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A mechatronic project device to play CDs  
 

Abstract 

 
In this paper an autonomous device for playing CDs is presented. The 

work was divided into two fundamental stages. In the first – the 

preliminary one – a broad analysis of the structure and the operating 
principles of these players was carried out. In the second stage, the 

mechanical, electronic and software parts of the CD player were designed 

and made. Catia V5R15 software was used for the realization of the 
mechanical part. Printed circuits were designed and made with the help of 

Protel program. The essential analyses and simulations were performed in 

Protel, too. The software part included development of the algorithms and 
realization of the device control program and was made using AVR GCC 

compiler. In the final stage, verification of the device correctness was 

made by taking electrical measurements and performing audio monitoring 
tests.  
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1. Introduction 
 

Many types of systems of sound control - SSD can be found in 

Polish and foreign literature. The basis of sound control and the 

rules of amplifying open and close space have been described in 

works [8, 9].  

The systems of sound control are built of one or more 

electroacoustic tracks. They include electro-acoustic transducers 

[6] : microphones, signal sources, loudspeakers, filters, amplifiers 

and card or cards with signal processors. 

For several years the authors of the paper have been doing 

scientific research, designing and implementing original solutions of 

the systems of sound control. These innovative solutions include:  

a digital adaptive system used for active noise reduction [3],  

a system for digital equalization sources of the sound [2] enabling 

characteristics compensation sources of the sound and 

electroacoustic track (limited space) as well as original solutions of 

the systems of sound control in limited space whose aim is to 

transfer impressions from a concert hall into the open space [4, 5, 7].  

In this paper, the complete mechatronic project device to play 

CDs will be presented. This device will be the source of a signal in 

SSD. 

A compact disc, commonly known as a CD, is a polycarbonate 

disc with the information encoded digitally for the readout with 

laser light. Thanks to a great capacity, reliability and low price, the 

CD format has become the most popular medium for the data 

recording. 

The compact disc was developed by Sony Corporation [14] and 

Philips Electronics N.V [11] in the end of the seventies and its 

premiere took place in 1982. Its original application was sound 

recording; the adaptation for other applications followed later. 

Compact Disk Digital Audio (CD-DA, Audio-CD) is a standard 

of the sound digital recording on the compact disc employing the 

PCM (Pulse Code Modulation) encoding with 44.1 kHz sampling 

frequency and 16 bits per sample resolution. The compact disc is 

made out of a polycarbonate plate, 1.2 mm thick and 12 cm in 

diameter, coated by the thin Al layer in which the information is 

contained (in the form of the combination of micro rows and  

places without them). They are read out by a semiconductor laser 

(AlGaAs) with the wavelength equal to about 780 nm. The record 

forms a spiral track from the center to the edge of the disc. The 

data is recorded in the form of indentations (pits) and lands, i.e. 

the areas between pits. Every change of the state from pit to field 

is read out by the optical system as 1, while the lack of change as 

0. The pit has a depth of 125 nm and a width of 500 nm, whereas 

its length varies from 850 nm to 3.5 µm.  

A standard CDDA disc contains 74 minutes of music, which is 

equivalent to 650 MB of data. There are also discs that contain: 

700 MB (80 min.) - currently the most popular on the market, 800 

MB (90 min.), 870 MB (99 min.) and even 1.4 GB – double-layer 

discs; the last two occur almost exclusively as the write-once 

discs. Among the originally pressed discs (i.e. commercial ones), 

the dominating capacities are 650 MB and 700 MB; the 800 MB 

capacity is found quite rarely. 

In the beginning, Sony called for the 12” diameter of the disc 

(that is such as in the old gramophone disc), but when it appeared 

that 12 hours of music fitted on such a large disc, the 12 cm 

diameter was chosen.  The 12-cm medium contains 74 minutes of 

music. Such dimensions have been chosen because the longest 

classic music work pressed in its entirety is Beethoven's IX 

Symphony (this was a suggestion of Polygram Company, since at 

first the disc had to contain 60 minutes of music, in analogue to  

a cassette). A CD disc allows recording two channels (stereo). 

Music is divided into tracks and one can “jump” from one track to 

another without the necessity of rewinding.  If the disc is recorded 

in the Track-At-Once (TAO) system, then there is a 3 second 

break between the tracks. One can avoid this recording the disc in 

the Disc-At-Once (DAO) system. 

The data recorded on a CD-Audio disc are encoded with CIRC 

(Cross-Interleaved Reed-Solomon Code), an error correction code, 

and next are the subject of the EFM (Eight-to-Fourteen 

Modulation) channel encoding that increases the data density. 

