
window of the mask pattern, RIE SiO2 down to the 
silicon substrate (Fig. 1e). At last, ASE system was 
employed to anisotropy etching Si 10 um and then 
isotropy etching Si 25 um to release the cantilever 
(Fig. 1f). Fig. 2 gives the designed process layout and 
the SEM image of the reflective grating 

microcantilever which was fabricated, cantilever 
beam bending upward much maybe due to the stress is 
not released thoroughly in the process of high 
temperature rapid thermal annealing. 

 
 

 
 

Fig. 1. Fabrication process of the reflective  
grating microcantilever. 

 
 
 

 
 

Fig. 2. (a) The designed process layout of the 
microcantilever. (b) The SEM image of the reflective 

grating microcantilever. 
 
 
3. Read out Method 
 
3.1. Light Source Characteristic 
 

In this test system, the light source is 650 nm 
semiconductor laser. In order to get it’s actual 
characteristic, the spectrometer was measured. The 
fiber plug FC/PC of the light source was inserted into 
the plug of the spectrometer and start-up the system 
.then the practical tested spectrogram of laser was got 
as in Fig. 3. From the Fig. 3, it describes the light 
source distribution, the central wavelength is just the 
650 nm and the width is just about 10 nm. 

 
 

3.2. Self-focusing Lens Collimator 
Characteristic  

 
The mini collimator is a mini GRIN fiber lens, 

which was fabricated by a suit of unique techniques. 
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Compared with conventional collimator the mini 
collimator has the advantages of simplification, 
smaller optical spot size, high coupling efficiency, 
undergo higher light power and lower echo ullage. 
The light out from the collimator is Gaussian 
distribution, so at the appropriate distance we can 
regard it as parallel light. An experiment principle 
schemes was setup for getting the spot size as in  
Fig. 4. Light out from the 650 nm laser though a fiber, 
though a self-focusing lens collimator, (a filter lens 
which was used to reduce the intensity), an imaging 
lens to CCD. The CCD is 12 bit and has 659  494 
pixels, each pixel is about 9.9 um  9.9 um. The 
practical tested photo of the collimator spot can be 
seen in Fig. 5, in which Fig. 5(a) is the result of 
without filter lens, and Fig. 5(b) with filter lens.  
Fig. 5(a) shows that too high intensity light make the 
CCD saturation and the light of CCD lens reflected 
light and incident light interference generate the 
diffraction rings. Fig. 5(b) shows that with filter lens 
the light was reduced, CCD is not saturate, the white 
square box is 20 pixels, so the spot is about 200 um, 
that is to say, the mini collimator is good fit for 
detecting the deflection of the cantilever. 

 
 

 
 

Fig. 3. The practical measured spectrogram  
of the 650 nm semiconductor laser. 

 
 

 
 

Fig. 4. The sketch map of the collimator facular test. 
 
 

 
 

Fig. 5. The practical tested photo of the collimator spot. 

3.3. The Principle and Experimental System  
 
Fig. 6 shows the sketch map of transmission 

grating diffraction, G is a grating ,the grating constant 
is d, diffraction angle is  , grating number is N, P is 
the receiving screen which at the focal distance of L2 

lens. According to Huygens-Fresnel principle, POE  is 

a single slit diffraction zero order center geometric 

image point diffraction amplitude, POI  is a single slit 

diffraction zero order center namely geometric image 

point of the diffraction intensity, PE   is N slits 

interaction at P  diffraction amplitude can be 

expressed as (1): 
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I
P  is the N slits interaction at the P  diffraction 

intensity can be expressed as (2): 
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wavelength of the light source. 
 
 
 

 
 

Fig. 6. The sketch map of transmission grating diffraction  
 

 
According to the extreme value of interference 

factor 
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0
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 can get sin 0  , 

sin 0N   and tan tanN N  ,  
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when sin 0   get the main maximum value 
2sin 2
2sin

N
N






, The main maximum condition 

is k  , then can get sind k   is the famous 

grating equation. Under such conditions, the I
P  is N 

slits interaction at P


 diffraction intensity can be 

expressed as (3): 
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(3) 

 
According to the expression (3), the slot number N 

is bigger, interference stripe is brighter and sharper 
greatly. 

