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Abstract:  Image Stabilisation has been considered as essential in delivering an improved image quality in professional cameras, 
astronomical telescopes and mainly, in smart phones. Due to their high-response, high-precision and small size, piezoelectric 
micro electromechanical systems (MEMS) can be integrated in almost any device. The purpose of  this paper is, to study the 
technique of image stabilisation and the principle of operation of the piezoelectric accelerometer. Also, the integration of these 
accelerometers in Image Stabilisation is studied. 
Index Terms: OIS, MEMS, Accelerometer 

I. INTRODUCTION 
The mobile camera modules have shown a trend towards high resolutions, smaller sizes and lighter weight. The effect of blurring 
has been a great drawback. The addition of Image Stabilization has been a significant value-addition for photography. Also, separate 
accessory of a digital camera is being carried for photography is seen to fade out because of the availability of equivalent system in 
a more mobile friendly manner. As a result, the request for image stabilization is increasing in smart phones and Digital Security 
Systems (DSC).  
There are two methods of image stabilization: Optical Stabilization and Electronic Stabilization. Optical Image Stabilization 
technology (OIS) is an effective solution for minimizing the effects of involuntary camera shake or vibration.  The key element of 
all optical stabilization systems is that they stabilize the image projected on the sensor before the sensor converts the image into 
digital information [1]. It senses the vibration on the hosting system and compensates for these camera movements to reduce hand-
jitter effects [2]. Also, handshake detection via integrated sensors, rapidly moving mechanical elements and digital signal processing 
with complex algorithms became state-of-the-art [3]. The purpose of this paper is to study the OIS system, MEMS accelerometer. 

II. OPTICAL IMAGE STABILIZATION 
Optical Image Stabilization (OIS), being one of the method to reduce the blurring effect due to vibrations, does not require any post- 
processing algorithms. Additional hardware is required to implement OIS. The key element of all optical stabilization systems is 
that they stabilize the image projected on the sensor before the sensor converts the image into digital information [2]. In this, the 
trajectory of light incident on the sensor is kept the same, even when there are jitters. These jitters are compensated by the 
movement of lens i.e. the lens moves in direction opposite to the camera shake. The figure below shows the compensation effect. 

 
Fig. 1. Image trajectory without OIS (a)  Image trajectory with OIS (b)             
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III. CONTROL ALGORITHM 

 
Fig. 2. Control Algorithm 

To successfully implement OIS, its structure is split up into three stages as shown in the figure above. In the first stage, data is 
acquired and the lens position is obtained by the driver; the data is first filtered to reduce offset drift contribution. Then, in the 
second stage, the filtered data is integrated, obtaining the relative displacement caused by jitter. Finally, the OIS control function 
processes this displacement and the camera-module position data, elaborating the new set-point: this value is assigned to the driver 
to compensate for the jitter effect.  

 IV. ARCHITECTURE 
Based on the structure used to build the camera module, OIS compensation can be done by using any of the two methods viz.Lens 
Shift where the image sensor is fixed to the bottom of the camera case and the lenses move with a translational movement[4]. 
Camera Tilt where the image sensor is integrated in the same body with the lenses, and both move angularly to compensate for 
involuntary shaking.[4 Another important part used in the hardware, is the position sensor, which is used to detect lens movement. 
The sensors used are of two types; Hall sensors, suitable for Lens Shift method and Photo sensors, suitable for Camera Tilt method. 
The detailed architecture is mentioned in the following sections. 

A. Voice Coil Motor Driver and Hall Sensor 
Specific drivers are usually used for piloting lens movement of the camera module and acquiring its relative positions thought the 
Hall sensors embedded in the camera [4].The structure of these devices can be divided into two stages: the driving stage and the 
acquiring stage.  The driving stage consists of a Voice Coil Motor (VCM) and two Digital-to-Analog Converters (DACs), for 
producing a displacement of the lens. This stage has two operational modes: the PWM-mode driving, which manages the power 
efficiency and the  Linear-mode driving, which reduces the noise. The VCM operates on the principle of Lorentz Force. Applying a 
voltage across the terminals of VCM causes the holder to move to one direction and applying a voltage of reverse polarity causes 
the holder to move in the opposite direction. 

 
Fig. 3. Voice Coil Actuator 
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The acquisition stage manages the data acquired from the Hall sensor and provides the position of the camera module lens [4]. The 
Hall sensor must be accurate enough, to detect the slightest change in position of the lens. 

B. Microcontroller 
The microcontroller (MCU) are used to execute the Calculations and Deployment stage of the control algorithm. The main tasks that 
the MCU has to perform are  
1) To manage the communication between the accelerometer and the driver. 
2) To prepare and to elaborate all the incoming information to adapt to the same measurement unit. 
3) To execute the main algorithm so as to control the entire system. 
4) To tell the driver the new reference condition to be actuated on the camera module. 
Computational power is one of the two main technical requirements of the MCU, as it has to perform all the routine tasks in fastest 
time possible. The other requirement of the MCU is Communication Capability, as it has to guarantee a stable link between the 
accelerometer and the driver.  

IV. ACCELEROMETER 
Accelerometers operate on the grounds of inertia which is subject to acceleration [1].  Piezoelectric accelerometer is a device which 
implements piezoelectric effect on certain materials to measure changes in the mechanical variables such as acceleration, vibration, 
mechanical shock, etc.  
Accelerometer works on the principle of MEMS capacitor. Hence, in order to understand how a accelerometer works, we need to 
know how a MEMS capacitor functions.  
Figure 4, shows the MEMS structure of a capacitor. The red arrows indicate the two plates of a capacitor. Of the plates, one is fixed 
and the other is movable. This model contains a comb like structure called combed finger arrangement. The two structures of the 
combed arrangement are very close to each other.  

 
Fig. 4. MEMS structure of Capacitor 

From figure 5, it is clear that the structures form parallel surfaces which forms a capacitor.  

 
Fig. 5. MEMS structure of Capacitor showing two plates separated. 
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On the very left side is a tiny weight like structure. This is made of Silicon. Gravity, vibrations and movements can cause this little 
mass to move around.  

 
Fig. 4. MEMS structure of Capacitor showing Silicon weight movement. 

When such movement occurs, it leads to shifting of the entire combed finger structure. When the fingers move the distance between 
the fingers changes. Hence, we get a change in capacitance. Thus, this is an electro-mechanical system that can sense a change in 
movement and convert it into equivalent capacitance value. These changing values can be converted into varying voltage or serial 
data which can be used for further processing. 

 
Fig. 5. MEMS accelerometer 

A modern MEMS accelerometer will contain a structure similar to this. Although, it may contain more fingers to increase the 
surface area. This increases the capacitance, which in turn makes it easy to detect the change in capacitance. Hence, change in 
acceleration is noted easily.  

V. CONCLUSION 
Optical Image Stabilization is a technology that minimizes blurring effect caused by vibration. For a long time, it’s been the 
essential feature of professional cameras and digital still cameras. Recently it has rapidly become an essential feature across various 
trendingsmartphones[7].  
This paper describes the OIS system. We’ve also presented the OIS camera module technology that corrects the variation of the lens 
position to compensate for accidental movements that cause blurring. The OIS system has been described as the union of a MEMS 
accelerometer, a microcontroller executing a control algorithm that determines how much compensation is needed to correct the 
camera's shake, and a driver controlled by the MCU that retrieves the lens position information from the camera module’s Hall 
sensors and sets the corrected position via the two voice coil motors embedded in it[8].  In this way, the system can compensate for 
the detected motion, moving the lens elements on the camera to produce quick actions to reduce blurring and obtain high-resolution 
images.  
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