IEC60601-1-8 Algorithmic Alert Tone Demo
Hooking up the demo - Connect the RS-232 connector to the COM1 (P3) connector on the MCB2300 demo board as shown below. Connect the USB connector (to provide power) as shown. If you are debugging or downloading other programs using JTAG, the debugger is attached as shown below in Fig 1.





Fig. 1
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If you are going to use the on-board speaker (very poor quality) for the demos, leave the Orange and Brown wire jumpers connected as shown above. To connect to an external amplifier, remove the brown jumper and connect the external amplifier to the terminals as shown. A ground terminal is nearby to use for the shield of the signal wire as shown below in Fig 2:





Fig 2
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About the application:

This application provides a human interface via terminal (UART) menus and numbered selections to select and play medical alert alarms that are generated algorithmically on chip. The medical alarms are designed to comply with the IEC 60601-1-8 standard for audible medical alarms. The standard specifies High, Medium, and Low priority alarms and these are provided in the demo via a menu system. In addition, a test menu is added to facilitate analyzing the quality of the alarms generated and their compliance with the standard. 
The IEC Standard specifies different “melodies” for different alarms as well as different temporal characteristics for different priorities. Each alarm types will use the same melody for high and medium priority alarms. However, the medium priority alarm just plays the first three notes of the melody where the High priority alarm plays a five note melody that is repeated. High priority alarms also have a faster tempo as this indicates a greater sense of urgency. The rise and fall times of these notes are also specified in the IEC standard. A faster rise time is provided for the High Priority alarm as faster rise/fall times also convey a higher sense of urgency. The level of the first note in the melody should also be less than the other notes in the melody. The rise time, fall time, and overall note level are controlled by an on chip envelope generator that dynamically controls the output level. 
Each of the notes of the melody consists of a fundamental tone plus four harmonics. These are formed by on chip sine wave generators using multiple IIR recursive filter oscillators. These are summed together and tone weights are assigned to each of the sine waves generators to statically control the individual levels of the harmonics making up a note. The default values for the tone weights is all sine waves full on. This weighting is used in the Test Menu commands 3 and 4 to turn of the all but one of the sine waves making up the specific note.
All of these parameters can be “tweeked” in the code if different characteristics are desired. The default values chosen were in the middle of the range specified by the IEC standard. However, the IEC standard also recommends some individualization of the sounds from one manufacturer to another. So, adjusting any of these parameters can provide a level of customization.  
The sample rate was chosen to be 25ksps for this application. This provides “over-sampling “, allowing the use of an inexpensive RC DAC output filter. Since the sampling rate is beyond the audio range, very cost sensitive application could get by without a DAC output filter since the amplifier and speaker frequency response will provide some filtering. The data taken on this application uses a three pole RC filter on the output of the DAC. The added circuitry in the breadboard area of the MCB2300 board is the 3 pole RC DAC filter along with a coupling capacitor.
Running the IEC60601-1-8 Medical Alarm Demo

The Medical Alarm Demo is ported to an MCB2300 demo board using the LPC2368 ARM7 processor. The Alarm Demo provides an RS-232 interface to a HyperTerminal or similar terminal program running at 9600 baud with 1 start bit, 1 stop bit, and no parity. Upon power up or after receiving a reset, the following menu should appear in the HyperTerminal window:
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Pressing ‘h’ (High Priority Alarm) will give the following menu:
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Enter the command number and press ‘Enter’ to play alarm sequence.

Pressing ‘m’ (Medium Priority Alarm) will give the following menu:
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Enter the command number and press ‘Enter’ to play alarm sequence.

Pressing ‘l’ (Low Priority Alarm) will give the following menu:
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Enter the command number and press ‘Enter’ to play alarm sequence.

Pressing ‘t’ (Test Menu) will give the following menu:
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Enter the command number and press ‘Enter’ to play the one second duration test tone(s).

Command 1 plays the lowest tone (C4) with harmonics.

Command 2 plays the highest tone (C5) with harmonics.

Command 3 plays the lowest single tone (C4) without harmonics.

Command 4 plays the highest single tone (the 4th harmonic of C5).

Command 5 resets the test settings. Commands 3 and 4 change the contents of the tone weights array (zeros out all tones except the one being played). As a result, this must be restored by invoking this command before the normal multi-toned notes are played.

The following section contains performance data taken on the MCB2300 board running the Medical Alert Tone firmware. The output of the MCB2300 DAC (after the RC filter) was fed to a Mackie CR1604-VLZ Audio Mixer (EQ set for flat frequency response) to provide the correct levels to the internal Sigmatel Codec in a Dell laptop. The laptop was running True Audio’s TrueRTA Spectrum Analyzer Software package. The Test Menu, detailed above, was used to provide the test tone bursts used in the analysis. 
Performance Data:





C4 Plus harmonics
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C5 Plus Harmonics

[image: image9.png]a5y True [l

B Top

20 50 100 200 500 AkHz % ™ ™ 20k









C4 Single Tone
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    4th Harmonic of C5 Single Tone
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         Background noise with no tones generated:
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Conclusions:

The algorithmic method of generating Audible Medical Alarms provides an efficient and very high quality method of generating alarm tones. Signal to noise ratios are in excess of 55db and fundamental and harmonic components are within a couple of db in amplitude. As a result this very easily meets the requirements of IEC60601-1-8 for medical alert tones and provides the flexibility to customize these tones (within the parameter ranges specified in IEC60601-1-8) if required. This also demonstrates the power of the NXP ARM7 microcontroller family in implementing signal processing algorithms and the quality of the peripherals (the DAC in this case). The excellent analog performance was obtained on a standard demo board, the Keil MCB2300, so this level of performance should be repeatable in a custom application as long as good layout rules are observed. The LPC2368 was used for this demo, however, this could be easily ported to any of the LPC2000 series that include a DAC. 