When sin 0N   get the minimum value, 

minimum conditions is: k

N

   , sin
k

d
N


  , In 

which, integer
k

N
 . When tan tanN N   get 

secondary maximum. 
According to the above analysis, Fig. 7 shows the 

Grating diffraction intensity distribution curve.  
 
 

 
 
Fig. 7. Grating diffraction intensity distribution curve. 

 
 
In this paper, the grating is working on reflective 

mode, but all above is applicable according to optical 
symmetry principle. Fig. 8 is the sketch map of light 
when the reflective grating cantilevers bend down. In 
the initial state, grating constant is d a b  and the 
incident light angle is  . If the cantilever beams 

bending angle is . When  is small, do not consider 
the cantilever beam deformation and approximating 
that of cantilever beam is a rigid body, only around the 
fixed end to rotate an angle, then get 

' cos( )a a    , ' cos( )b b    . In this paper, the 

grating is working on reflective mode, but all above is 
applicable according to optical symmetry principle. 
Fig. 8 is the sketch map of light when the reflective 
grating cantilevers bend down. In the initial state, 
grating constant is d a b  and the incident light 
angle is  . If the cantilever beams bending angle 

is . When  is small, do not consider the cantilever 
beam deformation and approximating that of 

cantilever beam is a rigid body, only around the fixed 
end to rotate an angle, then get ' cos( )a a    , 

' cos( )b b    . If other parameters unchanged, 

the variation of light intensity sensitivity can be 
expressed as (4): 
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Further simplification can be expressed as (5): 
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O
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I
  


  

 

(5) 

 

Expression (5) is a tan   monotone decreasing 
function, in order to increase the sensitivity of the 
system, should adjust the angle of incidence of the 
light beam and make it as close to perpendicular to the 
incident. 

 
 

 
 

Fig. 8. The sketch map of light when the reflective 
grating cantilevers bend down. 

 
 

In order to getting the cantilever biosensor 
sensitivity, a test system was set up as in Fig. 9. The 
cantilever biosensor was fixed on a PI M-038 
precision motorized rotation stage which minimum 
resolution is 3510-6 deg. The light source is 650 nm 
laser which was traveled through a fiber with a min 
fiber GRIN collimator was connected make the light is 
parallel nearly. When adjust collimator and the 
precision motorized rotation stage make beam angle 
of incidence to the cantilever is  just. A filter lens and 
one image lens was fixed in front of a 12-bit digital 
area array monochrome CCD. Each pixel gray value 
range is 0 to 4095. We adjust the devices at 
appropriate position and angle, the diffractive speckle 
image of the reflective grating was collected by the 
CCD, and then it was sent to the computer. In the 
initial balancing position, the diffraction stripes of the 
grating at the center of the image, if the 
microcantilever bends up or down, then the diffraction 
stripes of the grating move to the left or right. Fig. 10 
(a) shows the diffraction stripes of the grating at the 
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center of the image. Using Matlab calculate the sum 
gray value of the image which subtract each other at 
the balancing position and bend position, then 
according this sum gray value to precision control the 
motorized rotation stage make the sum gray value go 
back to the balancing position always, the revolving 
angle of the motorized rotation stage is also just the 
cantilever bend angle. This feedback balancing 
control method can get high sensitivity and high 
resolution. 

 
 

 
 

Fig. 9. The sketch map of the feedback balancing 
control read out method. 

