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Abstract 
 The purpose of this project is to design, prototype, and present a consumer electronic 

device geared towards Apple iPod enthusiasts. The device, named iParty, will allow the stored 

digital music on multiple iPods to be mixed into one stereo audio stream. This audio stream can 

then be interfaced with standard powered speakers or an amplifier via a stereo connection. The 

mixing of the various audio signals, iPod control, and track selection will be controlled by the 

iParty device. In addition to the primary function of audio mixing, the iParty device will 

simultaneously recharge all connected iPods. 

Introduction 
 As of October 2007, the iPod had sold over 119 million units worldwide (1) and as a 

result, has become the best-selling digital audio player series in history. With such a huge user 

base the iPod accessory market is even larger, as most iPod users own several iPod accessories. 

Within the iPod accessory market a void exists, it is this void the iParty device will attempt to 

fill.  

 For iPod consumers there is a distinct hurdle to go from unplugging the headphones to 

plugging multiple iPods into a stereo system. For example, at college parties and gatherings the 

party goers are often forced to suffer through the sometimes poor musical taste of the party 

thrower. The iParty device allows several of the party goers to connect their personal iPods to the 

device and as a result, allow their personal musical taste to be heard. 

 An early sketch of the first iParty prototype is presented in Figure 1. 

Audio
Wall Power

 
Figure 1 ï Potential iParty prototype 
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Features 
 The iPartyôs primary objective is to provide the consumer with the ability to mix multiple 

iPods into one standard stereo signal that can then be played on any sort of powered speakers or 

amplifier. The iPartyôs secondary objective is to provide the best user experience possible 

without limiting or restricting the primary objective. 

To accomplish all objectives, the iParty will have the following features: 

 

¶ Automatic iPod detection 

o iPhone (untested) 

o iPod touch (untested) 

o iPod classic (starting with generation 3) 

o iPod nano (all generations)  

o iPod mini (all generations) 

¶ Stereo audio mixing 

o Line level output 

¶ Autonomous DJ mode 

o Random song playback 

¶ iPod charging circuit 

¶ One hand operation 

o Jog wheel with center select 

¶ Graphical LCD 

o Used for displaying system information 

o Automatic backlight dimming 

¶ Robust  

¶ Low power 

¶ Field upgradable 

¶ Visually pleasing 

System Overview 
The iParty is a complex microcontroller based system that incorporates both analog and 

digital components. The device can be divided up into the following sub-systems: 

 

¶ Power 

¶ Audio Mixer 

¶ Microcontroller 

¶ User Interface 

¶ iPod Communication 

¶ Enclosure 

 

A system level view is presented in Figure 2. For a detailed view at the physical level 

please consult the system schematic and printed circuit board (PCB) presented in Appendix II 

and III. 
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Figure 2 - System level design 

Power 

 The iParty device accepts a 12 volt DC input signal from a standard regulated AC 

adapter. The 12 V source will be used to charge connected devices and as an input into two 

voltage regulators (LM7805 and LM3940). Two voltage regulators are needed because two 

voltage levels, 5 and 3.3 volts, are required by various system components. The complete power 

circuit is presented in Figure 3. 

 
Figure 3 - Power system 

 Under normal operating conditions with two connected iPod minis, the iParty consume 

approximately 5 watts. 
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Audio Mixer 

 The audio mixing circuit consists completely of passive components. The benefits of 

using only passive components can be seen in the simplicity of the circuit shown in Figure 4.  