The CD-DA discs are characterized by quite a high quality of 

sound and, at the same time, they are relatively well resistant to 

dirt (dust, finger prints) and scratches.  

While reading out, an optoelectronic reading system that 

consists of a semiconducting laser, photodiodes and the optical 

system of lens and prisms moves under the disc.   

A CD player contains an electromechanical part, relatively not 

very well developed but precise, and a very well developed 

electronic one. A motor that rotates the disc, a device moving the 

electronic reading system under the disc and devices in the readout 

system itself, which are essential for leading a light spot on the 

track and focusing it, are electromechanical devices. The 

electronic part contains digital integrated circuits LSI (large scale 

of integration), C/A converters, amplifiers and analog filters. The 

compact disc player is characterized by the following main 

parameters:  

 transmission band from 20 Hz up to 20 kHz, 

 signal-to-noise rate > 90 dB, 

 total harmonic distortion < 0.05%, 

 inter-channel crosstalk attenuation > 90 dB. 

 

2. Realization of the mechanical part 
 

The mechanical design of the CD device was realized with the 

help of the engineering package CATIA 5 R15. The CATIA 

(Computer Aided Three dimensional Interactive Application) V5 

package, being a part of PLM package, is a new line of 

CAD/CAM/CAE software, offering a broad range of dedicated 

solutions including all aspects of design and fabrication of 

products. This is not only a highly effective tool for a three-

dimensional design, automated drawing and generating technical 

documentation, but it also allows carrying out simulations and  

extensive analyses of objects being a subject of design. Advanced 

CAD/CAM systems offer a broad range of opportunities in the 

geometrical design.  

Every geometrical model can be realized in many ways. In the 

case of a complex geometrical model, the number of these ways is 
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practically unlimited. A model in the advanced CAD/CAM system 

is created to fulfill many different objectives and can be used for 

many further design processes, such as: 

 realization of the technical documentation, 

 kinematical analysis, 

 dynamics analysis of systems and their components, 

 verification of the product functionality, 

 engineering calculations, for instance with the finite element 

method, 

 ergonomic verification, 

 making a project of manufacturing operations and their 

verification, 

 making a project of using operations and their verification, 

 product visualization, 

 recording supplemental information obtained during the design 

process, 

 making modifications to the project. 

A proper choice of tools and a geometrical modeling method is 

essential. In the choice of the design process, the further design 

processes should be taken into account to ensure that the design is 

a basis for the whole further product development. 

The CD devices, described above, require permanent connection 

to a 220-230 V power line. In this paper, an autonomous device 

for playing CDs that can work without network power supply, 

designed and realized by the authors, is presented.  

The following software was used for the realization: 

 Catia V5R15 – the CAD/CAM software package [12,15], 

 Protel, made by Altium, - the software package for electronic 

printed circuits design, their analysis and simulation [13], 

 AVR GCC ver3.2 – the C compiler for ATMEL’s AVR 

microcontrollers [1,10,16]. 

The scope of the study included: 

 design and realization of the casing in Catia - CAD/CAM 

system, 

 development and realization of the printed circuits design in 

Protel - ECAD system, 

 development of the algorithms and realization of the program 

controlling the device, 

 verification of the device made – the electrical measurements 

and audio monitoring tests. 

The player designed in the Catia package and realized at the 

Faculty of Mechanical Engineering and Robotics, AGH University 

of Science and Technology, Cracow, Poland, is presented in 

Figure 1.  

 

 
 

Fig. 1.  The CD player model in Catia program after superposition operations 

 

 

3. Realization of the electronic part 
 

The above analysis of the technical solutions present on the 

market is aimed at justification of construction of the presented 

device for playing CDs. Using the electronic components of high 

quality, the professional drive and stable power supply allows  

building a device with excellent electro-acoustic parameters, and 

thus allows accurate reproduction of the sound recorded, for 

instance, in a studio. In the following, the constructional solutions 

having an impact on the improvement of CD player parameters are 

presented.  

Analyzing the constructional solutions currently used in CD 

players of high quality, one can come to a conclusion that the CD 

player should contain the following components: 

 a stable, durable CD drive, 

 high quality power supply with the internal noise level as low as 

possible, 

 high-quality analog-digital converters, operating in parallel 

monophonic configuration, 

 a high quality clock generator for synchronization of D/A 

converters and the CD drive, 

 high quality loudness adjustment on the analog signal in order to 

ensure comfort as high as possible, 

 legible display, 

 analog and digital outputs allowing communication with 

external devices in all standards used in consumer electronics. 

