Friday, October 6, 2006: Echomatic Work
1) Using the TI INA163 document, and considering the goal of a common supply voltage for all stages, what is the effect of supply voltage on the gain and performance of the INA 163 used in the transducer amplifier? What is the cost of batteries for the various supply voltages? How do those costs affect system reliability, i.e. are you up against the stops?

Answer: Gain is independent of supply voltage as long as the minimum supply voltage is present.

	Condition
	Supply
Voltage
	Max Output
Swing @ 15mA
	Cost per 

Watt
	Circuit
Reliability

	Absolute Maximum
	±18 V
	±16 V
	$2.20*
	lowest

	Typical
	±15 V
	±13 V
	$0.0435*
	high

	Ni-MH
	±14.4 V
	±12.5 V
	$0.015†
	SAFE

	Joey’s
Design
	±12 V
	±10 V
	
	high

	Van’s Preference
	±9 V
	±7 V
	$0.010*
	higher

	Absolute Minimum
	±4.5 V
	±2.5 V
	
	highest


*Based on the cost of the Ultralife disposable 9V lithium battery.
**Based on the cost of the  APC rechargeable 15-20V lithium laptop battery.
† Based on the cost of the Yeah Racing ble 14.4V NiMh battery.

NOTE THAT LITHIUM BATTERIES SHOULD NOT BE USED BY DEVICES FOR THE BLIND AS FIRE DANGER IS INCREASED.
Also note that INA163 can tolerate supply voltages from ±4.5 V to ±18.0 V while the VFC320 can tolerate supply voltages from ±13 V to ±20.0 V. The Ni-MH technology at 14.4 V is the only single supply that can satisfy both devices. Note that two battery packs are required, one for the high side, one for the low side.

2) What is the impedance of Prowave 400WB160 wide band ultrasonic transducer as configured as a receiver in the transducer amplifier?

According to the diagram, the impedance is about 1600 Ω ± 500 Ω at the centerpoint operating frequency of 40 kHz ± 4 kHz.
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A ferrite core matching transformer with a winding ratio of 8:1 may improve the performance of the INA163 preamplifier, if the impedance scales with winding number.
3) Is the output of the transducer amplifier two-wire for pass-thru to successive stages, or is it in three wire differential amplifier with a neutral ground. What circuit would one use to convert between the two forms of amplifier output?

4) What was the value of the gain resistor RG in my implementation of Joey’s design? What are available gains?

The value of the gain resistor in Joey’s design was 61 Ω. According to the gain equation:

G = 1 + 6000/ RG

Thus the original design provided a gain of 100.
In my implementation a 4.9 Ω resistor is placed in series with a 100 Ω potentiometer to provide RG values ranging from 4.9 Ω to 104.9 Ω  for a range of gains from 58 to 1225.

5) What is the power consumption of the INA163?

10 mA typical, 12 mA max. This does not count other resistive losses in the circuit.
6) The environment can be pulsed by active voice, passive chirp, or voice modified chirp. The advantage of active voice is that one can choose the signal transmitted to the environment. The disadvantage of active voice is that interference may result if the reflected signal returns while the voice is still sounding. The advantage of passive chirp is that one can just listen and turn one’s head, or move the transmitters with the hands and “see” what the different beam returns produce. The disadvantage of passive chip is a fairly fixed repertoire of sonic samples to ping the environment with. This suggests that a whisper-click mode might be appropriate, because one can hear well during one’s own whisper.

The question is in either case, what are the maximum and minimum voltages sensed by the receiving transducer, and what gain factor are necessary for compatibility with the octave multipliers?

Using a first order approximation of .01 to 10 mV returns, the voltage appearing post pre-amp would be .1 to 10 V for a gain of 1000, and .01 to 1 V for a gain of 100.


7) Develop a spreadsheet that computes the voltage and current levels for the Prowave 400WB160 wide band ultrasonic transducer. The document that outlines the calculations is the Selection And Use of Piezo Ceramic Ultrasonic Transducers from the Prowave site.

[currently struck as unnecessary due to the adequacy of the documentation]

8) Show your simulation model of the INA163 amplifier in the transducer amplifier setting with the transducer equivalent circuit, substituting the voltage and current levels in mV and µA, respectively for the actual sound pressure level (SPL) values.

[currently struck as unnecessary due to the adequacy of the documentation]


9) Consider using the Prowave ranging chip directly for ranging, and letting the user – rather than a microprocessor – do the DME by sound. A microprocessor could be used for a blind-deaf person however to provide tactile ranging stimuli. Consider how the TI VFC320 scheme relates to this. Consider especially how the time based amplification scheme improves the quality of echo perception. Consider using the entire ranging module and interfacing it to some perceptual hardware.
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