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IP Microphone 
(NXP mbed Design Challenge Entry NXP3783) 

 
 

Abstract 
 
Whenever I enter a design contest, my project ideas usually involve 
something that might have a use for.  Usually it is a product which is 
already available, but does not have some of the features I want.  This 
time, however, my inspiration came from someone else's design contest 
project, or more specifically, its opposite. 
 
For the WIZnet iEthernet Design Contest 2007, John Clayton submitted a 
project called FATE: Flexible Audio Transmission over Ethernet.  His 
idea was to replace the traditional audio receiver/speaker wire/speaker 
scheme with a computer/CAT-5 cable/speaker-amplifier device for 
transmitting high-quality audio from a source to one or more speakers.  
The core of his design was the speaker-amplifier device, which was 
equipped with a Ethernet interface to receive the audio data, convert 
it back to analog, feed it into an amplifier, and drive a speaker.  
While this was interesting, something he reflected on near the end of 
his documentation was even more interesting. 
 
In the “Ideas for Further Development of this Project” section of his 
project documentation, the following caught my attention: 
 

IP addressed microphones 
 
These could be implemented with W5100 IC, and used for household 
intercomm. Systems, Public Address systems, etc.  Also, such a 
microphone could become part of a home security system for remote 
monitoring of the premises over the internet. 
 
Also, it occurs to me that this might be an area rife with 
opportunity for those who wish to engage in surveillance of people.  
I speak of completely legal situations, of course!  Perhaps a 
supervisor wishes to do a little listening in on his employees?  The 
microphone module could be made quite small and unobtrusive.  Or, for 
the really evil-minded, it could be integrated into an innocent 
looking network hub. 
 

This was essentially the opposite of his project.  Instead of sending 
audio from a computer to a receiving device via Ethernet for playback 
via a speaker, he was proposing a device to receive audio via a 
microphone and send it to a computer via Ethernet.  Could something 
like this be made?  How well would it work?  Could it win me a design 
contest? 
 
Eager to answer these questions, I present my latest creation – the IP 
Microphone.  This proof-of-concept device is built around an mbed NXP 
LPC1768 rapid prototyping ARM Cortex-M3 microcontroller board, and is 
designed to send digitized audio from its on-board microphone to a 
computer.  To do this, it: 
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 Utilizes RTP (Real-time Transport Protocol) and RTCP (Real-time 

Transport Control Protocol) running on top of UDP for transmission 
of sound data as well as device control 

 Utilizes a standard RJ-45 Ethernet connector with built-in 
transformers for interfacing to an Ethernet network 

 Uses a small, omni-directional electret condenser microphone along 
with a programmable gain amplifier as its audio source 

 Uses the mbed's on-board 12 bit ADC interface to digitize the high-
level microphone signal 

 Uses either a fixed IP address or an automatically assigned IP 
address (via DHCP) 

 Supports inverse ARP requests to allow for discovery of IP address 
when configured for automatically assigned IP address 

 Utilizes a text file on the mbed's FLASH file system for configuring 
device operational parameters such as: 

 Fixed IP address mode/Automatic IP address mode (via DHCP) 
 Fixed IP address 
 Fixed gateway address 
 Fixed subnet mask 
 RTP port 
 RTCP receiver report reception timeout 
 RTCP sender report transmission interval 
 RTP AVP (audio-video profile) to use (currently supports only 

RTPAVP0, which is PCM u-law) 
 Utilizes the mbed LEDs to indicate connection status 
 Operates from (4) 2200 mAh AA NiMH batteries 
 Utilizes the mbed's USB interface for 

programming/monitoring/debugging as well as providing power 
 Provides compatibility with the open source RTP 

conferencing/streaming program called RAT (Robust Audio Tool), which 
is available for both Windows and Linux 
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Block Diagram 
 
The major parts that make up the IP Microphone, as shown in the block 
diagram, are: 
 An mbed NXP LPC1768 rapid prototyping ARM Cortex-M3 microcontroller 

board 
 A custom-built, adjustable gain microphone board 
 A Sparkfun Ethernet MagJack breakout board 
 An enclosed 4 x AA battery pack with on/off switch containing 4 AA 

2200 mAh NiMH batteries 
 
All of these are assembled and wired on a RadioShack solderless 
breadboard. 
 
 

Hardware Block Diagram
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Schematic Diagram 
 
The following is a schematic diagram of the IP Microphone prototype.   
The internal schematics for the microphone board and the SparkFun 
Ethernet MagJack Breakout Board along with their header connectors are 
shown.  PAD1 and PAD2 represent the connection to the battery pack, and 
TP1 and TP2 represent the connections to the mbed digital outputs used 
for software profiling/debugging.  The current device software uses TP1 
to indicate when the device is executing the timer tick handler, and 
uses TP2 to indicate when the device is in sleep mode. 
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Code Sample 
 
The software for the IP Microphone was written entirely in C++ using 
the mbed cloud-based development environment.  The following code 
sample is taken from the IPMicrophoneApp class source file 
(IPMicrophoneApp.cpp).  The IPMicrophone class encapsulates the core 
software functionality of the device, and the Run() member function, 
which is called from our main() function, initializes the Ethernet 
interface, sets the microphone amplifier gain, starts up the audio 
sample timer, and then runs the main program loop. 
 
void IPMicrophoneApp::Run(IPMicrophoneConfig &config) 
{ 
    WriteDebugMessage("Starting IPMicrophone...\r\n"); 
 
    // based on configuration, either create ethernet interface using 
    // DHCP, or create using fixed IP 
    CreateEthernetInterface(config); 
 
    // setup microphone board gain 
    SetupMicrophoneBoardGainControl(config); 
 
    // set our CNAME from config 
    SetOurCNAME(config); 
 
    // start the ticker 
    StartTicker(config); 
 
    // set initial state of indicator LEDs 
    SetIndicatorLEDs(); 
 
    // main loop - runs forever (or at least until we lose power) 
    while(true) 
    { 
         if(CONNECTING == AppState) 
         { 
             HandleConnecting(config); 
         } 
 
         if(CONNECTING != AppState) 
         { 
            // run the network interface 
            Net::poll(); 
 
            if(WAITING_FOR_RECEIVING_HOST == AppState) 
            { 
                HandleWaitingForReceivingHost(config); 
            } 
            else if(TRANSMITTING == AppState) 
            { 
                HandleTransmitting(config); 
            } 
        } 
 
        SetIndicatorLEDs(); 
 
         // Add sleep instruction here at bottom of loop -  
   // in theory, once the time period associated with 
         // the ticker expires, the timer associated with the  
   // ticker will generate an interrupt, and thus SHOULD 
         // wake us up.                  
   ProfileOutput2 = 1; 
         Sleep(); 
         ProfileOutput2 = 0; 
    } 
} 
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Project Photograph 
 
The following is a photograph of the prototype IP Microphone.  In the 
spirit of rapid prototyping, all the major components are assembled and 
wired on a solderless breadboard.  In this photo, the device is 
operating from the NiMH battery pack, and is running an active 
“listening” session (as indicated by the mbed LED3 being lit). 
 

 
 
 


