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ABSTRACT:  

  A four-channel ultrasonic receiver is implemented. All four channels utilize a 

traditional superheterodyne design. Each channel will be capable of receiving and 

downconverting signals with frequencies from 30 kHz to 50 kHz. The system is capable of 

receiving four different continuous wave (CW) ultrasonic signals simultaneously. One 

application for this multichannel ultrasonic receiver involves analyzing the digitally 

sampled signals from an array of four ultrasonic microphones to perform triangulation to 

obtain the receiver's position in three-dimensional space. The receiver has a programmable 

local oscillator, programmable amplifiers, and a customizable low-pass filter option. The 

customized printed circuit board connects as a daughter board to an Arduino Due. The 

analog-to-digital converter (ADC) of the Arduino Due can sample data from each channel 

through a USB interface.   
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THEORY OF OPERATION:  

The following description will characterize a single channel of the ultrasonic 

receiver design. Four CW signals are received through an ultrasonic transducer. The total 

incoming signal is sent through a DC block to remove any DC component of the signal. 

The desired analog signals, which are passed through the DC block, have frequencies 

between 30 kHz and 50 kHz. The signals are passed through the preselecting low-pass 

filter. The filtered signals are passed through a programmable amplifier. The amplified 

signal is input to the RF port of a mixer, where the signal is mixed in real time with the 

programmable square wave frequency of the master local oscillator (LO). The on-board 

oscillator is set at a constant frequency of 35 kHz. The signal leaving the IF port of the 

mixer is passed through a second programmable amplifier. The amplified signal is passed 

through the IF stage low-pass filter to attenuate up-converted signals from the mixer. The 

Arduino’s on-board ADC will convert the received IF stage analog signal to a digital signal 

for processing. Samples are output to a computer through a USB interface.   

 

Figure 1 - Functional block diagram of the four-channel ultrasonic receiver  

The Arduino Due controls the LTC6910 programmable amplifier gain with a 3pin 

digital input, which is configured during software initialization.  Each amplifier is able to 

provide gains of 0, 1, 2, 4, 8, 16, 32 and 64 [V/V]. The Arduino Due controls the LTC6903 

oscillator frequency with a 16-bit serial word through an SPI protocol, which is configured 

during software initialization. The LO frequency can be programmed from   1 kHz 

to 68 MHz, but will have an operational frequency of 35 kHz.   

The Arduino Due powers all functional elements. The microphones and amplifiers 

are powered on the 3.3 V rail on the Arduino. Because the amplifiers are powered by 3.3 

V, the maximum output voltage from the amplifiers will be 3.3 V. This maximum system 

voltage is desired because the Arduino Due analog input pins are rated for a maximum 

voltage of 3.3 V. The mixer, local oscillator, and XOR gates are powered from the Arduino 

Due 5 V supply. The general schematic of each low-pass filter is shown in Figure 2.  
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Figure 2 – Low-Pass Filter Schematic  

  

TESTING AND EVALUATION:  

  Figure 3 shows the output of the local oscillator (yellow), the IF filter (green), and 

the frequency spectrum output of the IF filter (purple) for a single channel.  A 40 kHz sine 

wave from a function generator was input to the RF input port of the mixer. The on-board 

local oscillator with a programmed frequency of 33.5 kHz was input to the LO port of the 

mixer. The spectrum of the system shows that the down-converted signal had a frequency 

of 6.7 kHz, and the up-converted signal had a frequency of 73.6 kHz. The downconverted 

signal power was +27.7 dB relative to the up-converted signal power due to the third-order 

low-pass IF filter.  

  

 

  

Figure 3 - Output of the IF filter in time domain (green) and frequency domain (purple), 

as well as the 33.5 kHz local oscillator waveform (yellow)  

  A CW emitting beacon was set up 6.5 feet away from the four-microphone array of 

the receiver. The beacon system was transmitting a signal frequency of 36.19 kHz. The on-

board local oscillator was set to a frequency of 29.82 kHz. The pre-mixer amplifiers were 

all set to have a gain of -16 V/V. The post-mixer amplifiers were all set to have a gain of -
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4 V/V. A preselecting filter with a cutoff frequency at 99 kHz was used. An antialiasing 

filter with a cutoff frequency of 18.27 kHz was used.   

  The results of this test are shown below in Figure 4. From this test, it was shown 

that all four-channels were properly receiving the signal and outputting the desired 

downconverted signal. Using an input CW with a frequency of 36.19 kHz and an LO 

frequency of 29.82 kHz, a down-converted signal with a frequency of 6.41 kHz was 

successfully predicted. From Figure 4, it can be seen that each channel has an output with 

a very minor change in phase and magnitude, which would be necessary information for 

system triangulation processing.  

  

  

 
  

Figure 4 – Four-channel receiver time-domain while receiving a single CW signal  

  Another test was done using two CW emitting beacon transmitters. All of the 

settings remain the same from the previous test. In addition to the 36.19 kHz CW signal, 

there was also a 43.16 kHz CW signal. The spectrum of a single channel during this test is 

shown in Figure 6, along with the time-domain output of the receiver when receiving two 

different beacon signals. From the picture it shows that the two major lobes are at 6.4 kHz 

and 13.5 kHz which are exactly where the expected down-converted signals would be given 

an LO frequency of 29.82 kHz. The up-converted signals can also be seen at 66.1 kHz and 

73.2 kHz, although they have a minimum attenuation of 29.7 dB, verifying the function of 

the third-order low-pass filter. The largest spur appeared at about 21 kHz and was 

attenuated 19.7 dB.   
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Figure 5 – Frequency domain of the four-channel mixer output while receiving two 

beacon signals  

 
  

Figure 6 – Frequency domain of single channel mixer output while receiving two beacon 

signals  
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SOFTWARE DESCRIPTION:  

          Software for the Arduino Due initializes programmable components, including the 

LO and digital amplifiers. The Arduino Due ADC is also used for the signal sampling. Four 

analog signals act as inputs to the Arduino on four separate analog pins and are converted 

to digital signals by the Due’s on board ADC. FFT routines are implemented using FFT 

libraries that currently exist in the Arduino community. FFT functions were tested to 

extract amplitude and phase information to be used in later processing. The ADC uses the 

radix4 library and is able to sample the signal at a rate of 19,200 samples/sec and perform 

a 2048-point FFT. However, the onboard FFT only extracts amplitude information and 

does not report phase information. To extract the phase information from a signal, the 

signal data must be read on an external device. To perform the FFT, ADC values were 

printed to the Arduino serial console and uploaded into a Matlab FFT script. The phase and 

amplitude information of the ADC samples were successfully extracted, as seen in Figure 

7 and Figure 8. The original goal, to read the incoming signals on four separate analog pins 

simultaneously, was unsuccessful. ADC values were successfully read on one pin.   

 
  

Figure 7 - FFT magnitude plot of 4.9 kHz signal performed in Matlab  
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Figure 8 - FFT phase plot of 4.9 kHz signal performed in Matlab  

  

CONCLUSION:  

 A four-channel ultrasonic receiver system is successfully implemented utilizing an 

Arduino Due for ADC sampling and system controls. The receiver system will be used for 

testing and evaluation of system triangulation [1]. The triangulation system will receive 

signals from broadcast transmitters and analyzes these signals to estimate the receiver’s 

position, groundspeed and heading. The triangulation will be achieved using information 

such as relative phase, signal power, and transmit antenna position for radiolocation and 

radionavigation purposes.  
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