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ABSTRACT 

Vibration is a physical phenomenon that normally occurs on any surface of machines or 

mechanical structures that driving motors are mounted on them. During operation, 

unexpected vibrations caused by motors are transferred to their mounting platform, which 

in turn, the whole machine or structure will vibrate. Vibrations on vessels and helicopters 

platform’s surfaces are typical examples for this phenomenon. 

In most of applications, the above-mentioned vibration affects the operation of precise 

equipment or devices installed on vibrating surface. The camera mounted on vibrating 

structure surface is unable to produce as neat image as expected. This study is aimed at 

designing the hardware and software based planar vibration compensation, used for camera 

installed on vibrating surface, in order to improve quality of image or video recorded. 

 

Keywords: Active vibration isolation, hardware and software based, video recorded, 

shaker table, mechanical compensation, mechanical compensator, video stabilization, 

accelerometer, voice coil actuator, PID algorithm, average algorithm, square errors. 
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  CHAPTER 1

INTRODUCTION 

1.1 Statement about Problem 

Cameras are being widely used in various applications for the purposes of recording video 

or taking pictures about the geography to build up the map for huge regions. In some 

applications, cameras are installed on stationary objects, while in other applications such as 

in activities of sky/sea observation or rescue; they are mounted on vibrating objects which 

are vessels or helicopters. These vibrating objects, where cameras are fixed to, will cause 

unexpected vibration to cameras. As a result, the images or video recorded will encounter 

blurring effect. Blurring effect occurs due to vibration of natural frequency of objects that 

camera is put on.  

 

 
Figure 1.1 Expected image recorded by camera 

 

 

Figure 1.2 Image blurred due to camera vibration 
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Moreover, image stability mode in recent lens is also not able to eliminate the photo’s 

noises from large magnitude and high frequency vibration. For typical example, in my test 

of using video stabilization algorithm alone at higher 8 Hz, there is less effective vibration 

elimination from an original image containing vibration on the left and a next adjacent 

image integrated stability algorithm on the right (Figure 1.3). In summary, it is vital to 

combine mechanical compensation and video processing to compensate the large 

magnitude of vibration at the high vibration frequency. 

 

 

 

Figure 1.3 Video comparisons between two experiments: with and without video 

processing at higher 8 Hz 

1.2 Objective of the Study 

 The system will be able to eliminate planar vibration using software and hardware 

methods which has its frequency of within 50 Hz, maximum displacement 

amplitude of within 2mm, and image blurring produced by camera would be 

reduced.  

 

Figure 1.4 Survey launch’s bow Z-axis vibration peak displacement spectrum with 

various rpm (James W.Lewis, October 1984)  
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Figure 1.5 Vibration level at stretcher fastening points in a UH-1H helicopter 

(Johnson, J. C., & Priser, D. B., September 1981) 

1.3 Scope of the Study 

 Designing an active vibration compensation system which isolates camera from 

vibration source of both vertical and horizontal directions, by means of producing 

planar displacements which have 180-degree phase shift against displacements 

caused by vibration source, in which two numbers of voice coil actuators are used 

as major devices.  

  Applying video processing to detect two-axis position changes in photos and then 

simply stabilize video by average algorithm. 
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  CHAPTER 2

LITERATURE REVIEW 

This chapter consists of two parts which present the recent researches of vibration 

compensation and some algorithms relative to camera stability. 

2.1 The Relevant Algorithms and Control Theories 

2.1.1 Acceleration data acquisition 

In order to collect the data of acceleration on axes, firstly, accelerometer is directly 

mounted on the vibration source where needs to be measured acceleration values. After 

that, Kalman filter is implemented to estimate the space of system based on current and 

pass spaces. From that, accelerometer’s measurement and process noise will be declined.  

 

The overall process to apply Kalman filter into the measurement of accelerometer is shown 

as follows.  

 

 Step 1: The equation of system state  

 

 

 
 

where 

F= state transition model. 

U=input signal _ gyroscope data. 

Var(w)= Q _ the process noise covariance matrix. 

Var(v)= R _ Variance matrix of measurement. 

Z= the observation of measurement.  

B= the control input model. 

 

 Step 2: The equation for estimation 

 

 

 
 

 Step 3: Update parameters (Kalman gain, the state observation and the error 

covariance matrix) 
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2.1.2 Modeling system and selecting control algorithm 

Normally, it is very necessary to model a mechanical and electrical system into math 

equations in order to simulate and control its operations later. There are three popular ways 

to look for the suitable model of system. The first is to directly find system’s state-space or 

transfer function through analyzing conservation energy for machines/robots. The second 

is to use System Identification Toolbox supported by Matlab to find indirectly out the best 

model according to ARX, ARXMAX or OE (Figure 2.2) and the final way is to 

approximate the function of system using Neural Network (Figure 2.3). 

