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Abstract 
Some basic algorithms and theories are discussed for 9-shaker random vibration test control in 

this paper. A correct algorithm RMS is presented without considering influence of cross spectrum. The 
algorithm can make the control spectrum of convergence stably and fastly. In order to solve the problem 
of multiple-point input and output synthetically weighting control, Finite Markov Chains and Algorithmic is 
set forth for the first time to form the main control matrix. Finally through Matlab simulation and the results 
show that the method can meet the engineering demand. 
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1. Introduction 

Shaking table has been considered as a very important experimental devices in 
engineering research,it can well reproduce the dynamic process of earthquakes in the lab and 
get a large amount of data, and also shorten the test cycle,the earthquake simulation shaking 
table is means and method to multiple-point input and output vibration test, recently, more and 
more attention from scholars [1, 2]. In order to response signal, sensors are placed on test 
specimen. Compared with set of reference signal, modification of drive signal through 
feedback, make it meet precision requirement [3]. Because of the different parts of the 
specimen vibration response different, hence, the different parts of the specimen in real more 
than the number of measuring point vibration table, the result bring about frequency response 
matrix is not square, this has brought great difficulties to feedback control [4, 5].  

In the early 1980’s, Small wood DO come up with multiple-point input and output 
random vibration control method [6], this method was used to do triaxial vibration test of Hill air 
force base in1989, Small wood DO Put forward mainly and secondary control theory in 1999. 
That is to say, using proper control algorithm, which all point matrix composed of important 
points in the priority in convergence.  

Some basic algorithms and theories are discussed for multi-shaker random vibration 
test control in this paper. A correct algorithm R M S is presented without considering influence 
of cross spectrum. Finite Markov Chains and Algorithmic is set forth for the first time to form 
the multiple-point input and output synthetically weighting control. Using Matlab/Simulink 
simulation, validation of this method has important theory and application value. 

 
 

2. The Basic Principle of Time Domain Randomization [7-10] 
Random wave driving signal generated By IFFT in the past,its generated random 

waves are Special kind of periodic signal, however, most of the signal is non periodic in 
practical engineering, in this paper, random drive signal is produced through time domain 
randomization, as shown in Figure 1. 

Where, ][nx : original sequence, ][nxi : reorder sequence after a half sine function, ][mxi : 
random wave driving signal. 
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3. Basic Formula 

The earthquake simulation shaking table array system is a typical multiple input 
multiple output system, input/output system spectrum matrix can be expressed such that: 

 
H

uuyy GGSS 
                                                                                                                (1) 

 
Where: 

yyS
: 99 response spectrum matrix 

99: uuS drive spectrum matrix 
G : frequency response matrix 

HG : conjugate transpose matrix of G  
The ideal driving spectrum In the specification: 

 
Hdd

u ARAS                                                                                                              (2) 
 

Where: 
R :reference spectrum matrix 
A :system compensation matrix(

1GA ) as shown in figure 2 
HA :conjugate transpose matrix of A  

According to Cholesky decomposition R and
dd
uS can be rewritten as: 

 
Hdd

u
H UUSLLR                                                                                                       (3) 

 
Where , U : drive signal (3) Plug in (2) function can be described as: 
     

             
HHHH ALALAALLUU )(                                                                                (4) 

 

According to the Cholesky uniqueness of decomposition,U can be rewritten as: ALU  , without 
considering the lack of the phase of R , suppose that: 
 

ALXU                                                                                                            (5) 
 

(3) Plug in (2) function yyS
can be described as: 

 

RLLGALLXXGAGGSS HHHHd
uuyy  ))()((

                                          (6) 
 

 Figure 1. The Basic Principle of Time Domain 
Randomization 
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Equation (6) is the basic formula of Array system for random vibration control system. 
 
 

 
 

 
4. Control Algorithm 
4.1. Proportion of RMS Correction Algorithms 

We can see that They are consistent between Response spectrum matrix of array and 
Reference spectrum matrix from function (5). You must first the frequency response matrix for 
identification if you want to get compensation matrix A in the practical engineering, Zhi fang-Fu 
study show that according to

1H the estimation model under the condition of low level white 

noise [11, 12], spectrum matrix can be described as:  
  

1

 uuyuSSG                                                                                                                                  (7) 

 
Where: 

^
G :Low level response spectrum matrix 
S୷୳:Cross spectrum matrix of Incentive and response 

1
uuS : incentives of Since the spectrum matrix 

Suppose

A =

1
G , plug it into the formula (5), drive signal can be written as:   

 

LXAU


                                                                                                              (8) 
 
Due to the existence of the error, so:     
 

IEIAG 


                                                                                                               (9) 
 

Where: 
I :unit matrix 
E :error matrix  

Formula (9) into the formula (1): The actual response spectrum matrix can be described as: 
 

HHHHHd
uuyy EILLEIAGLLXXAGGGSS )()())()(( 


                                                          (10) 

 

Feedback loop for error correction must be added because RSyy  . 

