TAM-TAM
The Active Mansion Telephone Answering Machine
Abstract

TAM-TAM is the 21st century version of a common household or small office appliance: the Telephone Answering Machine. It solves most of the problems inherent to its 20th century predecessor: confusing user interface, poor voice quality, limited storage capacity and lack of worldwide connectivity. All these limitations are addressed by TAM-TAM which features outstanding voice quality and an almost unlimited storage capacity thanks to the use of an external flash memory card. The user interface is very simple and consists of a plain text file which can be edited on a Personal Computer and replaced at will. This simple configuration process creates up to 4 virtual answering machines that shield each user from unwanted messages. The worldwide connectivity is achieved with a back-end Internet connection that is used for notification (SMS or Email message) and for message retrieval. The latter is done, for free, with a web browser. Because Ethernet plugs are not readily available in every home, TAM-TAM is connected to the home wireless network through a Wireless bridge. 
From a technical point of view, TAM-TAM is also a platform that demonstrates that small RISC processors can now implement, in C, DSP-like functions that were previously assigned to fixed-function IC’s. The same RISC processor also concurrently runs higher level tasks such as an IP stack and a solid-state File System. The DSP-like functions includes: FSK demodulation, voice playback and record, tone generation and detection and DTMF detection. TAM-TAM provides clean and reusable modules that can easily be moved to other products. TAM-TAM implements proven algorithms that have been simulated to demonstrate a good level of performance. For example, the FSK demodulator is a “real” demodulator that shows a level of performance much higher than what can be obtained with a zero-crossing implementation.

The hardware side of TAM-TAM includes 4 major blocks:

· The ARM-based processing unit

· The SD/MMC card interface

· The Ethernet block

· The telephone line interface a.k.a. DAA
A simple power supply (linear regulator) and an integrated audio amplifier are also part of the system. Because the voice files are created on a PC, there is no need to implement a microphone sub-system. Files can be created and mixed on a PC, copied onto the flash card which is then simply inserted in the front panel of the answering machine.
The processing unit is based on a Philips LPC2138 microcontroller. The core engine of the LPC2138 is an ARM7 RISC engine. The ARM7 is “surrounded” with peripherals that dramatically reduce the number of external components required in such a project: 
· The integrated Digital-to-Analog (DAC) and Analog-to-Digital (ADC) blocks are at the core of the DSP and voice Record/Playback functionality. Their use is multiplexed between the different tasks. In some cases they can be used together (like when providing audio feedback in recording mode).

· GPIOs are used to control LEDs (after adequate buffering), the telephone line interface (off hook and current sense) and two chip selects and collect inputs from switches, current detectors and flash card socket.
· The Serial Peripheral Interface (SPI) is shared between the SD/MMC card and the Ethernet interface. This allows 3 control lines (plus one chip select per device) to perform functions that would normally require a complete Address, Data and Control bus.

· Timers provide the time base for the ADC and DAC, Time of Day tracking and general timing for the IP stack and other background tasks. 

From a software point of view, TAM-TAM does not use an operating system. It instead relies on an endless loop that activates different “tasks” based on external events (for example, the phone ringing). On the other end, TAM-TAM makes extensive use of interrupts. The master interrupt occurs at 8000 (or 9600) Hz and generally triggers an ADC reading, a DAC sample output or in some cases both.
A 6.5” x 4.5 PCB was designed for this project. Using amateur-grade tools and limiting the number of layers to two was a design challenge. Despite the density of the LPC213x, a suitable placement of the components was found and the board was successfully routed. The PCB is housed in a black plastic box. The side and back of the box have 4 connectors:

· Line: connection to the incoming telephone line
· Phone: connection to the associated telephone handset
· Ethernet: connection to an Ethernet Hub/Switch or a wireless bridge

· Power: connection to a +5V DC source

The front panel shows 4 LED’s and 4 push buttons. This is all that is required to operate TAM-TAM. The 3 LED’s on the right hand side represent the 3 possible users, for example father, mother and kids. The fourth one, on the left, is for general calls (not addressed to a specific individual). The LED’s are steady green when the machine is ready to accept a call and blink when there is a message pending for a given user.
Outside its practical use, TAM-TAM is an excellent platform to demonstrate that complex DSP tasks can now be implemented, in an embedded system, in C, without too much thinking about the underlying machine code. In addition, careful software design allows these DSP functions to coexist with higher level functions, such as a file system, without interfering with each other.  
At Home, October 2005  

PS: Because I am not a native English speaker (or writer), what I write is sometimes poorly worded or grammatically wrong. I want to thank Guy Grotke for reviewing and correcting my grammar and other language mistakes. 
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Figure 1: TAM-TAM with its wireless bridge
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Figure 2: TAM-TAM Block Diagram
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Figure 3: TAM-TAM Answering Machine Flow
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Figure 4: PCB with descriptions
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Figure 5: Ethernet details
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Figure 6: Debug board
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Figure 7: Message Web Page
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Figure 8: TAM-TAM Front Panel
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Figure 9: TAM-TAM Back Panel
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