 

Figure 2.1   The measurement of the pitch angle with applying and without applying 

Kalman filter (Reebbhaa Mehta, Daniel Fong, Mayapati Tiwari)  
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Figure 2.2 Finding the system’s transfer function by system Identification Toolbox in 

Matlab 

 

 

 
Figure 2.3 Finding the system’s transfer function by RBFN neural network 

(Zainuddin, Z., & Pauline, O., 2007) 
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Finally, PID or Fuzzy or some another algorithms can be used to adjust the error of 

acceleration on horizontal and vertical axes, they are simpler and easier to setup as well as 

to program following C language. 

 
Figure 2.4 PID controller for Pan-Tilt camera auto tracking (Lisun, 26/6/2012) 

2.2 Vibration Compensation Techniques and Equipment 

Although our system can follow object already, the picture quality is still poor due to 

natural frequency or disturbances affect which make it blur. Illustrated in Principles of 

Halcyonics Active Vibration Isolation Technology, there are two forms of anti-vibration 

control. The first is active vibration isolation and another one is active vibration control. 

 

  

(a)                           (b) 

Figure 2.5 (a) Active vibration isolation (AVI) and (b) Active vibration control (AVC) 

 

As shown in Figure 2.5 (a), suppose that u1 and u2 are the motions of the leg and tabletop 

respectively from their reference position. It is clear that the tabletop is isolated from 

vibration source by extending back and forth of the leg of table. In this situation, when u1 

displacement occurs, u2 displacement is still equal to zero. One example of this is to isolate 

camera from shaker table.  

In the contrast, active vibration control (Figure 2.6 (b)) is determined to compensate the 

excitation force by generating reaction force in the right place that fluctuation occurs. A 

motor made vibration suppression by using PZT actuator is one typical instance for this 

form. 

From there, we can summarize vertical and horizontal vibration compensation for camera 

by mechanical method is only conducted by active vibration isolation method because the 

source of vibration is the vessel’s floor with huge size. 
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2.2.1 Active vibration isolation system 

a. Negative stiffness system 

In 2012, some of researchers from Mechanical and Automatic Department, Ulsan 

university, Korea (Le, T. D., & Ahn, K. K., 2012) suggested using negative stiffness 

structure in combination with a pneumatic system to create the desired force control for 

low frequency excitations (< 5 Hz).  

 

Figure 2.6 Mechanical diagram of negative stiffness system 

 

The mass is moved from starting point to any position by the force F which is opposite to 

the movement. This leads to the compression at the two horizontal springs and then 

generates two vertical restoring forces acting on mass. Below is an equation of negative 

stiffness system 

 

 
 

The advantages of this structure are cost saving, simple, small value of stiffness and 

damping. However, the disadvantages are nonlinear property of stiffness as well as only 

low frequency compensation as the result of using pneumatic motor. Besides of that, the 

pneumatic motor is too much noisy, incompactness… 

b. Skyhook system 

One other method for this issue is skyhook semi-active control proposed by Karnopp. 

Force is created by manipulating the fluid flow of hydraulic damper.  Diagram of skyhook 

system is as follows 
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Figure 2.7 (a) Skyhook structure. (b) System equation (Yuyou Liu,2004)  

where 

Fc : is active control force 

k : the spring stiffness 

csky : skyhook damping coefficient 

 

 

Figure 2.8 The flow chart of vibration active isolation using skyhook theory (Yun-Hui 

Liu* and Wei-Hao Wu, 25/7/2013) 

 

Voice coil actuator - one of active dampers in the picture - is used to produce the desired 

damping force. The device is passive but the force at damper is controllable. 
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Figure 2.9 Active Isolation and Damping of Vibrations via Stewart Platform (Hanieh, 

A. A., 4/2003) 

c. Proof-mass actuator 

This one consists of a mass m which is linked with to a spring with k stiffness and a 

damper with damper coefficient c and a force actuator f. This actuator may be a pneumatic, 

magnetic or piezoelectric actuator. 

 

Figure 2.10 (a) Structure of proof-mass actuator and (b) Structure of an 

electrodynamic actuator (According to Vibration Control of Active Structures)  

 

In the picture, the voice coil actuator is excited by current I to produce reaction force T. 