9-sub array reference spectrum can be written as:  
 

),(

),(

921

921






RRRdiag

LLLdiagL




                                                                                                              (11) 

 
Then the system output spectrum matrix yyS can be described as:  

 
H

yy EILLLdiagEIS ))(,()( 2
9

2
2

2
1  

                                                                            (12) 
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Figure 2. Compensation Matrix of Control 
System Diagram 
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Where: 
           L :diagonal matrix 
modification L can be written as:    
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Formula (13) into the formula (10): The output reference spectrum can be described as: 
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We put the formula (12) and (14) for unfold and tidy and ignore the second order 

dimensionless, )92,1(2  ii can be written as:    
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9-sub array of correction algorithm of RMS can be described as:   
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Where: 
          k :the number of  iterations.  
 
4.2. Based on a Finite Markov Chain Evolution Algorithm is the selection of Main Control 
Condition [13, 14] 

Maximum, minimum and weighted average of the three kinds of control mode are 
widely used in the multi-dimensional multi-point input and output random vibration test. 
Maximum control can ensure specimens security in the test process; The minimum control can 
make all of the measuring point tested in the process of test; weighted average of the control 
points for weighted comprehensive control according to the measuring point to the importance 
of the test.  

Maximum control: ),1,,,max( 321 cncccc SSSSS   

Minimum control: ),1,,,min( 321 cncccc SSSSS   

Weighted average control: )1(,
11

 


n

j
jcj

n

j
jc SS   

Where: 
cjS :since the spectrum signal of j control point 

j :weighting coefficient 

The number of control points is greater than the number of vibration table in 
engineering, system compensating matrix using pseudo-inverse matrix instead of, cause 
system can't control of driving signal stability. Based on lots of research and summarize, in this 
paper, select main control matrix of finite markov chain evolution algorithm, and got very good 
solution to this problem [15-17]. The method combined with RMS correction algorithm have 
good control performance and realize the request of comprehensive control. 

 
4.3. Control System Block Diagram 

Control system block diagram is illustrated in Figure 3. First according to specification 
give reference spectrum R ,  second cholesky decomposition R , according to select main control 
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matrix of finite markov chain evolution algorithm to select main control matrix and solve the 
compensation matrix. Then calculate the system drive signal in the frequency domain� through 
Fourier transform into drive signal,collection each control point of the respective control 
spectrum after a random signal incentive specimen, integrated the reference spectrum. The 
process cycle according to the error requirement. 

 
 

 
 
 
5. Matlab/Simulink Simulation Validation 

In this paper,we verify the correctness of the method by comparing the spectral density 
and RMS error in the 9- array system by Matlab/Simulink simulation. To simplify the calculation 
process based on the 2- array system ( mm 11  ) of Beijing University of Technology as an 
example. Random vibration test specification specified reference spectrum from the spectrum 
curve is illustrated in Figure 4, Weighted average control as an example validate control 
spectrum curve is illustrated in Figure 5. Control error are shown Table 1. 
 
 

Table 1. Three Point Maximum Control Error 
 Spectrum control 1 Spectrum control 2 

dB3 tolerance /% 1.5 8.4 
dB6 tolerance/% 0.0 0.81 

RMS value /g 0.740 0.790 
 RMS error /% -0.41 -2.30 

 
 
From table 1 We can see that test precision satisfies the requirement of control 

spectrum curve of the spectral density within ±3dB and root mean square error of less than 
10% of the technical index requirements. 

In Matlab/Simulink simulation, control frequency band from10Hz to 2000Hz, the 

reference spectrum of RMS were 0.70g and 0.74g, out of line OctdB /6 , respectively,  the 
maximum value control, minimum value control and weighted average control are used. 
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Figure 3. Control System Block Diagram
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(a) The first of reference spectrum 

 

 
(b) The Second of reference spectrum  

Figure 4. Specification Provided Reference Spectrum Curve 
 
 

 
 

Figure 5. Weighted Average Control Simulation Curve  
 

 
6. The Experimental Data and Results 
6.1. Experimental Data 

According to the above mentioned control thought and Using application software 
produced by Beijing university of technology autonomy. In the paper, select a four span 
continuous girder bridge as the prototype bridge,combination models for 4x40m, bridge span 
160m, the upper structure for the single box 3 rooms of reinforced concrete box girder, bottom 
structure for double reinforced concrete column type piers. To meet the needs of the 
experiment, the geometric scale ratio of 1:10, and through five table array simulation 
experiment to research carried out to verify the algorithm. Completed bridge model is 
illustrated in Figure 6, finite element model is Shown in Figure 7, White noise excitation in this 
test are illustrated in Figure 8. Measuring point arrangement of strain 72, 38 measuring point 
displacement and acceleration 24 points in the test. Layout of sensor are illustrated in Figure 9. 

 
  

 

Figure 7. Finite Element 
Model 

Figure 6. Completed Bridge 
Model 
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6.2. Experimental Analysis 

   
 

 
 
 
1 # to 4 # pier of the seismic response and finite element simulation of the test are 

illustrated in Figure 10.  
We can see from Figure 10 that between design spectrum and fitting spectrum 

consistency is better,the experimental results show that Meet the requirements of the test error 
and prove the correctness of the above control algorithm. 