To meet the above requirements, a number of electronic systems 

was designed and realized.  The best electronic components were 

used to construct the CD player. The Phillips mechanism 

CDPro2M was chosen as a drive. As a power supply, a bank of 

accumulators, giving DC voltage, free from noise of a 230 V 

network, was used. In the device designed, the digital converters 

of the newest generation, operating in the parallel configuration 

(each stereophonic converter operates in the mono mode) were 

used. The analog circuit was equipped with highest quality 

components, and the printed circuits were designed, paying special 

attention to make the signal path as short as possible. The whole 

setup of circuits was designed and realized in the surface mount 

technology. A stable clock generator was made for work 

synchronization of digital circuits and the CD drive. 

The main blocks in the CD player and the connections between 

them are presented in the block diagram (Fig. 2). The descriptions 

giving the formats of communications between the blocks are 

placed on the lines symbolizing the data buses. 

 

 
 

Fig. 2.  Block diagram of the CD player, realized in Protel 
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The block diagram includes: 

 power system – power supply, accumulator charger, voltage 

stabilizer, 

 microcontroller, 

 VFD display, 

 CDPro2M drive, 

 clock generator, 

 digital-to-analog converters systems together with low-pass 

filters and loudness adjustment, 

 digital output circuits, 

 set of the couplings allowing connecting the external devices. 
 

4. Realization of the software part 
 

The control system is needed to ensure the proper collaboration 

of the electronic and mechanical parts. A single chip 

microcontroller was used to control the processes proceeding in 

the prototype. The microcontroller chip is a universal one and 

requires a control system, which - being recorded in its memory - 

will control its operation. The process of program writing should 

be started from the choice of a programming language. Nowadays, 

a programmer can choose between high-level languages (e.g. C, 

C++, and Java) and the low-level machine language of 

microcontroller (assembler). In the process of the prototype 

design, a series ATMega128 microcontroller by Atmel was 

chosen. Since the microcontrollers from this family have been 

designed for collaboration with the compilers of high-level 

languages, one of these programming languages was chosen.  

The C language was chosen because: 

 the C compiler for ATMEL’s microcontrollers is free of charge, 

 there is a broad base of program libraries, which can facilitate 

quick programming for a programmer,  

 there is an opportunity for easy transfer (implementation) of the 

program between different microcontroller models. 

The free C-compiler called AVRGCC, intended for Atmel’s 

microcontrollers, was chosen. The AVRGCC compiler is available 

as an “open source” program that is it is completely free of charge 

and is being developed all the time by users finding errors and 

shortcomings in the program. The program has an integrated 

graphical interface called WinAVR that significantly facilitates 

the process of programming. The graphical environment - i.e. the 

graphical interface - is free, too.  

The control program should be characterized by a quick and 

reliable operation. The program should control the following 

processes:  

 monitoring of the CDpro2M drive operation,  

 monitoring of the processes taking place during sound 

reproduction by the drive,  

 control of the display systems, remote control devices and 

keyboard,  

 monitoring of the charging process,  

 indirect monitoring of the batteries discharge voltage, 

 monitoring of the analog audio circuits. 

To ensure the controlling of all the listed above processes at the 

same time, the microcontroller system should be quick enough and 

the program installed in it should occupy as little amount of 

memory as possible. The program size usually translates into its 

operation rate. To decrease the program size, one of the 

optimization algorithms, implemented in the compiler, was used. 

The software controlling of the player operation was created 

with the help of compiler WinAVR. The version 3.4.3 was used in 

the prototype. 

Before starting writing the software, the following operations 

were taken: 

 review of the standards of transmission between the digital 

systems was made, 

 the following standards were carefully familiarized: DSA, I2C, 

SPI, RC5, 

 the communication system microcontroller – VFD display was 

familiarized, 

 the libraries serving the above listed standards were created, 

 the procedures realizing the individual CDpro2M drive 

commands were created,  

 the functions analyzing the device operation were created,  

 the main program controlling the whole system work was 

created. 

The designed and realized complete device for acoustic signal 

generation – the CD device after assembling was put to the 

electrical tests and audio listening test. 

 

5. Summary - tests of the realized device 
 

In the next part of the tests, the designed and built system for the 

acoustic signal generation – the CD device – was tested both in the 

free sound field and in the natural acoustic conditions in a chosen 

room. The tested device is shown in Photo 1. 

 

 
 

Photo 1. The ready prototype, general view 

 

After assembly of the prototype and putting it into running, 

verification of the created software functioning correctness was 

started. During the tests, a number of errors causing an unexpected 

functioning of the device were found. The procedures and 

functions controlling operation of the upper cover, control buttons, 

and the procedures for operating the CD player were modified. 