The equation of above system is 

 
After Laplace transformation, we have 
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Most of recent active vibration compensation systems are made as this structure by the 

simplification in control, fast response time and easy integration of control algorithm. 

2.2.2 Dampers 

There are two types of dampers: one is passive dampers and the second is active dampers. 

a. Passive dampers 

Rubber bands or vibration absorbers for reducing of vibration level is integrated in many 

applications. 

 

However, the huge disadvantage of passive damper is that we cannot control it to 

effectively compensate the displacements or forces when vibration occurs because of the 

fixed spring and damper coefficients. 

b. Active dampers 

To compensate vibration by using active dampers, generating the opposite motion with the 

displacement of vibration is considered as the overall method. One voltage, current or 

pressure signal is implemented and then transferred it into the linear movement. MR, 

magnetic actuator and Piezoelectric Actuator are the three popular representations of this 

type. 

Firstly, MR active damper has similar working principle as conventional shock absorber, 

which is popularly used in vehicles, except that it is equipped with a magnetic coil. When 

magnetic coil is supplied with specific current, magnetic field appears in cylinder of MR 

damper, the MR fluid’s particles will be aligned and its state will be changed from liquid to 

semi-solid. The damping action is controllable by adjusting the current supplied to the coil. 

 

 
 

Figure 2.11 The overall structure and working principle of MR active damper 

 

MR Fluid damper is used to compensate vibration for vehicle where ESO algorithm 

control the torque supplied by MR damper. 
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Figure 2.12 Vibration suspension of vehicle system (Zhang, Z., Karimi, H. R., Huang, 

H., & Robbersmyr, K. G.,  20/5/2014)  
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Figure 2.13 The control diagram and the feedback result when ESO and MR damper 

is applied 

Similarly, piezoelectric actuator (ceramic piezoelectric material) controlled by voltage 

input to produce opposite motion is also installed in many structures to compensate 

vibration such as CCD camera or stable motor. 

 

  
Figure 2.14 Some applications of piezoelectric actuator 

Each equipment listed above has its distinct advantages and disadvantages as well as its 

own applications. After analyzing, below is a summary table for some typical actuators 

often used for anti-vibration system. 

 

Table 2.1 Comparison between various types of damping devices 

 

 
Magneto-Rheological 

Damper 

Voice Coil 

Actuator 

Piezoelectric Actuator 

Image 
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Magneto-Rheological 

Damper 

Voice Coil 

Actuator 

Piezoelectric Actuator 

Displacement

/ Stroke 

>55mm Up to 100mm Less than 1050m 

Force 
Depending on peak-to-

peak shock 

Up to 2000N Up to 10,000N 

Operating 

voltage 

Customized 4.84V to 36.8V Normal operating 

voltage of up to 200V, 

and high operating 

voltage of up to 1000V 

Frequency  10Hz Up to 200Hz Up to 4700Hz 

Compactness 

Large size Depending on 

required 

continuous force 

 

Cost - Medium Considerable 

Applications 

Shock absorbers; rotary 

brakes; clutches; 

prosthetic devices; 

polishing and grinding 

devices; etc.  

Down hole 

drilling; lens 

grinding; 

optics/optical 

focusing; 

scanners; valve 

opening and 

closing; 

shakers/vibrators 

Precision kitting 

machinery; braille 

machines; auto focusing 

mechanism in mobile 

phones’ camera; driving 

the flow- 

control diaphragm 

 

Based on Magneto-Rheological Damper’s working principle and mechanical structure, it is 

designed to function as shock absorber which is suitable for vehicle. As discussed above, 

the camera needs vibration isolation between vibration source and camera mounting 

bracket. In such case, Voice Coil Actuator and Piezoelectric Actuator prove to be the right 

choice for camera’s anti-vibration system. Moreover, since in my design, vibration 

magnitude is small and vibration frequency is not too high, voice coil actuator is selected 

to use.  
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  CHAPTER 3

METHODOLOGY 

 
The techniques for vibration compensation and image stability will be represented in this 

chapter comprising of anti-vibration mechanisms, data acquisition devices and control 

algorithms.  

3.1 Shaker Table 

Shaker table is designed and used to simulate planar vibration for testing the effect of 

vibration compensation system. Using two similar vibrator mechanisms installed in series, 

the shaker table produces necessary vibrations of vertical, horizontal or planar directions. 

