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Abstract

For the oscilloscope, spectrum analyzer and other analog
circuit equipment measured characteristics of the narrow
frequency range, slow frequency measurement, the
design of the digital frequency based on a C8051F020
microcontroller. Frequency meter hardware part mainly
C8051F020 microcontroller, high speed
comparator and TFT LCD screen. Comparator converts
the enter signal into a square wave signal for the
count, TFT LCD
measurement frequency. Using a direct measurement
frequency  method
measurement of the week in the control algorithm, which
improved the accuracy of the measurement frequency.
Experiments show that: the digital frequency meter can
achieve the purpose of frequency measurement of digital,
measurement frequency range of 1 Hz~4 MHz, and
measurement frequency accuracy is high.

Frequency, is to describe the frequency of periodic
movement of the physical quantity, easy to transmit,

includes

microcontroller screen display

combined with the direct

anti-interference ability, many engineering
measurements are related to frequency, such as sound
frequency, mechanical vibration, measurement speed™.
With the advance of the digital process, the traditional
frequency-based circuit and timing circuit design of the
frequency meter in the speed, accuracy and other aspects
of the trend gradually, but was based on ultra-large-scale
integrated circuit technology developed from the digital
frequency meter to replace it on a large scale. Digital
frequency meter can not only solve the problem of low

efficiency of analog circuit information processing and

transmission, but also improve the accuracy of frequency
measurement!?. Digital frequency meter is the use of
digital circuits can be achieved on the cyclical changes in
the signal frequency measurement of the instrument can
be used to measure sine wave, rectangular wave,
triangular wave and sharp pulse and other periodic signal
frequency™.

At present, there are many ways to measure the
frequency of the frequency meter. Commonly used
methods include interpolation method, cursor method,
precision frequency measurement method, frequency
difference multiplication method, phase comparison
method, direct frequency measurement method and
direct measurement method. Interpolation method and
cursor method for analog circuits, the circuit design is
complex, poor stability®. Frequency difference method
is mainly used for frequency stability measurement,
anti-jamming performance is poor®. Equal precision
frequency measurement method is very high accuracy,
fast operation, but most of its use of the chip is a
programmable logic
complex™. Phase comparison method is mainly used for
frequency accuracy and stability measurement,

device, programming more

measurement accuracy by the hardware equipment
constraints®. Based on the single-chip digital frequency
meter commonly used frequency measurement method
has direct frequency measurement method and direct
measurement method, the direct measurement of the
frequency range is limited, can only measure low
frequency™. Direct frequency measurement is also
limited by the frequency range, can only measure high
frequency™.

This paper designs a digital frequency meter based on
C8051F020 single chip microcomputer. The frequency
measurement method of digital frequency meter adopts
the direct frequency measurement method and the direct
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measurement method. The hardware module is based on
C8051F020 single chip microcomputer as the core, thus
overcomes the analog circuit frequency measurement
range Limited, low rate of measurement problems.

1 Fundamental

The timing of the direct frequency measurement is
shown in Figure 1. When the rising edge of the signal
arrives, the gate time is on and the counter starts
counting and stops counting when the gate is closed. If a
signal in the T seconds to repeat the change N times, we
can see that the frequency of the signal

f=— D

f<f

m

Where: is the frequency to be measured, Hz;

T is the gate time, s; N is the number of times the
signal to be measured changes within the gate time T ,

dimensionless.

Figure 1. Direct frequency measurement
Direct measurement cycle timing shown in Figure 2. In
the cycle of the signal to be measured within a cycle time,
through the standard clock count to get the number of,
then

T=NT =—= (2)

Where: T, is the signal period to be measured, s; N

is the number of times the standard clock signal changes

in time, dimensionless; T is the standard clock signal

period, s; f. is the standard clock signal frequency,

S

Hz.
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Figure 2. Direct measurement of weekly timing diagram
When you choose to use the frequency measurement
method in conjunction with the measurement method, set

a frequency threshold f_, when the measured signal

m:*

frequency f > f_, the choice of direct frequency

ml
measurement method. When the measured signal

frequency f < f_ , the choice of direct measurement

method. After several experimental tests, the frequency
threshold is about 300 Hz, the error is relatively small, so

we take f_ that is equal to 300 Hz. First of all, the use

of direct frequency measurement method for the initial
frequency of the input signal, and then determine

whether the measured signal frequency is less than fm ,

if less than, then use the direct measurement of
frequency measurement frequency.