 
 
4. Results and Discussion 

 
The diffraction stripe of the grating at the center of 

the image which was collected by CCD and sent to the 
computer is shown as Fig. 10 (a). From this image we 
can see the center two bright stripes overlapping 
partly; this is because the reflective grating 
microcantilevers bend upward in the initial balancing 
position. When the microcantilever bends up or down, 
then the diffraction stripes move to the left or right. 
The moving distance is relevant to the microcantilever 
bend angle and other geometric parameters, for 
example, the distance and angle from the CCD to the 
reflective grating, the pixel size of the CCD, and so on. 
So, it is very difficult to measure the angle of the 
microcantilever which caused by weak deformation. 
In this paper, a feedback balancing position testing 
control method was proposed. First, we test the noise 
of the system, in the initial balancing position, nothing 
to do, just collect the two diffraction stripes images of 
the grating successively, and then the result of the two 
images difference is shown as Fig. 10(b). This result is 
means the noise is in proportion to the sum of the gray 
value. From Fig. 10 (b) the difference is obvious. Sum 
value is 1700871, the noise come from the 
environment vibration noise and CCD electrical noise, 
because the system was set up in the laboratory in the 
6 floor. When the microcantilever is unchanged, only 
control the precision motorized rotation stage rotate 
0.0001, 0.001, 0.01 and 0.1 deg respectively, and 

collect the image of diffraction stripes respectively. 
The Fig. 10(c) - Fig. 10 (f) is the results of the rotated 
image subtract the image in the initial balancing 
position. The Table 1 is the sum of the gray value 
corresponds to Fig. 10. From these results, we can find 
change obviously when the rotate angle change more 
the difference white area is more, and the gray value is 
greater. In the actual test, the specific interaction 
between the recognition molecules and the target 
biomarkers generates surface stress in microcantilever 
and in turn the cantilever is bend up gradually, if 
keeping the motorized rotation stage static, then find 
diffraction stripes of the grating the moving keep up 
with the cantilever bending up gradually like as  
Fig. 10(c) - Fig. 10(f). When the motorized rotation 
stage was controlled rotating around opposite 
direction accurately keep the current image is same as 
the initial balancing position image always. The rotate 
angle is just the cantilever bend up angle. This is 
called feedback balancing control method. This 
method can get high sensitivity and resolution. The 
step of motorized rotation stage is 35  10-6 deg, but in 
the practical test, 1  10-4 deg can be got because the 
noise which come from the environment vibration 
noise and CCD electrical noise, that is to say a 250 um 
long cantilever, the tip measure resolution is almost  
0.43 nm. 
 
 

 
 

Fig. 10. The diffraction spectrum of the reflective  
grating cantilever. 

 
Table 1. The sum of gray value of different rotate angle. 
 

Rotate angle (deg) Sum gray value 
0 1700871 
0.0001 1731817 
0.001 3133450 
0.01 6235451 
0.1 12404001 
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5. Conclusions 
 

This work described a reflective grating 
microcantilever biosensor designed and fabricated 
process. A novel optical read out method based on 
diffraction spectrum balancing feedback control was 
proposed. The practical measurement resolution of the 
system is 1  10-4 deg, that is to say, for a length of  
250 um microcantilever, the tip measure resolution is 
up to 0.043 nm. Measurement results clearly 
demonstrate when the suitable receptor was 
immobilized on the surface of microcantilever, this 
method is suit for using much biochemical detection 
in the further research. 
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Abstract: How to guarantee high image quality is the key point when converting standard-definition television 
(SDTV) images to high-definition television (HDTV) images. Unfortunately, the change of pixel shape from 
rectangular to square makes traditional interpolation methods inappropriate because traditional methods are based 
on integer coordinates. In this paper, a novel interpolation algorithm using center coordinates of pixels (IAUCCP) 
is proposed. The color value of each pixel on HDTV images is revised by correcting the pixel’s xy coordinates. 
Considering the huge enlarging multiples, sharpening treatment is done to the HDTV images after interpolating. 
Experiments show that our method greatly improves the HDTV image quality comparing with traditional 
interpolation algorithms. Copyright © 2013 IFSA. 
 
Keywords: Center coordinates of pixels, Bilinear interpolation, Image zooming, HDTV, SDTV. 
 
 
1. Introduction 
 

Standard-definition television (SDTV) refers to 
the well-known TV system which is broadcast in most 
families nowadays, and high-definition television 
(HDTV) is the new broadcasting system designed to 
take the place of SDTV at home in the near future [1]. 
China has used HDTV signals to record and transmit 
the 2008 Beijing Olympic Game videos, and it is a 
development trend to go to the HDTV era [2]. 
Therefore, how to convert the SDTV signals to HDTV 
signals so that the HDTV equipment can use SDTV 
videos becomes urgent.  