Principle diagram of shaker table is illustrated in Figure 3.1, in which, the L-shaped 

bracket A which is allowed to horizontally slide by means of a linear bearing mechanism 

receives horizontal shaking forces for its corresponding movement; bracket B - which is 

fixed to shaker table top - is mounted to bracket A via another linear bearing mechanism, 

allowing this bracket to vertically slide when receiving corresponding shaking force. 

Finally, shaking actions of combined movements called planar shaking are obtained at 

table top where testing object will be put on. 

 

 

 
 

Figure 3.1 Principle diagram of shaker table 

 

The real shaker table and its major mechanical parts are shown in Figure 3.2a, 3.2b, 3.2c, 

3.2d. Being mounted on its steel frame is a 2-axis shaking mechanism which consists of 

two numbers of similar shaking systems installed in series, one for horizontal vibration and 

another for vertical one, using eccentric cam fixed to motor’s shaft. The eccentric cam will 

drive the cam follower which is in contact with it. Depending on mounting direction of 
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linear guide which contains linear bearing sliding on linear rail, corresponding movements 

will be produced when motor operates. 

 
 

(a) 

 

 
 

(b) 
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(c) 

 

 
 

(d) 

 

Figure 3.2 Shaker table 

 

3.2 Vibration Compensation Assembly 

Having similar mechanical design as the above-mentioned shaker table, the vibration 

compensation assembly is also equipped with two numbers of linear guides for vertical and 

horizontal travelling, but voice coil actuators are used for driving the movements instead of 

motors in combination with cam and cam followers, as shown in Figure 3.3a and Figure 

3.3b. 
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(a) 

 

 
(b) 

 

Figure 3.3 Vibration compensation assemblies 
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3.3 Data Acquisition and Control Devices 

Four numbers of H – bridge boards mounted on two plastic plates produce PWM signals 

for controlling the frequency of vibration and the acceleration of voice coil actuator, an 

ARM Cortex M4 processor collects all of data and executive programmed control 

commands and a small digital camera takes photos in vibration environment in order to 

check whether the vibrations are effectively overcome by mechanical compensation and 

image processing. The layout of those electronic devices on the system is presented in 

Figure 3.4. 

 

 
 

Figure 3.4 DAQ and control system 

 

Similarly, there are still three numbers of sensors applied to measure the necessary 

parameters for system as follows: 

 

 The first are two encoders used to read velocity of two motors and divide by 60 to 

root out the vibration frequency generated by motors. 

 The second are accelerometers mounted on two surfaces of vibration compensator: 

one is to measure the amplitude of vibration source and another is to check the 

effect of vibration compensation. 

 Reading the displacement of voice coil actuators, magnetic scales help to limit the 

motion of voice coil actuator following each axis.  

3.4 Control system – devices connection 

In order to accomplish the control functions as required, the control system is equipped 

with some electrical and electronic devices such as ARM Cortex control board, various 

types of sensors, H-bridge boards, motors, voice coil actuators,…etc. Shown below are the 

two diagrams illustrating in detail how devices are connected together (Figure 3.5 and 

Figure 3.6). 
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Figure 3.5 The connection diagram of shaker table 

 
In Figure 3.5 above, the two H - Bridge boards installed in shaker table are controlled by 

ARM Cortex M4 board to produce appropriate PWM signals for controlling speed of the 

two motors. 

 

 

Figure 3.6 The connection diagram of vibration compensator 
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The two accelerometers – which are used to measure acceleration values of vibration 

source and vibration compensator on two axes - are connected to ARM Cortex-M4 through 

I2C communication. Based on returned acceleration value, ARM board will generate the 

appropriate voltages to the two H – Bridge boards’ input in order to control the voice coil 

actuators’ movement on two axes.  

3.5 System Identification 

This sector is divided into two groups: one is to find the mathematical equation between 

the voltage and frequency for the vibration generation part and another is the relationship 

between voltage and acceleration for the vibration compensation. 

3.5.1 Voltage-frequency equation 

The main purpose is to know how much voltage must be supplied to H bridge boards’ 

input to achieve the expected frequency. Firstly, a sinusoidal voltage is provided from 

PWM pins of ARM Cortex-M4 for changing the velocity of motors. A next step is using 

ARM Cortex-M4 to read the pulses produced from encoder within the sample time of 10 

milliseconds and then convert them into the vibration frequency by dividing by 60. Finally, 

the data of voltage and frequency are imported to Matlab and then are used for identifying 

the transformation matrixes of MIMO or SISO models by Indent Toolbox completely 

integrated in Matlab.  