2 hardware design

Digital frequency meter hardware from the power
module, high-speed comparator module, C8051F020
microcontroller module, TFT LCD screen composition.
The signal source is generated by a function signal
generator, mainly generating square wave, sine wave for
digital frequency meter measurement. The system block
diagram is shown in Figure 3.

Signal | High-peed CAO51FO0 TFTLCD
o omaomodle. | Mol sl
module composition

Figure 3. Digital frequency meter system block diagram
Power module. The entire system uses +5 V switching
power supply. C8051F020 microcontroller system and
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high-speed comparator requires 3.3 V power supply,
which by VCC through the AS1117-3.3 low dropout
voltage regulator chip, the circuit shown in Figure 4. In
order to prevent crosstalk between different ground, to
improve the anti-jamming capability, digital ground and
analog use of zero ohm resistance to isolate. Since these
two systems involve analog and digital power supplies,
magnetic bead isolation between them is used to produce
different numbers of analog and analog 3.3 V power
supplies.

Figure 4. AS1117-3.3 V power supply

High Speed Comparator Module.

High-speed comparator module circuit using high-speed
comparator chip TL3016, for the sine wave rectangle
into a rectangular signal, the circuit shown in Figure 5.
TL3016 low-frequency sine wave signal shaping, the
output edge of a more serious jitter, affecting the
measurement. So in the circuit to add positive feedback,
accelerate the signal edge, while the formation of
hysteresis, which can effectively eliminate jitter.

5

5y 330k

i L VCC+ OUT p—

IN+  OUT

| {Nsc GND

LATCH
TL3016

< CON2

Figure 5. High Speed Comparator Module Circuit

C8051F020 single chip system. Digital frequency meter
frequency measurement method is mainly achieved by
the C8051F020 microcontroller chip timer and counter 2
and timer and counter 4 to complete. When the digital
frequency meter uses the direct measurement method to
measure the measured signal frequency, the timer and
counter 2 count, timer and counter 4 timing, by setting
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the timer and counter 2 in the control register
configuration bits, select the timer and counter 2 operates
in 16-bit auto-reloaded counter mode, the timer and
counter 4 operate in 16-bit auto-reload timer mode.
When the digital frequency meter uses the direct
frequency measurement method to measure the measured
signal frequency, the timer and counter 2 timing, the
timer and counter 4 count. By setting the timers in the
control register of the timer and counter 2, select the
timer and counter 2 to operate in the 16-bit auto-reload
timer mode, and the timer and counter 4 operate in the
16-bit auto-reload counter mode. When the timer and
counter registers are overflowed, the timer and counter of
the auto-reload mode set the timer overflow flag TF2 to
"1". If the interrupt is enabled, an interrupt will be
generated. At the time of overflow, the 16-bit count
initial value in the two capture registers is automatically
loaded into the timer and counter registers, and the timer
and counter are restarted™. C8051F020 block diagram

shown in Figure 6.
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Figure 6. C8051F020 block diagram

TFT LCD screen. Digital frequency meter TFT LCD
screen is mainly used to display the frequency and
picture, and drive control TFT LCD screen is the
integrated circuit chip SPFD5408. When the TFT LCD
shows the frequency, set the display area by setting the
window horizontal start position setting register of the
integrated circuit chip SPFD5408, the window horizontal
end position setting register, the window vertical start
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position setting register, the window vertical end position
setting register The address of the display data memory
can be set to horizontal or vertical. When the TFT LCD
display picture, TFT LCD screen with window display
and coordinates from the show. The window display
needs to set the size of the image display area and the
scanning direction. TFT LCD screen resolution is 320 X
240, by setting the X coordinates, Y coordinates, open up
a window, and then write

data to them, the window within the address will be set
in accordance with the direction of self-increment.