The tests and verification of the software were aimed at 

facilitating the device work and ensuring that the device is as user-

friendly as possible. The operation procedures were adapted to the 

solutions commonly accepted and used in the devices presented on 

the market to allow more intuitive operation of the device by  

a potential user. 

A number of electrical and electro-acoustical tests, aimed at 

confirmation of the established construction solutions and the 

assumed parameters, were carried out. The first test was 

measurement of the CD player work duration. According to the 

construction assumptions, the device should work 11.5 hours. The 

tests showed that the device work duration depends on many 

factors. While the playing the same CD all the time the work 

duration is larger than that in the case of multiple changes of CDs. 

The work in the case of playing only one CD is equal to about 11 

h. The work time with the CDs exchanges is from 8 h to 10 h, 

depending on the number of medium changes. The difference in 

work time comes from the relatively large current consumption by 

the upper cover opening mechanism during its opening and 

closing. 

The levels of supply voltages and the level of voltage stabilizers 

pulsations were measured. The measurement results of the voltage 

stabilizers are presented in Table 1. 

After the measurements of the work duration, the measurements 

of the device electro-acoustic parameters were taken. The level of 

analog output was measured. The RMS value of 2.1 V was 

obtained, in accordance with the design assumptions. This means 

that the current-voltage converter works normally. 
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Tab. 1. The measurements of supply voltages  

 

Denotation 
Voltage assumed 

[V] 

Voltage measured 

[V] 

IC2 stabilizer +9 +9.02 

IC2 stabilizer -9 -9.01 

IC3 stabilizer +5 +5.00 

IC4 stabilizer +9 +9.01 

IC5 stabilizer +3.3 +3.30 

IC6 stabilizer +5 +5.01 

IC7 stabilizer +5 +5.01 

IC8 stabilizer +9 +9.02 

IC9 stabilizer +5 +5.01 

 

The correctness of the analog signal level adjustment was 

checked through the measurements of the input and output signals. 

In the position “-52 dB” the ratio of the output signal to the input 

signal was equal to about – 52 dB – calculated from the 

relationship: 

 

dB 52
1.2

005.0
log20log20 

in

out

U

U
K             (1) 

 

where: K – attenuation, Uout – output voltage, Uin – input voltage. 

The correctness of operation of the asynchronous sampling 

frequency converter was checked with an oscilloscope and  

a frequency meter. The frequency of the LRCK and MCLK timing 

signals were measured. According to the design assumptions, the 

LRCK signal should be 192 kHz and the measured value was 

192.01 kHz. The MCLK signal should be 24.576 MHz, according 

to the design assumptions, and the measured signal was 

24.576280 MHz.  

The transmission band of the analog circuits was measured. The 

measurements showed that the analog systems transmitted the 

whole frequency range from 1 Hz to 20 kHz without the decrease 

in the output signal level. 

The audio monitoring of the CD player prototype was the last 

test. During these tests, the player prototype was compared with 

two models of CD players and with two cheap DVD players 

presented on the market. The players used for tests were: Sony CD 

player model CDP-490, Philips CD player model CD751, KODA 

DVD player and Sharp DVD player. The sound was compared in 

regard to its naturalness and the subjective impressions of the 

listeners. A group of 10 persons participated in the tests. The same 

CDs were used in the tests of the CD players and in the tested 

DVD players. After preliminary audio monitoring of the same 

piece, it was found that the sound quality of the cheap DVD 

players was much worse than that of the CD players, and thus the 

DVD players were not used in the subsequent tests. Next, the 

tones of the pieces reproduced in the CD players and in the 

prototype were compared. When it comes to the comfort of the 

operation, the prototype is considerably ahead of the rest two, 

because it has a precise regulation of the output signal level 

allowing comfortable adjusting of the volume level to the 

individual listener needs. Comparing the prototype with the mass-

produced devices, none sound defectives were found in the signal 

reproduced by the prototype. The listening persons, when asked 

about the audio impressions, expressed their excellent opinion 

about the presented prototype. Seven out of ten listening persons 

would choose the prototype instead of the mass-produced devices 

because of the workmanship, the functionality and the sound 

quality. The listening persons were not informed what the 

components and the technical solutions had been used in the 

device construction. The detailed information and the technical 

data were made available to those persons only after finishing the 

tests.  

In the paper, the autonomous device for playing CDs, capable to 

work without 220 – 230 power line, has been presented. 

The mechanical, electronic and software design, as well as the 

tests verifying the correctness of the realized device, including the 

electrical measurements and the audio monitoring, have been 

described.   

To sum up, we believe that the designed and realized CD device 

is an original solution, developed by the authors, with very good 

electroacoustic parameters and an attractive price. 
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