 

Figure 3.7 The overall process for collecting data of frequencies on two axes 

 

Below are some pictures which illustrate the achieved results for the horizontal and vertical 

axes. When the black curve line represents for the speed of vertical or horizontal axis 

motor, the purple curve line devotes for the equation model found from Matlab.   

 

 

Generating the 
sinosidual voltage 

Reading pulses 
from encorder 

Calculating the 
speed of motor 

every 10 ms 

Dividing speed by 
60 to receive the 

expected frequency 

Storing data of 
achieved frequecies 

in text files 



22 

 

 

Figure 3.8 Simulation of the best fit between the vertical-axis motor speed and the 

found model from Matlab 

 
 

Figure 3.9 Simulation of the best fit between the horizontal frequency and the model 

of system 

 

Based on those figures, the two equations for each axis in Z domain are rooted out as 

follows. 

 

 

 

 

1

44.92
*

1 (0.8099* )
verspeed vervolt

z



(82.37 % of best fit) 
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where 

vervolt    : the necessary input voltage for vertical motor. 

horvolt    : the necessary input voltage for horizontal motor. 

verspeed : the relevant  output speed of vertical motor. 

horspeed : the relevant  output speed of horizontal motor. 

3.5.2 The voltage and acceleration 

The way to find the relationship between voltage and acceleration is similar with the first 

sector; however, the different things are that the Kaman filter and the low pass filter with 

its cut-off frequency at 100 Hz (Ed Ramsden and Christopher Dix, 2003) are integrated to 

improve the performance of the found transfer function.  

The equation of low pass filter in discrete domain is given by 

 
 

In there, RC term is calculated by  

 
Where fc is the cut-off frequency of vibration, which means the frequency desired to start 

to eliminate noise. 

 

The equation of Kalman filter, helps to decline measurement and process noise, is 

illustrated as follows 

 
where 

 

 

 

 

 

 

 

After programming two filters in C code, the process of finding this equation is given as: 
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(80.38% of best fit) 

z: the current signal which contains noise 

K: gain of Kalman filter 

P: the error covariance matrix of the state estimate 

Q: the process noise covariance matrix 

R: zero mean Gaussian white noise 
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Figure 3.10 The process of collecting data for finding the relative equation between 

voltage and acceleration 

Shown below, namely Figure 3.11 and Figure 3.12 are the results of simulation in Matlab. 

In there, the real vertical or horizontal acceleration is shown in black curve line and the 

model found from Matlab is plotted in green curve line. 

 

 
 

Figure 3.11 Simulation of the best fit between the vertical acceleration and the 

transfer function model  
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Figure 3.12 Simulation of the best fit between the horizontal acceleration and the 

transfer function model 

 

Following the model found, the transfer function of each voice coil actuators in Z domain 

is as follows 

 

 

  
 

 
 

where  

 

vervolt    : the necessary input voltage for vertical voice coil actuator. 

horvolt    : the necessary input voltage for horizontal voice coil actuator. 

veracce   : the relevant output acceleration generated by vertical voice coil actuator. 

horacce   : the relevant output acceleration generated by horizontal voice coil actuator. 

 

Moreover, this process does not only inform how much voltage needs to supply for two 

motors to get the expected frequencies but also reveal the maximum frequency values of 

X-axis and Z-axis are able to be produced by the mechanical vibration generator. For 

instance, from the result shown in Table 3.1, the maximum frequency of X-axis and Z-axis 

is around 52 Hz and 70 Hz respectively when two motors are supplied a voltage of 23.760 

V for horizontal axis and 24.76 V for vertical axis. 
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Table 3.1 The relationship between input voltage and the relevant output acceleration 

in each axis direction 

 

            
 

3.6 Mechanical Compensation for Video Stabilization Using Accelerometers 

In this chapter, the way to eliminate the vibration source will be clearly presented 

including mechanism and misalignment acceleration compensation. 

3.6.1 Aligning the accelerations of an accelerometer to reference axes 

If the process of acceleration vector correction is not executed, it will lead the 

misalignment of current acceleration vectors with the ideal reference acceleration axes due 

to the non-coplanar location of accelerometers. Consequently, all of acceleration values on 

each axis will be wrong measured, which is clearly described in Figure 3.13.  

 

 

Figure 3.13 Simulation of the misalignment of accelerometer around Z-axis 
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It is assumed that the ideal values of acceleration on each reference axis are 5g. By the 

misalignment of  acceleration vectors compared to reference vectors (12 degrees around Z-

axis as in Figure 3.13), it is clear that the measured acceleration values according to X-

axis and Y-axis of accelerometer in this situation will always reduce by amount of 

0.1093g, from 5g to a lower of only 4.8907g. 