 
Figure 4 - Audio mixing circuit  

 

Microcontroller 

The Atmel AVR ATMEGA324-

20P (Figure 5) was chosen because it was 

the easiest to source and the cheapest 

device that met the following 

requirements: 

 

¶ 2 Full duplex USARTs 

¶ 18 programmable IO pins 

¶ External crystal support 

¶ 3.3V operation 

¶ Minimum of 32KB 

programmable memory 

¶ Multiple timers 

¶ External interrupts 

¶ PDIP package 

¶ C programming support 

¶ In-circuit serial programming 

¶ In-circuit JTAG debugging 

 

  

  
 

Figure 5 - Atmel AVR ATMEGA324 -20P microcontroller 
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The ATMEGA324-20P microcontroller was programmed using C, GCC compiler, and 

AVRDUDE programmer. Software flow charts are presented in Figure 6 through Figure 10. A 

complete copy of the source code is presented in Appendix I. 
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Figure 6 - Main program loop 
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Figure 8 - Center select interrupt 
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Figure 9 - Jog wheel interrupt 
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Figure 10 - Connected device interrupt 

User Interface 

A knob connected to a rotary encoder, such as the one shown in Figure 11, is used as a 

jog wheel for the main source of user input. The rotary encoder also incorporates a momentary 

switch thus allowing 3 functions: rotate left, rotate right, and center select. With these 3 functions 

the user will be able to completely control the iParty device.  

There are two main outputs of the iParty device: audio and visual. A graphical LCD, 

shown in Figure 12, is used to provide the visual output. 

 

 

Figure 11 ï Knob and rotary optical encoder 

 
Figure 12 - Graphical LCD 

 

 During song playback the LCD displays system information such as which iPod is 

currently playing and how many devices are connected. Combining the LCD with the jog wheel 

will provide the user with a simple yet powerful experience. 
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iPod Communication 

 To control the connected iPods the microcontroller sends specific commands via 19200 

bits per second serial communication using standard 8N1 settings. The transmitted commands 

follow a strict ordered structure as shown in Table 1. 

 
Packet Size(bytes) Description 

Header 2 0xFF 0x55 

Length 1 Total number of bytes for mode, command, and parameter 

Mode 1 Mode of current connected device operation 

Command 2 Command sent or received from connected device 

Parameter 0 to 100 Optional, used by some commands for additional information 

Checksum 1 0x100 ï (Length + Mode + Command + Parameter) 
Table 1 - iPod communication 

 For example, to tell an iPod to play the currently selected song the following bytes should 

be serial transmitted: 

 

0xFF 0x55 0x04 0x04 0x00 0x29 0x01 0xCE 

 

 A list of frequently used commands is presented in Table 2. 

 
Command Parameter Description 

0x01 0x02 NA Change to Mode 2 operation 

0x01 0x04 NA Change to Mode 4 operation 

0x00 0x29 

0x01 Play / Pause 

0x02 Stop 

0x03 Next Track 

0x04 Previous Track 

0x05 Fast Forward 

0x06 Rewind 

0x00 0x1E NA Return current position in playlist 

0x00 0x1C NA Return track time 
Table 2 - Frequently used commands 

 In order to communicate with the four connected iPods using a single microcontroller 

USART, electric switches, as shown in Figure 13, are used to multiplex both the receiving and 

transmitting signals. 

 
Figure 13 - Electric switches for serial communication 
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Enclosure 

 The iParty enclosure, shown in Figure 14, was first designed using the CAD software, 

SolidWorks. After a preliminary design was completed, a generic ABS plastic enclosure (Figure 

15) was modified to match the design. 

 

 
Figure 14 - Enclosure design 

 
Figure 15 - Enclosure fabrication 

 

Bill of Materials 
 In total, the first prototype cost approximately $400 to make. This total also includes 

onetime development cost such as, programmers. The high cost can also be attributed to the fact 

that all parts where bought in single quantities and thus no bulk discounts where available. In 

large quantities, the iParty could be produced for around $50. A complete list of parts can be 

seen in Table 3 and Table 4. 

