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There are various techniques to measure the distance using ultrasonic 

testing. Ultrasonic testing method is based on the capture and quantification 

of either the reflected waves or the transmitted waves and is also based on the 

vibration in materials which is usually mentioned as acoustics. The ultrasonic 

time-of-flight (TOF) to measure the distance includes different techniques 

like pulse echo method [1], threshold detection, cross-correlation estimator 

[3] etc. The measuring distance products can contain infrared light emitters 

and receivers. The ultrasonic testing is based on the reflection of sound 

waves which are travelling in a medium.  

The measuring device mainly consists of the transmitter unit and the 

receiver unit. The sound waves travelling from the transmitter unit is received 

in the receiver unit as reflected waves which are called as echo signal. To 

measure the distance the time taken for the sound waves to travel the distance 

from the source to the subject and back to the source and speed of sound in 

the medium is required. The ultrasonic measuring devices are used in 

industrial applications to measure the distance in different mediums. 

The pulse echo method or the TOF method [1 ]consists of a transmitter 

unit containing a switch which helps allowing the sine wave from the 

function generator to the gain amplifier. The transmitter excitation is 

controlled digitally which is given from the function generator through the 

switch. The microcontroller is used for switching signal, and to calculate the 

distance. The receiver unit contains the amplifier which is required when 

higher frequency pulse is received and the comparator which compares the 

output signal with reference threshold level to clear out the noises and false 

triggering. Then it passes through the voltage limiter to which sends to 

microcontroller to count pulses. The transmitter passes the pulses which are 

received at the receiver as echo pulses. The time-of-flight (TOF) is calculated 

by microcontroller using the time delay between the received pulses and the 

transmitted edges. The Fig.1.shows the echo signal reflected at the receiver.  
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Fig.1.Echo Signal 

 

The other different approaches for ultrasonic time-of-flight (TOF) to 

measure the distance are such as the measuring method based on threshold 

detection, cross-correlation estimator and discrete extended Kalman filter [3]. 

The two consecutive steps for TOF-based measurements are the first step is 

for the digitization of the received ultrasonic signal through a data acquisition 

system, and the second step includes a suitable digital signal-processing 

algorithm is applied to the acquired samples for the preferred TOF. Major 

sources of inaccuracy can be found in additive noise affecting the acquired 

ultrasonic signal, shape distortion of the received echo, and dependence on 

temperature of the propagation velocity.  

The threshold method is used in realizing on actual sensor in a simple 

but the drawback is the echo signal undergoes from noise sensitivity and in 

the signal shape distortion.. The cross-correlation estimator method is used to 

detect the maximum value of the cross-correlation between the return signal 

and a reference signal and the drawback is echo shape distortions. The 

Kalman filter method is for a linear process which uses a kind of feedback 

control based on measurement results of measures that are linear functions. 

The TOF approximation inherently accounts for distortions the ultrasonic 

echo in the end experiences; with a consequent positive effect on bias 

reduction is the main advantage of the Kalman filter approach. This has been 

helped to improve the accuracy of ultrasonic-based location systems of robots 

[4]. 

The unscented Kalman filter [7] is a new addition of the Kalman filter 

method to calculate the reflected echo signal and to trace its onset accurately 

using digital signal processing method. This method has helped to improve 

the issues related to presence of noise and other interfering signals, amplitude 

attenuation and shape distortion of ultrasonic echo, temperature and humidity 

and TOF evaluations not greater than 0.3%. The experiment observed in free-

space has distances varying inside the interval 400–1000 mm whereas while 

experiment observed in closed tank has distances varying inside the interval 

350–510 mm. The values of bias (δ) percentage and experimental standard 
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deviation (σ) percentage are marginally greater in closed tank than those 

observed in free-space. 

The distance measurement using cross-correlation by single-bit signal 

processing  [5] is calculated by comparison with cross-correlation of multi-bit 

digital signals and interpolation of cross-correlation function with the linear 

approximation of the phase created using computer simulations and the 

experimental results. The amount of noise in the received signal is reduced 

by the using the triangular weighted moving average filter. The high-time-

resolution cross-correlation function can achieve higher peak amplitude than 

the cross-correlation function of 8-bit digital signals. The distance 

measurement with cross-correlation by single-bit signal processing result has 

improved accuracy of distance in a noisy atmosphere.  

In the above method, the time resolution of the received linear 

frequency modulated signal’s TOF is characteristically better by introducing 

the cross-correlation function with its phase or refining the sampling 

frequency of digital signal processing. The previous needs a large lookup 

table of arctangent and complex cross-correlation operation, while the latter 

significantly increases the calculation costs of cross correlation and the time 

resolution of the cross-correlation function. The design costs of cross 

correlation by single-bit signal processing are constant and self-determining 

of the sampling frequency of digital signal processing. And so, cross 

correlation by single-bit signal processing is an effective method for 

improving the time resolution of the TOF. 

The binary frequency shift-keyed (BFSK) [6] ultrasonic distance 

measurement system is based on combining both TOF method and the phase 

shift method in view of change in temperature and humidity to increase the 

accuracy of the result. The problems are reduced with the no-ideal behavior 

of the ultrasound transducers. The received signal has two steps to process 

one is TOF calculation using the elapsed time, which is the travel time of the 

signal from the transmitter to the receiver and the phase shift calculation 

using phase shifts detected by the received signals with respect to the 

transmit signals. The accuracy of the phase shift is limited by the amplitude 

accuracy of the samples and the resolution of the analog to digital converter 

and the refined range does not exceed a wavelength of the transmitted 

signals.  

The pulse echo method is the easiest method to measure the distance 

when compared with the analyses of different approaches. The echo signal 

reflected at the receiver makes the microcontroller with LCD which is user 

friendly. The echo signal provides the accurate measurement of distance with 

reduced noise in the signal under the different temperature range. The 

different approaches of ultrasonic time-of-flight (TOF) to measure the 
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distance have a result of improved accuracy in noise, amplitude attenuation, 

and shape distortion of ultrasonic echo, temperature and humidity. 
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