 

Another negative effect of the misalignment of axes on acceleration measurement is that 

two accelerometers will measure the various values of acceleration when they are located 

on the same surface and forced the same magnitude of acceleration. 

 

For apparent reasons above, the solution for this issue needs to be concern first before 

applying the methods for vibration compensation by mechanical system. 

      

Suppose that rotation matrix R that rotates vector a from unit vector b is what we are 

looking for. One equation called rotation matrix derivation is reprogrammed and embedded 

in C language shown as 

 

 
 

Where v = axb, s = ||v|| (sine of angle) and c= a.b (cosine of angle). Matrix v _ skew-

symmetric cross-product matrix of v _ is given by 

 

 
 

So far it is evident that if the result vectors are well known, it is easy to calculate rotation 

matrix based on the real values of acceleration and the value of known vectors. When my 

system is at the stationary point, the ideal aligned vectors of acceleration on three axes 

should be  

 
With 1 g force for Z-axis which is strongly affected by gravity and 0 g force at the 

remaining axes.  

 

As a result, it is better to use this vector as reference and calculate the angle misalignment 

at this initial point for two accelerometers. The final step is to multiply the current value of 

accelerations on three axes by the rotation matrix in order to obtain the true aligned values 

of acceleration on each axis.  

3.6.2 Vibration compensation with mechanical method 

The first job in the section is to identify the location of two accelerometers; after analysis, 

one is mounted on the vibration source and another is located on the top of camera.  

Next, creating the opposite motion with the direction of vibration source at the same 

magnitude of acceleration of vibration source is considered as the overall method for 
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mechanical compensation. Simultaneously, PID algorithm is integrated to stabilize and 

reduce the error of acceleration produced by two voice coil actuators.  

Finally, this mechanical compensation performance can be checked by error values of two 

accelerometers and the trends of SCADA interface (Figure 3.15). The Figure 3.14 

illustrates the mounting locations for the two accelerometers, as well as motions of the two 

voice coil actuators’ rotors which are shown with yellow arrows. 

 

 

 
 

Figure 3.14 Motion simulation of mechanical compensation system 

 

 
 

Figure 3.15 SCADA interface for configuring PID parameter and supervising 

accelerations in Microsoft Visual Studio 
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3.7 Video Processing for Image Stabilization 

After stabilizing by mechanical method, although the magnitude of vibration in image is 

considerably reduced; however, the vibration in recorded video is still existed. To solve 

this problem, then one video processing, with the major purpose is to collect the best video 

as much as possible, is applied.  

3.7.1 Theory on Euclidean (congruence) transformation 

Euclidean transformation, also called congruence transformation, is type of transformation 

in which the shape and size of object are maintained, but position and rotation angle of 

object are changed. It means that there will be three variants: deviation in X-axis named dx, 

in Y-axis named dy, and in rotation angle named da. The coordinate and rotation angle of 

reference object in Euclidean transformation is illustrated in Figure 3.16. 

 

 
 

Figure 3.16 Changes of coordinate and rotation angle in Euclidean transformation 

(Lund University) 

 

In Figure 3.16 shown above, the object’s updated coordinate after transformation is given 

by: 

 

Xp = X0 + xp*cos  - yp*sin  

Yp = Y0 + xp*sin  + yp*cos  

 

where 

 

X0 & Y0 are initial points in original coordinate 

xp & yp are the translation of initial points in (x,y) plane 

α is rotation angle between original coordinate and current coordinate 
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Xp &Yp are new points in current coordinate 

3.7.2 Video stabilization method 

The processing method applied in video stabilization is illustrated in Figure 3.17. 

 

 
 

Figure 3.17 Processing method applied in video stabilization 
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3.7.3 Video stabilization algorithms 

By identifying the number of frames which participate in making video smoother, video 

stabilization is performed by means of x and y rooted out from Euclidean transformation of 

each frames calculated by adding previous x and y with the found trajectory among 

previous and current frame. Such overall procedures are concluded in several following 

steps. 