 

Device Package Description 

DX160-B 3ò x 2.1ò PCB and metal frame Serial graphic LCD 128x64 pixels 

EM14A0D-B28-

L008S 

Axial 14mm rotary optical encoder with 

switch 

ABS Enclosure 6.9ò x 4.9ò x 2.5ò black ABS 

plastic 

Compact ABS electronics enclosure 

Knob ıò shaft diameter Comfort grip finger control knob 

iPod Cables 10ô iPod dock to 8 pin mini-din 

Mini-din Panel iPod dock to 8 pin mini-din 

AC Adapter 2 prong wall wart AC to DC 

Power Jack Type N Female jack for AC adapter 
Table 3 - Non-PCB mounted materials 
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Part Value Device Package Description 

C1, C2 22pF 

CAP AXIAL (025X050) 

External crystal 

charging circuit 

C3 .33uF 

Power supply filter 

capacitor 

C4 .1uF 

C5 .47uF 

C6 33uF 

D1 1N4001 DIODE DO-41 
Power source 

protection 

HD1 LCD 

MALE HEADER 

1X3 LCD connector 

HD2 ENCODER 1X6 
Jog wheel 

connector 

HD3 ï 6 IPOD0 ï 3 1X3 iPod connector 

HD7 ISP AVR_ICSP AVR ICSP header 

HD8 - 11 IPOD0 - 3 1X5 
iPod audio 

connector 

HD12 SPKR 1X2 Speaker connector 

HD13 PWR 1X4 Power connector 

IC1, IC2 MC14066BCP MC14066BCP DIP14 

Quad analog 

switch/quad 

multiplexer 

IC3 
ATMEGA324-

20P 

ATMEGA324-

20P 
DIL40 

8-bit RISC 

microcontroller 

IC4 LM7805 VOLTAGE 

REGULATOR 

TO-220 

TO-220 

12V to 5V 

IC5 LM3940 5V to 3.3V 

JACK HEADPHONE 
STEREO 

AUDIO JACK 

LOW PROFILE 

3.5MM 
Stereo audio out 

JP1  JP1E 1X02 
Charging circuit 

enable 

LED1 GREEN 

LED LED5MM 

12V indicator 

LED2 YELLOW 5V indicator 

LED3 RED 3.3V indicator 

R1, R3, R4, 

R6, R7, R9, 

R10, R12, 

R13 

10k ɋ 

RESISTOR AXIAL (0207) 

Reset line and audio 

mixing circuit 

R2, R5, R8, 

R11 
560k ɋ 

Device detection 

pull-down resistor 

R14, R15 1k ɋ 
LED current limiter 

R16 100ɋ 

SW1  MSWITCH 
TACTILE 

SWITCH 
Reset 

X1 7.3728 MHz CRYSTAL HC-49U 
External quartz 

crystal 
Table 4 - PCB mounted materials 
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Project Schedule 
 Please refer to Figure 16 for a semester timeline broken down by task. 

 
Figure 16 - Semester timeline 

Conclusion 
 The finished iParty device is shown in Figure 17 through Figure 19. The device was 

successfully researched and prototyped within one semester. As with most projects, the iParty 

device could be further enhanced with more time. The most important future improvements are 

as follows: 

 

¶ Amplified audio mixing circuit 

o Improve audio quality 

o Reduce ñpopsò, ñhissesò, and ñclicksò 

¶ LCD with a faster response time 

o Serial LCD is currently the main software bottleneck 

¶ Louder clicker 

¶ Shorter connection cables 

o Reduce transmission errors 

¶ Professionally made PCB 

¶ Surface mount components for reduced size 

o Currently all parts are through-hole 

 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Idea brain storming
Abstract

Part research, selection, & purchase
Preliminary design report

Design & build PCB breakout board
Design & build audio mixing circuit

Research iPod communication protocol
Implement iPod communication protocol
Hardware & software for rotary encoder

Hardware & software for LCD
Final PCB
Enclosure

User software
Final design report

Demo
Extension

Available Weeks in Fall 2007
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Figure 17 - iParty isometric view 

 

Figure 18 - iParty top view 

 

 

 
Figure 19 - iParty sectioned view 
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