To solve this problem, the first step is to convert 
the SDTV images to HDTV images, which is the goal 
of this paper. In Phase Alternating Line (PAL) 
standard, SDTV can be broadcast in 720 pixels × 576 

lines with 4:3 aspect ratio (16:15 rectangular pixel), 
while HDTV is broadcast in 1920 pixels × 1080 lines 
with 16:9 aspect ratio (1:1 square pixel) [3], shown as 
Fig. 1. The change of pixel shape from rectangular to 
square makes traditional image enlarging algorithms, 
such as nearest neighbor interpolation, bilinear 
interpolation and spline interpolation [4], 
inappropriate to convert the SDTV images to HDTV 
images directly, because traditional methods are based 
on that the pixel shape remains the same before and 
after interpolating. 

To solve the problem of converting SDTV images 
to HDTV images, and consider the change of pixel 
shape from rectangular to square, a new interpolation 
algorithm using the center coordinates of pixels is 
proposed. The color value of each pixel on HDTV 
images is revised and the image quality is improved 
by correcting the pixels’ xy coordinates.  

http://www.sensorsportal.com
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2. Pre-treatment for SDTV Images 
 
To ensure that no distortions occur after the 

conversion, pre-treatment is done to SDTV images 
before the interpolation. There are many methods, 
such as black paste, image clipping, linear 

deformation, nonlinear deformation and so on [5]. In 
this paper, 85 lines of pixels at the top and 86 lines of 
pixels at the bottom of the SDTV images are clipped, 
and the rest 405 lines are kept so that the aspect ratio is 
720:405 (16:9), the same as the HDTV’s. Fig. 2 shows 
a SDTV image [6] after the pre-treatment. 

 
 

 
 

Fig. 1. Example of a SDTV image inserted in a HDTV image. 
 

 

 
 

Fig. 2. A SDTV image after the pre-treatment. 
 

 
3. Interpolation Algorithm Using Center 

Coordinates of Pixels (IAUCCP) 
 

When doing interpolation in color images, a 
pixel’s color value is a function of its x and y 
coordinates, and the pixel’s color value after 
interpolating is determined by its 
4-neighborhood-pixels’ coordinates and color values 

before interpolating [7]. As for converting SDTV to 
HDTV, just as we have referred, the pixel shape is 
changing from rectangular to square, and this strongly 
questions the accuracy of traditional integer 
representation of the coordinates. As we know, to 
locate an object by one single point, choosing the 
center of gravity is the most accurate. According to 
this, we switch to use the center coordinates of pixels 
as the variables of the interpolation function. 
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Theoretically, the improvement in accuracy of the 
coordinates can finally improve the color quality of 
HDTV images, and prevent image distortion. Next, 
we will compute each center coordinates of SDTV and 
HDTV pixels, and then give the interpolation 
algorithm.  
 
 

3.1. Center Coordinates 
 

First of all, the center coordinates of SDTV image 
pixels are calculated after image clipping. Obviously, 
if the 4-neighborhood-pixels’ coordinates are 
expressed as (0, 0), (1, 0), (0, 1), (1, 1) by traditional 
methods, they become (1/2, 1/2), (3/2, 1/2), (1/2, 3/2), 
(3/2, 3/2) when using center coordinates 

representation. Followed by analogy, it’s easy to 
know that the center coordinates of row m and column 
n are ((2n+1)/2, (2m+1)/2). 

Secondly, the center coordinates of HDTV image 
pixels are calculated. To get the color value of each 
HDTV pixel, the corresponding position of HDTV 
pixels in the SDTV image need to be known. By 
mapping HDTV images to SDTV images (Fig. 3), we 
can compute the corresponding coordinates according 
to their resolution ratio. For example, the center 
coordinates of the 4-neighborhood-pixels on the upper 
left corner are (3/16, 3/16), (9/16, 3/16), (3/16, 9/16), 
(9/16, 9/16). Followed by analogy, it’s easy to know 
that the center coordinates of row m’ and column n’ 
are ((6n'+3)/16, (6m'+3)/16). 

