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ABSTRACT 

 
A low cost digital frequency meter was implemented using a microcontroller to replace the 

moving coil analogue types. The retrofitted digital meter has the additional benefit of shutting 
down the generator in case of over or under frequency after a fixed delay; a feature not usually 

incorporated in analog frequency meters.  The developed meter measures frequency in the range 

of 0 to 99 Hz, with an accuracy of ± 1 digit, which is acceptable in comparison with commercial 

analogue frequency meters usually found on electric generators. Due to flexibility inherent in 

micro-based designs, other operating features may be easily added. These include: line voltage 
and current measurements, power and power factor measurements, and other abnormal 

conditions monitoring and alarms. 

 

SIGNIFICANCE: A low cost digital frequency 

meter was developed to provide an alternative to 

the analogue types with some additional protection 

facility added. 

 

KEYWORDS: Frequency measurement, retrofit, 

microcontroller, generators  

 
 

1.0 INTRODUCTION 
 

The frequency of a generator is one of the most 

important parameters to be constantly monitored. 

This is because it is one of the immediate 

indicators of the state of the machine.  For 

instance, a low frequency means the machine is 

running at low speed (speed = 120 x frequency / 

poles) which could be an indication of the need of 

attention; either loss of compression or 

malfunctioning of the fuel regulators (injectors or 

carburetors).  Moreover, low frequency operation 

is detrimental to the alternator field system, as the 

low speed results in low voltage output, which 

consequently leads to the AVR sending more 

power to the field, in an effort to maintain the 

output voltage constant. 

Most generators came equipped with either an 

analog (moving coil) frequency meter or a 

vibrating “tuning fork” type using resonance 

principle (Integerated Publishing, 2008). 

Experience has shown that these meters, especially 

the moving coil types are not rugged and many 
suffer from the usual analog instruments 

shortcomings: parallax errors, source loading, etc 

(Cooper and Helfrick, 1990). Digital instruments, 

on the other hand, have superior accuracy and 

input characteristics. In addition, it is relatively 

easy to add other features such as polarity 

indications, auto range selection, and is easy to 

interface with computers (Cooper and Helfrick, 

1990). 

. Careful study of existing analog meters showed 

that most of their scales are accurate to only one 

digit.  Therefore, the digital system was 

implemented with only two digits to produce a low 

cost device.  The error is then  1 digit (Gregory, 

1983; Cooper and Helfrick, 1990), with the 

instrument giving a reading of 0 to 99 Hz. 

There are many techniques of frequency 

measurement digitally. The most basic is to count 

the number of pulses passing a “gate” for a known 

period (usually one second (Gregory, 1983; 

Cooper and Helfrick, 1990; Griffiths, 2003). For 

low frequency measurements, (lower than the so-

called cross-over frequency f0 ) given by 

 

clkff 0 ,           (1) 

 

Where:  fclk - is the system clock frequency. 
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It was suggested to use „period measurement” and 

the frequency can then be obtained by 

mathematical inversion of the measured period 

(Gregory, 1983). Figure 1 shows the block 

diagram of a simple frequency counter (Cooper 

and Helfrick, 1990). 

 

 
   

Figure 1: Schematic of simple gated frequency counter 
 

This frequency counter operates on the principle of 

gating the input frequency into the counter for a 

pre-determined time. For example, if an unknown 

frequency was gated into the counter for one 

second, the number of counts allowed into the 

counter would be precisely the frequency of the 

input. Figure 2 shows a typical waveform of the 

counter. 

 

 
 

Figure 2: Waveforms of gated frequency counter 

 

Period measurement involves counting the number 

of clock units from an oscillator whose frequency 

is known, which occurs during one cycle of the 

unknown frequency, the unknown frequency being 

used to open and close the main gate (Gregory, 

1983). A schematic of the arrangement is shown in 

Figure 3. Period measurement enables more 

accurate determination of low frequency signals 

than using direct counting frequency due to the 

increased resolution possible, although an 

allowance must be made for the trigger error 

(Gregory, 1983; Cooper and Helfrick, 1990). 

Another frequency measurement technique is the 

frequency ratio method, where the lower frequency 

is used to operate a gate while the higher 

frequency signal is counted (Gregory, 1983; 

Cooper and Helfrick, 1990).  The display 

frequency is then given by frequency A/ frequency 

B.  (Cooper and Helfrick, 1990) gave details of 

three methods of measuring frequency with 

analysis of sources of errors. Other methods which 

are nowadays popular include: PLL frequency 

multiplication technique, linear and vernier 

interpolation, and time interval averaging 

(National Instruments, 2008; Moore et al., (1996), 

In Microchip (1997), an 8-bit microcontroller was 

used to implement a frequency counter with a 

resolution of 16-bit. The low frequency range is 
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however limited to 50Hz. 

 In this work, a low resolution frequency meter 

was implemented using a low cost, 8-bit 

microcontroller, as a direct replacement of the 

analog types on low voltage generators. As with 

most retrofits, the replacement should not cause 

any detailed modifications to the existing system. 

An immediate benefit of the retrofit was the 

inclusion of an under/over frequency shutdown 

facility. In section two, the block diagram and 

description of each block of the proposed retrofit 

are described. The hardware and the software 

details are presented in sections three and four 

respectively.   