 

 Detecting points of salient features on each frame image 

The points of salient features such as corners or edges appeared on each video 

frame’s image are used as the key points for tracking references through series of 

video frames. After converting to a 2-D gray scale image, the appropriate function 

from OpenCV_goodfeaturestotrack() will be selected for detecting such key points 

such as edges, intersections and corners on frames’ image. This function _ based on 

Harris method _ uses two gradients for two directions I(x,y) in predicting corners or 

edges. Considering w(x,y) as window function and the shift area (u,v), the equation 

for corner prediction is shown as: 

 

 
  

 Finding of interest points’ correspondences between pair of images 

Based on impressive points in the two adjacent pictures, the translation and rotation 

matrix is found when these images are converted to the 2D gray scale image type, 

namely Euclidean transformation matrix.   

 

 Analyzing of transform between frames’ image 

In this step, the transformations are accumulated to receive image trajectories at all 

frames. 

 

 Smoothing or reconstructing of scenes 

Finally, video will be post-processed for stability by smoothing out frames 

participated in this process with average algorithm, in combination with rotating 

and cropping windows. 
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  CHAPTER 4

RESULTS AND DISCUSSION 

A huge amount of experiments at the various range of frequency is implemented in such a 

way that the different frequency ranges of within 8 Hz, 20 Hz, 30 Hz and the maximum 

frequencies for two axes, in combination with magnitude range from 0 to 2 mm are 

generated. 

4.1 The Results for Mechanical Compensator 

To compensate and stabilize video, PID algorithm applied to track the acceleration set 

point which is in opposite orientation with the acceleration direction of vibration source. 

The PID parameters: Kp, Ki and Kd are found by Ziegler-Nichols method and below is the 

result table. 

Table 4.1 The Kp, Ki and Kd for stabilizing acceleration following two axes 

 

PID Parameters\ Axis Horizontal Axis Vertical Axis 

Kp 24 28 

Ki 0.3 0.1 

Kd 0.8 2.5 

From the set of PID parameter, some figures, each contained four graphs plotted in 

Microsoft Visual Studio will show the achieved results. In there, the two of  total four 

graphs in one Figure on the left are used for the comparision between generated vertical 

and horizontal accelerations with their set points; whereas, their  errors are drawn in the 

remainning two graphs on the right at the proposed ranges of frequency. 

At the range of frequency from 0 to 8 Hz, the tolerance between current acceleration and 

its set point approximately equals to zero, except some points negatively affected by  some 

random shocks due to unknown noises at short time period.  

 

 
  

Figure 4.1 The graphs of monitoring the effect of PID algorithm within 8Hz 
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The red line in Figure 4.1 represents the generated acceleration for two axes; whereas, the 

blue line shows the compensating value.  

 

Similarly, at frequency range from zero to maximum frequency, the results are dedicated as 

below. 

 

 

 
 

Figure 4.2 The graphs of monitoring the effect of PID algorithm within 30 Hz 

 

 

 
 

Figure 4.3 The graphs of monitoring the effect of PID algorithm within the maximum 

frequency on the two axes 

In conclusion, PID algorithm is effective enough for my mechanism system to compensate 

the vibration within the maximum frequency. 

4.2 The Results from Video Processing 

After mechanical compensation, video processing is applied to more eliminate the negative 

effect of vibration. A video is recorded throughout mechanical compensation process, and 
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then average filter is programmed using C++ language to improve video stability. Finally, 

the data of trajectories and transformations before and after smoothing are stored in text 

file. 

Firstly, below are data curves for the video processing drawn in Matlab with frequency 

range within 8 Hz, including three types of Figure: the first is “with and without 

mechanical compensation”, the second is “Before and after smoothing frames” and the 

final is “the smooth transformation matrix for X and Y Axis”. 

The square error results are calculated by the square of errors on three channels: green, red, 

blue between salient points of current frame and of original frame extracted by Harris 

measurement. 

 

Figure 4.4 Square errors in two cases: with and without mechanical compensator 

within 8 Hz 
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Figure 4.5 Smoothing frames using average algorithm for horizontal axis within 8 Hz 

 

Figure 4.6 Smoothed frames using average algorithm for vertical axis 
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Figure 4.7 Smoothed frame trajectories for horizontal and vertical axis 

 

 

Similarly, the next are the results tested within 20 Hz, 30 Hz and 70 Hz. 

 

Figure 4.8 Square errors in two cases: with and without mechanical compensator 

within 20 Hz 
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Figure 4.9 Square errors in two cases: with and without mechanical compensator 

within 30 Hz 
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Figure 4.10 Smoothing frames using average algorithm for horizontal axis within 30 

Hz 

 

Figure 4.11 Smoothing frames using average algorithm for vertical axis within 30 Hz 
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Figure 4.12 Square errors in two cases: with and without mechanical compensator 

within the maximum frequency 

 

Figure 4.13 Square errors in two cases: with and without mechanical compensator 

within 4 Hz  
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Based on square errors described above, there is a statistic table that calculates the mean 

square error, is the average sum of all square errors on few specific sections of frames, at 

the testing ranges of frequency.  