3 System software design

The system is initialized first, and when the signal is
input, the frequency is first measured by the frequency
measurement method, and then the measurement is made
by the direct frequency measurement method for signals
greater than 300 Hz. For less than or equal to 300 Hz
signal, measured by the measurement method, the main
program flow chart shown in Figure 7.

=

System
initialization

=

Frequency
measurement
method

{5

4

v
Measure the Frequency
frequency of the measurement

test frequency

%

TFT display
frequency

Figure 7. Main program flow chart

4 Experimental test

4.1 Experimental results. With the signal generator to

generate the input signal, after the high-speed

comparator TL3016, you can test the sine wave, square
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wave, triangular wave and other periodic waveform
frequency values. When the input waveform is sine wave
signal and square wave signal, their measured values and
errors are shown in Table 1, Table 2, respectively.

Table 1. sine wave measurement data table

2.5V sine wave 2.8V sine wave

Actual Measu . Actual Mea .
Relativ Relativ
value/  rement value  sureme
e error e error
Hz s/Hz IHz nts/Hz
1 1.1 0.1 1 1.2 0.2
101 114 0.13 101 112 0.109
1008 1016 0.008 1008 1013 0.005
1523 1542 0.012 1523 1538  0.0098
5010 5022 0.012 5010 5015 0.001
10000 10001 0.0001 10000 10003 0.0003
15002 15012 0'0$ 06 15002 15010 0'03(,) 05
20012 20043 0.0015 20012 20033 0.001
30008 30013 0'0$ 01 30008 30015 0'03(,) 02
10000 10000 0.0000 10000 10000 0.0000
0 4 4 0 5 5
10000 10001 0.0001 10000 10001 0.0001
00 23 2 00 34 3
40000 40001 0.0000 40000 40001 0.0000
00 42 36 00 38 35
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Table Il. square wave measurement data table

2.5V square wave 2.8 V square wave

Actual  Measur Actual Mea

Relativ Relativ

value  ements value  sureme
e error e error

/Hz /Hz /Hz nts /Hz
1 12 0.2 1 11 01
101 103 00198 101 106  0.0495
1008 1003 0'0249 1008 1001 0'0269
1523 1526 0'0;)19 1523 1514 0'0359
5010 5018 0'0816 5010 5002 0'0816
10000 10009 0.0009 10000 10008  0.0008
15002 15007 0'0503 15002 15007 0'°§O3
20012 20026 0'0807 20012 20030 0'0809
30008 30019 0'0303 30008 30023 0'0805
100000 100023 0'0202 100000 100011 0.0501
100000 100010 0.0001 100000 100009 0.0000
0 4 0 0 8 08
400000 400027 0.0000 400000 400019  0.0000
0 3 68 0 9 50

4.2 Result analysis. From the above measurement data
available, through the direct frequency measurement
method and the direct measurement method combined
with the input signal for the sine wave or square wave,
the frequency range of 1 Hz ~ 4 MHz. In the
low-frequency measurement, the relative error of the
measured value is too large, the analysis of the rising
edge or falling edge of the pulse, the high-speed
comparator TL3016 after shaping the square wave signal,
there will be up and down jitter, and the program set Is
falling edge capture. Thus, if an interrupt is triggered on
the rising edge of the jitter, the interrupt is triggered on
the next true falling edge, resulting larger
measurement error. In order to trigger the capture

in a

interrupt in the service routine, to determine whether the
true falling edge. Can be in the interrupt service routine
first delay for some time, and then determine the
C8051F020 input signal pin PO ~ 0 is not low. If so, it is
judged as a true falling edge, which reduces the relative
error at low frequency measurements.

5 Conclusion

This paper starts from the function of digital frequency

meter, analyzes the commonly used frequency
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measurement method of digital frequency meter, uses the
integrated circuit chip C8051F020 as the control module,
the high speed comparator as the waveform conversion
module, uses the TFT liquid crystal display to display,
and the method of direct measurement of the method, the
low frequency, intermediate frequency and high
frequency are measured under different voltages, and the
frequency range of 1 Hz ~ 4 MHz is preliminarily
designed, which is feasible and practicable.
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