 
 

 
 

Fig. 3. A mapping from HDTV images to SDTV images. Black grids and points represent HDTV pixels  
and their center coordinates; red girds and points represent SDTV pixels and their center coordinates.  

There are 120 similar parts in each SDTV image. 
 
 
3.2. Interpolation Algorithm Using Center 

Coordinates of Pixels 
 

Interpolation should be done to RGB values 
separately [8]. Taking red for example: to compute the 
red value of the row m' and column n' HDTV pixel: 

' 'm nB  (Fig. 3), the position of the pixels must be 

firstly mapped to the SDTV image. Just as we have 

referred, ' 'm nB ’s center coordinates are ((6n'+3)/16, 

(6m'+3)/16), and the center coordinates of its 

4-neighborhood-pixels: mnA , ( 1)m nA  , ( 1)m nA  , 

( 1)( 1)m nA    are 2 1 2 1
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Now we get the red value of the row m' and column 

n' HDTV pixel. Because that the selection of ' 'm nB  is 

not a special case, this method can be extended to all 
HDTV pixels. 

Furthermore, the same method can be used to 
compute the green values and blue values, and finally 
get the color values of all HDTV pixels. Therefore, the 
conversion of SDTV images to HDTV images is 
complete. 
 
 
4. Post-treatment of HDTV Images 

 
Considering the huge enlarging multiples, we 

should do sharpen treatment to the HDTV images 
after the interpolation. Here we use a 3  3 sharpening 
template [10] as follows: 
 

 

1 1 1
1

1 15 1
7

1 1 1

   
   
    

 (2) 

 
 
5. Experiment Results and Analysis 
 
5.1. Experiment Design 
 

A SDTV image (Fig. 2) is chosen to do the 
experiments. To evaluate the effect of our method, we 
convert the chosen SDTV image to two HDTV images 
by the traditional bilinear interpolation algorithm and 
by IAUCCP separately, and then compare their image 
qualities. 
 

5.2. Results and Analysis 
 

Fig. 4 and Fig. 5 show the experimental results. 
Because of the limit of the article space, we can only 
show a part of both HDTV images. Fig. 4 is the HDTV 
image converted by the traditional bilinear 
interpolation algorithm, and Fig. 5 is the HDTV image 
converted by IAUCCP. 

As can be seen from Fig. 4 and Fig. 5, the HDTV 
image converted by the traditional bilinear 
interpolation algorithm has an obvious mosaic trace 
and fuzzy image edges, while comparably IAUCCP 
converts the SDTV image to a clear and natural 
HDTV image. The image quality of Fig. 5 is much 
better than that of Fig. 4. 

 
 

6. Conclusions and Future Work 
 

In this paper, we have presented: (1) the need to 
convert SDTV images to HDTV images, and the main 
difficulty to do so because of the change in pixel shape 
from rectangular to square, (2) an interpolation 
algorithm using center coordinates of pixels 
(IAUCCP) to solve this problem and why the 
algorithm is effective to get high-quality images, and 
(3) pre-treatment of SDTV images and post-treatment 
of HDTV images. Experimental results show that 
IAUCCP can successfully accomplish the image 
conversion and is superior to the traditional bilinear 
interpolation algorithm. 

The pursuit of high-quality HDTV images is 
never-ending. In our future work, we will: (1) apply 
the “center coordinates of pixels” idea to other 
interpolation algorithms, and do some experiments to 
evaluate them, (2) achieve to convert 25 SDTV 
images to HDTV images per second by hardware 
methods, so that the HDTV equipment can broadcast 
SDTV videos in real-time. 

 

 
 

 
 

Fig. 4. The HDTV image converted by traditional bilinear interpolation algorithm (part of it). 
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Fig. 5. The HDTV image converted by IAUCCP (part of it). 
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