 

Table 4.2 Mean square errors of using mechanical method and not using mechanical 

method for compensation  

Frequency\ Mean square 

error 

With Mechanical 

Compensator 

Without Mechanical 

Compensator 

8 Hz 15089.612 17191.053 

20 Hz 14259.234 14749.581 

The Maximum Frequency 17740.016 18172.070 

 
From the Figures and Table shown here, there are some conclusions rooted out as below: 

1. The higher the generated frequency is, the closer the gap of square errors in two cases: 

using and not using mechanical compensator is. 

2. It is clear that the combination between mechanical compensator and video processing 

effectively improves the quality of video at the frequency range of more than 8 Hz. 

3. If the frequency of vibration is lower than 4 Hz, a combination between mechanical 

compensator and video processing is less effective. At that time, mechanical 

compensator seems to become an additional noise generator and the system is also 

harder to configure suitable PID parameters; therefore, to solve this problem, it is better 

to compensate by video processing alone instead of combining two methods. 
4.3 The Results from Images Extracted from Video 

From the image frames restored by using code in C++ language, a series of adjacent 

images are shown here to give further proofs for conclusions proposed in Chapter 4.2. 

From 0 to 4 Hz: 
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Figure 4.14 Image frames extracted from video after video processing within 4 Hz 

From 0 to 8 Hz: 

 

Figure 4.15 Image frames extracted from video after video processing within 8 Hz 

From 0 to 30 Hz: 
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Figure 4.16 Image frames extracted from video after video processing within 30 Hz 

From 0 to 70 Hz: 

 

Figure 4.17 Image frames extracted from video after video processing within 70 Hz 

 

Evident is the fact that the higher frequency is applied, the more image blurring occurred 

although the magnitude of vibration is declined. Moreover, only video processing is 

enough to improve the anti-vibration performance with the lower frequency of 4 Hz.  
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  CHAPTER 5

CONCLUSION AND RECOMMENDATIONS 

This chapter will draw out some summaries and suggestions related to mechanical 

generator, mechanical compensator and video processing on the huge range of frequency. 

5.1 Conclusion 

To serve for this thesis, the mechanical generator and mechanical compensator, table frame 

and H-bridge boards are designed and built. 

 

The mechanical generator is able to generate the expected frequency following the voltage 

input supplied referred in Table 3.1. 

 

Two accelerometers are programmed to communicate through I2C. Consequently, the 

communication speed is greatly improved (a maximum output rate of 800 Hz) and it is less 

noise than ADC. Besides of that, these sensors’ measurement value is corrected to align 

with the reference vector, which is acceleration vector at the stationary point. 

 

Integrated in measuring process of two sensors, Kalman Filter and Low pass filter sharply 

reduced measurement and process noise. This is proven based on the best fit of the 

relationship between vertical voltage and acceleration. At the first time, the best fit value of 

model never overcome 45%; however, after applying two filters and adapting the suitable 

parameters, the best fit value reached a peak at approximately 70 % (Figure 3.9). 

 

Next, PID algorithm works well in the range from 8 Hz to maximum frequency of each 

axis, try to fairly compensate almost vibrations created from vibration generator (proved 

through Figure 4.1, 4.2 and 4.3). 

 

After above processes, a video processing consisting of average algorithm and rotating and 

cropping window is applied to more improve the anti-vibration performance. As a result, 

from Figure 4.4 to Figure 4.17, the various magnitudes of vibration in images are 

dramatically declined in the most of ranges of frequency. 

 

Finally, at high frequency (more than 30 Hz), because of the negative effect of noise on all 

of frames, the video processing alone is not able to find out the sufficient amount of 

impressive points between two adjacent frames and this makes stability process not much 

effective.  

5.2 Recommendations 

The vibration compensator only has ability to generate the vibration up to 70 Hz on 

vertical axis and 52 Hz on horizontal axis due to the effect of heavy load. For that, it is 

recommended to select another motor with higher speed or reduce the weight of load. 

 

The major reason for blurred images at the frequency range of higher 30 Hz is that the 

maximum rate of frame recorded from my webcam is only 30 Hz which is equivalent to 30 

Hz; therefore, in the future, it should be replaced by a camera which can operate at higher 

frequency. 
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