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Abstract. Ultrasound measurement technology can be used in nondestructive testing, temperature 
measurement, ranging and other industrial fields. These technologies all depend on the measurement 
of ultrasonic wave speed or sound time. At present, the commonly used ultrasonic time measurement 
methods are direct time difference method and phase difference method, but both of them have 
certain limitations. In this paper, an algorithm for high precision ultrasonic time measurement is 
presented. In this algorithm, zynq-7000 FPGA is used as the control core of the system hardware 
circuit, and the signal generator module is used to generate the ultrasonic signal. The time difference 
and phase difference between the received and received signals are measured to determine the 
ultrasonic transit time. The experimental results show that the system can accurately measure the 
time, the phase resolution is 0.007 degrees, and the time accuracy is better than 1.0ns (nanoseconds). 

Keywords: Ultrasound time, direct time difference, phase difference, integer-decimal detection, 
FPGA 

1   Introduction 

Time interval is an important index of measurement technology, which is of great significance in 
industrial production and national defense construction. Especially high-precision time interval 
measurement technology, is not only widely used in positioning, communications, medical and other 
fields, but also plays a decisive role in the military. 

The measurement of sound speed actually includes the measurement of sound time t and sound path 
L. Usually the sound path is a known quantity, so that the measurement of sound speed is converted to 
the measurement of sound time. The sound speed is as follows: c=L/t. 

The commonly used time measurement methods include direct time difference method, phase 
difference method, analog interpolation method and time-amplitude conversion method. The principle 
and operation of direct time difference method are simple, the circuit structure is simple and the 
measurement is convenient. However, its accuracy is greatly affected by the clock frequency of the 
counter. For example, the time accuracy of 100MHz clock frequency measurement commonly used in the 
market can only reach about 0.01s (1/100MHz), which is very difficult for many tests that need to 
reach ns level or even higher accuracy requirements. 

The phase difference method calculates the phase difference of the receiving and receiving signals, and 
uses the relationship between the phase difference and the period to calculate the time difference. 
Suppose that the frequency of sound wave is 2 MHz and 12-bit A/D converter is used, so that the 
theoretical and practical detection accuracy can reach 0.122ns, and the detection accuracy is relatively 
high. However, the disadvantage is that it is impossible to judge whether the phase difference exceeds 
360 degrees, which results in a rather narrow measurement range. 

The analog interpolation method has obvious nonlinearity, large error, long conversion time and 
extremely complex circuit design. The time-amplitude conversion method converts time measurement 
into voltage measurement, which has the advantages of easy debugging, large non-linear error and poor 
stability. Moreover, the time-amplitude converter is analog circuit, and its fabrication process and 
debugging are complex. 
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Combined with the above analysis, the proposed Integer-Decimal Detection algorithm combines the 
advantages of direct time difference method and phase difference method, avoiding the shortcomings of 
the two methods. The direct time difference method is used to measure the whole time, and the phase 
difference method is used to measure the decimal. The sum of the whole decimal is the high-precision 
sound time. 

In the field of temperature measurement, the measurement of temperature field inside structure is of 
great significance to quality assurance, process control, safety assessment, etc. It has a wide application 
background and strong demand in military, energy, machinery, metallurgy and medical fields. At 
present, the temperature field inside the structure is mainly measured by contact type, that is, by 
sticking or welding on the surface of the measured object, or by installing sensors in the internal 
perforation. However, this method has some limitations, such as local temperature change or stress 
concentration caused by the failure of the perforated structure. Although infrared technology and 
phosphorescence thermography technology can achieve non-destructive temperature measurement, they 
are limited to the structural surface. 

Ultrasound temperature measurement technology can realize non-destructive and non-contact 
detection of the temperature field inside the structure. By calibrating the functional relationship 
between the ultrasonic signal (mostly wave velocity) and the temperature of the medium, the 
temperature range from 2-20K to 17 000 K can be measured. In addition, the ultrasonic temperature 
measurement method has the advantages of faster, more accurate and wider application range than the 
traditional temperature measurement method, so it has a broad application prospect. In some special 
occasions and extreme conditions where conventional temperature measurement methods cannot be 
applied, such as adverse thermal protection structures, nuclear reactor under high temperature and 
strong radiation conditions, rocket launching, plasma chamber, inert gas and other high temperature 
measurements, the ultrasonic method is also considered as one of the most potential temperature 
measurement technologies. 

Because of the fast propagation speed and short transit time of ultrasound in the medium, it is 
necessary to measure the propagation of ultrasound in the medium at a very high acquisition frequency 
in order to identify the temperature field inside the medium. It is pointed out that the acquisition 
frequency cannot meet the current requirements, so it is necessary to apply the integer-decimal detection 
technology in this area. 

2   Principle of Integer-Decimal Detection 

As shown in Fig. 1, the propagation time of sound wave is equal to the sum of the integral part int of 
the propagation time (the integral multiple of the period) and the decimal part odd (the decimal 
multiple of the period). 

 

Figure 1. Principle of integer-decimal detection 

It is assumed that the excitation waveform satisfies: 
 0( ) cos(2 )s su t U ft    (1) 

In the formula, Us is the amplitude of the waveform, f is the frequency of ultrasound, 0 is the initial 
phase. 

Ts 

int odd time 

ttof
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In addition, the phase difference method can also be simulated in MATLAB. The simulation results 
are shown in Fig. 6. 

From the previous discussion, it can be seen that although the direct time difference method has the 
advantage of wide detection range, it can be used to detect the propagation time of sound. But it has 
the disadvantage of low detection accuracy. Although the phase difference method has the advantage of 
high accuracy in detecting sound propagation time, it has the disadvantage of narrow detection range. 
The integer-decimal detection algorithm based on FPGA can detect propagation time and overcome the 
shortcomings of both, retaining the advantages of both. The phase resolution is 0.007 degrees, and the 
accuracy of acoustic time measurement is better than 1 ns. It is easy to integrate, low cost and easy to 
implement. It is a good detection technology. 
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