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Tachometer Measures Very Low Frequencies

By Francisco Sagado, Ricardo
i ILF 72

The circuit shown in the figure is a three-digit tachometer that lets you measure low-frequency events recurring at intervals of 0.235 to
15 seconds—that is, from 4 to 255 rpm. Thus, it's suitable for those biomedical applications that measure the rate of low-frequency
signals such as heartbeats, respiratory rates, EOG/EEG, and the speed of low-rpm motors or mechanisms.

A PIC16F872 MCU handles the tachometer function. The PIC senses the period of the input frequency (fin), computes the equivalent
pulses per minute, and updates the LED displays accordingly. The input signal must be conditioned for 0 to 5 V dc, and the pulse width
when the signal is high must be at least 4 ps.

The MCU solves the equation RPM = 60/T, where T is the period of the sensed input. The constant 60 represents the 60 seconds in a
minute to give an equivalent readout of pulses or revolutions per minute (rpm). The time base for this circuit is supplied by the 32-kHz
crystal (Epson C-001R32.768K-A 120 ppm), which in turn triggers T, the PIC's internal timer. Timer1 contains a programmable
prescaler that's set to 1/8. This prescale generates a divided frequency of 4 kHz. Timer1 contains 16 bits, yielding a resolution of 0.00025
seconds (250 ps), and performs the period measurement.

Timeri is enabled via software at the positive edge of the input signal on input RC2. When the next positive edge arrives, Timert is
disabled. This way, Timer1 contains a binary count that corresponds to the period of the input signal. Because the resolution is 0.00025
seconds, we have to make three right shifts to get 0.25 seconds. So, our new rpm equation will be RPM = 60000/T.

The table shows how the rpm readings are obtained, starting from the counter (Timer1), which contains the period's reading. For
example, if the PIC detects a signal whose period is 1 second, the counter reading will be equal to 1600 decimal because the internal
frequency divider is set to 4. The resulting rpm reading for this signal must be equivalent to 60.

See the software routine to perform this task in this article's online version at . It works as follows: The PIC monitors the input (RC2)
waiting for a low-to-high transition. When a transition is detected, Timer1 is enabled by setting the bit TMR10ON.

The PIC then waits for the next low-to-high transition. When that happens, the PIC disables the bit TMR1ON to stop the counting. Now,
the respective period reading resides in registers TMR1H and TMRiL.

To avoid having an out-of-range reading, we have to check the overflow bit called TMRIF. If this bit is set, it means that signal's period is
too long to be measured. In this case, the program goes to label UNDF, which will display the message "OUF,” or overflow. This indicates
the input signal has a period higher than 16.384 seconds.

If there's no overflow, we have to verify that the period measurement is equal to or higher than 940 (equivalent to 255 rpm). If this
reading is below 940, the program goes to label OVERF, which will display the message "00F." This indicates that the reading is above
255 rpm.

If the value is greater than 940, the reading will be divided by four using the routine DIVS, which works with two pairs of registers
(ACCb and ACCa) that form two 16-bit numbers. To obtain the period, the formula is ACCh/ACCa = ACCh, and then the number 60,000
(EA60H) is divided by AOCb using the routine DIVS again. This gives us the rpm value in binary code, so we must convert it to BCD
code.

To perform that operation, we transfer the reading to W and then call the routine BINBCD, which converts the binary reading to BCD
code using the registers Ro, R1, and R2 (where R2 is the most significant digit). Finally, each register is converted to a seven-segment
code so that it can be shown on the LED display. Two computed tables perform the seven-segment operations, SEGM and SEGM2,
where the last table handles the hundreds digit.
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Psuitable for biomedical applications, this tachometer senses the input signal's period. Then, a
software routine performs the calculations needed to show readings directly in rom on the three
seven-segment displays.
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