
 

 

 

CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 RESEARCH MOTIVATION 

 

Rotary encoders are transducers that convert angular motion of a rotating object 

to electrical signals. They are used to provide the angular position of a rotating object 

and its rate of changes. At this moment, several rotary encoder designs exists, which 

includes the direct contact (or brush-type) and the magnetic rotary encoders (Sclater and 

Chironis, 2007). Generally, the optical rotary encoders are widely used because they 

possess higher speed, higher precision and lower cost (Oka et al., 2009). These simple 

and small units are made from a patterned code disk, a light source and a photodetector.  

 

Conventional method have been used the optical rotary encoder as the motion 

control system. In particular, they are used in mechanical systems as an inexpensive and 

reliable way to measure the rotation of moving objects. For example, they are used in 

the digital cameras to detect the position of lenses (Igaki and Atsuta, 2008). Although 

the optical rotary encoder is used in many applications, their performance is less 

satisfactory (Wang et al., 2008). In fact, there is a continuing trend for improving the 

precision and the resolution of the optical rotary encoder (Villaret, 2008).  

 

Current trends in digital image processing techniques have been applied widely 

into various applications. Some of the applications emerge as a sensing device with the 

assist of digital image processing techniques (Minoni et. al (2006), Tresanchez et. al 

(2009), Tresanchez et. al (2010a), Tresanchez et. al (2010b), Zhu and Yu (2011) 

Douglas et. al (1999)).  Due to this trend, implementation of digital image processing 
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techniques to image rotary encoder as a feedback device can be applied. This is the 

research motivation. 

 

1.2 RESEARCH PROBLEM STATEMENT 

 

One of the measurement device used in a high precision motion is a rotary 

encoder. It is widely used in machine tools and robotics as a feedback device to the 

actuator under a closed loop control system. In fact, it is an essential tool in a modern 

manufacturing application. 

 

A rotary encoder “reads” rotational motion (angular position and speed) and 

converts the motion into electrical signals. It involves two components: a designed 

coded-disc to represents rotational information and a sensor to convert the coded 

information into electrical signals. 

 

A conventional rotary encoder uses three major elements, a pattern code disc, a 

light source and a photo-detector. All elements contribute to the performance of the 

conventional rotary encoder. There are five factors affecting rotary encoder 

performance which are (1) mechanical alignments of components in the rotary encoders, 

(2) resolution enhancement of the rotary encoders, (3) size reduction of the rotary 

encoders, (4) additional electronics in the rotary encoders and (5) working environment 

of the encoders. 

 

Firstly, mechanical alignments refer to the eccentricity between the code disc, 

the light source and the photo-detector. Misalignment often occurs during the assembly 

process (Musha et al. (2008), Yoshioka (2009), Hasegawa (2009)). Secondly, the 

resolution of the rotary encoder depends on the number of slit pattern in the code disc. 

In order to increase the number of slits, distance between the slits has to decrease (Wei, 

2008). However, this is limited by the size and fabrication process. Furthermore, 

decreasing the slits distance increases the chances of creating irregularity that will 

introduce noise in the output signal (Villaret, 2008). Thirdly, to improve the 

performance of the encoder, it can be done by reducing the rotary encoder sizes. 

Nowadays, some of the rotary encoder application needs smaller sizes of rotary encoder 
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in order to integrate with smaller size devices. Fourthly, with assists of additional 

electronic, the resolution of an encoder can be increased by signal interpolation. 

Additional electronics will contribute to increasing in production cost and cause a delay 

in signal processing. Finally, working environment and unwanted reflection light can 

contribute to noise and signal interference to the rotary encoder system. 

 

Depending on the design of the code disc and the signal interpolation, a rotary 

encoder can function as an absolute or incremental encoder. An absolute encoder can 

determine the angular position without the need to have a reference position. On the 

other hand, an incremental encoder requires a reference position in order to determine 

the angular position. In operations, when an incremental encoder is started, the system 

has to move to the home position in order to set a reference point. An absolute encoder 

does not require home operations because it knows exactly the angular position when 

started. As such, an incremental encoder requires an additional power supply when the 

system is turn-off so that it can “memorize” the current position. 

 

An absolute encoder is more expensive and the angular position range is limited 

by the disc size. There are researchers proposed and implemented different alternatives 

to absolute encoder. One technique is by using an image rotary encoder. Therefore, the 

research objective is to develop an image rotary encoder based on image texture before 

converting it into speed and motion data. The image texture is captured from a 

specially-designed texture of rotating disc using a digital image sensor. The proposed 

image rotary encoder is based on pixel changes by motion of rotating disc. The captured 

images are then converted into motion data by an image processing algorithm. The 

output signal is an absolute position similar to conventional absolute rotary encoder. 

 

1.3 RESEARCH OBJECTIVES 

 

There are three objectives which are: 

 

1. To develop a prototype of a new rotary absolute encoder using image as 

feedback information. 

2. To develop an algorithm to process the image feedback as position data. 