3#pier design spectrum and fitting spectrum 4#pier design spectrum and fitting spectrum  

Figure 10. Design Spectrum and Fitting 
Spectrum 

1#pier design spectrum and fitting spectrum 2#pier design spectrum and fitting spectrum  
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7. Conclusion 
(1) Without considering cross spectrum conditions, the use of RMS correction algorithm is 

applied to the 9-array random vibration test, the results show that the convergence of the 
method is rapid, meanwhile, the method has a high theoretical value and practical 
significance.  

(2) In order to solve the problem of multiple-point input and output synthetically weighting 
control, Finite Markov Chains and Algorithmic is set forth for the first time to form the main 
control matrix. 

(3) This paper prove the method can meet the requirements of the error though using the 
Matlab/Simulink simulation and provides the reliable theory basis for engineering practice. 

 
 
Acknowledgement 

The author is grateful for the support of the National Natural Science Foundation of 
China (51278013), Thanks for Li-yong brother provide test data. 
 
 
References  
[1] Han Jun-wei, Yu Li-ming, Zhao Hui, et al. Study of Three State Controller of Seismic Simulating 

Shaking Table. Journal of Harbin Institute of Technology. 1999; 31(3): 21-23.  
[2] Wakasugi T, Watanabe T, Seto K. Multi mode vibration control and border band motion controlof 

three dimensional shaking table. Proceedings of the ASME International DesignEngineering 
Technical Conferences and Computers and Information in Engineering Conference DETC. 2005; 
1C: 2341-2348. 

[3] Blondet M, Esparza C. Analysis of shaking table-structure interaction effects during 
seismicsimulation tests. Earthquake Engineering & Structural Dynamics. 1988; 16: 473-490. 

[4] Crewe A, Taylor C, Mouzakis H, et al. The performance of the shaking table control systems atthe 
National Technical University of Athens. Bristol University and ISMES, Italy A.10th Int.Seminor on 
Earthquake Prognostics. Cairo. 1996. 

[5] Symans M, Twitchell B. System identification of a uniaxial seismic simulato. Proc. 12thEngineering 
Mechanics Conference. American Society of Civil Engineers, Reston, VA. 1998; 758-761. 

[6] Conte JP, Trombetti TL. Linear dynamic modeling of a uni-axial servo-hydraulic shaking 
tablesystem. Earthquake Engineering & Structural Dynamics. 2000; 29(9): 1375-140. 

[7] Chase JG, Hudson NH, Lin J, et al. Nonlinear shake table identification and control for near-
fieldearthquake testing. Journal of Earthquake Engineering. 2005; 9(4): 461-482. 

[8] Ozcelik O, Luco JE, Conte JP, et al. Experimental characterization, modeling and identificationof 
the NEES-UCSD shake table mechanical system. Earthquake Engineering & Structural Dynamics. 
2008; 37(2): 243-264. 

[9] Ozcelik O, Luco JE, Conte JP. Identification of the mechanical subsystem of the NEES-UCSDshake 
table by a least-squares approach. Journal of Engineering Mechanics-ASCE. 2008; 134(1): 23-34. 

[10] Feng Yongxin, Yang Tao, Yang Wenguang, Jiang Dongxiang. Study of Fault Diagnosis Method for 
Wind Turbine with Decision Classification Algorithms and Expert System. TELKOMNIKA Indonesian 
Journal of Electrical Engineering. 2012; 10(5): 905-910. 

[11] QU Wei-lian, ZH A Xiao-peng. Application of Minimal Control Synthesis Algorithm to Structural 
Vibration Control. Journal of Wu Han University of Technology. 2007; 29(1): 145-148.  

[12] Stoten DP, Gomez EG. Adaptive control of shaking tables using the minimal control 
synthesisalgorithm. Phil. Trans. Roy. Soc. London. 2005; 34 (9): 1171-1192. 

[13] Shimizu N, Shinohara Y, Sato E. New development of control method of shaking table withbi-linear 
structures. ASME Pressure Vessels Piping Div Publ PVP. 2002; 445(1): 75-82. 

[14] Stoten DP, Shimizu N. The feed forward minimal control synthesis algorithm and its applicationto 
the control of shaking-tables. Journal of Systems and Control Engineering. 2007; 221(13): 423-444. 

[15] Cai Xin-jiang, Tian Shi-zhu. Research Advances of Shaking Table Testing Method. Structural 
Endineers. 2011; 27: 42-46. 

[16] Wang Yan-hua, Cheng Wen-xiang, Chen Zhong-fan, Lu-fei. Construction of Unidirectional 
Earthquake Simulation Shaking Table. Special Structures. 2008; 25(2): 104-106. 

[17] Mardiyono, Reni Suryanita, Azlan Adnan. Intelligent Monitoring System on Prediction of Building 
Damage Index using Neural-Network. TELKOMNIKA Indonesian Journal of Electrical Engineering. 
2012; 10(1): 155-164. 

 