 

 
 

Figure 3: Period Measurement System  
 

 

2.0 MATERIALS AND METHODS 

 
   

2.1 System Description 
This work implements the frequency meter using 

pulse counting approach. The block diagram of the 

system is as shown in Figure 4. The justifications 

for this choice are as outlined below: 

 

1) Instrument should have low component 

count 

2) The resolution of most meters on 

generators is low 

3) The processor would not be doing any 

other task apart from the frequency counting and 

refreshing the display   
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Figure 4: Block diagram of a digital frequency meter 

 

The 220 V, 50 Hz voltage of the generator is 

stepped down to 12 V ac from which the +5 V and 

+12 V for the microcontroller and other sub-

systems are derived. The zero-crossing detector 

produces pulses at each zero crossing of the 

voltage waveform which is then routed to the 

external clock input of the PIC16f84A 

microcontroller. An exact software one second 

delay was created to allow counting these input 

pulses. The number of pulses counted is then 

converted to BCD, and then sent to the display. To 

reduce component count and I/O requirements, the 

display is software multiplexed (Microchip, 1997), 

which is continuously refreshed approximately 

every 20 ms. The measured frequency is also‟ 

compared with set limits. If it is outside the limits 

for approximately five seconds, the shutdown 

command is given. 

2.2 System Hardware 

The schematic diagram of the hardware is shown 

in Figure 5. 

 

 
Figure 5: Schematic diagram of microcontroller based frequency meter 
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The zero crossing detector comprising resistors 

R2, R3 and R4, as well as transistor, T1, is a 

simple pulse generator which generates pulses at 

the zero crossing of the voltage waveform 

(Microchip, 1997). The display is a common 

cathode type which is continuously refreshed by 

the microcontroller. Every 20 ms or so, the data for 

each digit is alternately switched. 

 

2.3 Software Design  
The pseudocodes for this implementation are as 

follows: 

 

1 Initialise 

a    Set portb as output 

b Porta0, a1, a2,as outputs 

c Porta3,a4 as inputs 

d Timer0 divide by 2 and external 

counter mode 

 

2 Check for first pulse 

 a if present continue to 3 

  else  goto 2 

3 Synchronise to incoming signal 

 

4 Clear timer0 

 

5 Delay for 1 second 

 a Refresh display 

 b If 1 second is up then go to step 6 

  else go to step 5a 

 

6 Read timer0 content and save in frequency 

register 

 

7 Convert frequency to bcd 

 

8 Store in digit registers (lsb and msb) 

 

9 Check if frequency is within limits 

 a if OK go to step 3 

  else start shutdown sequence 

 

The pseudocodes for major subroutines are as 

follows: 

 

1  Subroutine binary_to_bcd 

Purpose : To convert the frequency reading to bcd 

a If frequency > 60 then return with 

99 in w register 

Else lookup the bcd equivalent 

 b Store value in output digit 

registers (digit1 and digit2) 

 

2  Subroutine for bcd to seven segment converter 

Purpose : To convert the 4-bit bcd number in w to 

seven segment pattern 

 a Move masked digit to w 

 b Lookup the seven segment 

pattern 

 c return with w containing the 

pattern 

 

3 Subroutine range check 

Purpose : To check whether input frequency is 

within limits 

 a Set range flag 

 b If frequency >low-frequency or 

frequency < high-frequency then return 

  Else clear range flag and return 

 

4 Subroutines for 1ms, 5ms, and 200ms 

delay 

       Reproduced from (Microchip, 1997) 

 

2.4 Construction and Testing 

 

The circuit was constructed using three cut strip 

boards to fit inside existing frequency panel meters 

(2” by 2” type). The linked boards were then 

inserted into the panel as shown in Figure 6. 
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Figure 6: Complete assembly in casing 

 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 Results 

Applying 220 V, 50 Hz input voltage the display 

showed the frequency as 50 Hz, while a standard 

laboratory frequency meter indicates 50.234 Hz. 

This result is acceptable because the retrofit has 

only two-digit display, which has resolution of 

±1%. Further tests with a variable frequency 

source gives the results presented in table 1. 

 

Table 1: Accuracy comparison test 

 

Commercial 

Digital meter  

Developed meter 

45.65 46 

47.36 47 

50.23 50 

51.65 51 

55.20 55 

 

To test for over / under frequency, the CLK OUT 

signal from the zero crossing detector was 

removed (see Figure 5), and a TTL level variable 

frequency signal was injected into the PIC timer 

input.  Further frequency tests are carried out to 

ascertain the accuracy of the developed meter. The 

results are presented in Table 2. 

 

Table 2: Under and over Frequency Tests of the 

Frequency Meter Retrofit 

 

Frequency Relay K1 

45 ON 

47 OFF 

50 OFF 

52 OFF 

55 ON 

 

 

3.2 Discussion 

Form Table 1, it can be seen that the meter 

perform as designed with an accuracy of ±1 digit. 

Further improvement in the number of decimal 

places can be obtained by adding more digits in the 

display.  The sources of error in this type of 

frequency come from measurement error and also 

the crystal oscillator error.  The crystal oscillator is 

usually given in parts per million (ppm) (Van Der 

Horn, 1996). In this work, the error of the crystal 

oscillator is significant because the one second 

time interval is generated in software. The ppm of 

the 4 MHz crystal is 30 ppm (Microchip, 1997).  

This translates to an error of ±120 Hz.  The main 

attraction of using the approach adopted in this 

work, is the low component count and hence low 

cost of the final system. 
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4.0 CONCLUSION 

 

A low cost digital frequency meter was 

implemented using microchip
‟
s 16F84A 8-bit 

microcontroller. An additional function of shutting 

down the generator in cases of over or under 

frequency conditions was incorporated. To prevent 

unnecessary tripping due to short switching 

transients, a fixed software time delay was added. 

Though the accuracy is only ±1 digit, it is 

acceptable in comparison with commercial 

frequency meters. Due to flexibility inherent in 

micro based designs, other operating features may 

be easily added. These include: line voltage and 

current measurements, power and power factor 

measurements, and other abnormal conditions 

monitoring and alarms.  
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