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mbat 
mbat is a digital bat detector. 

Bats usually come out when it's dark, so they can hardly be seen and as their voice is ultrasonic they 
can also not be heard. So many people know bats only from vampire tales or from TV. The aim of 
mbat is to make the bat's ultrasounds audible. This also helps to spot a bat in faint light, as there is 
actually a bat flying around somewhere when you can hear it. 

In order to shift down the ultrasound in frequency to something the human ear can detect, it is first 
captured by an ultrasonic microphone and amplified to a higher voltage level. The gain of this first 
amplifier is adjusted by a digital potentiometer (AD5245), which is connected to mbed via an I2C-
bus. The signal is then fed into two analog filters, one low-pass filter and one high-pass filter, both 
with a cut-off frequency of 50 kHz. These two signals are then digitized by two mbed analog inputs 
at a sampling frequency of 100 kHz. These two digital signals are then transformed into the 
frequency domain by a 1024 point Fast Fourier Transform (FFT). As the high-pass filtered signal 
only contains frequencies higher than the Nyquist frequency of 50 kHz, the transformed frequency 
spectrum is mirrored on the 50 kHz Nyquist frequency back into the 0 to 50 kHz range due to 
aliasing. So a 0 to 100 kHz frequency spectrum of the original input signal can be calculated. From 
this 2 times 1024 point frequency domain signal 256 points are extracted starting at the frequency to 
be subtracted from the input signal. These 256 samples are then re-transformed into the time 
domain by an inverse Fast Fourier Transform (iFFT) and then shifted out into the mbed DAC at one 
fourth the input sampling frequency. The analog signal from the mbed DAC is then low-pass 
filtered for anti-aliasing and fed into a variable gain output stage, which again uses the AD5245 
digital potentiometer for volume control. A headphone or a speaker can be connected to mbat to 
listen to the frequency shifted bat's sounds. 

The frequency spectrum of the input signal is also displayed on a 64x128-point dot matrix LCD 
display. This gives a graphical overview of the whole ultrasound spectrum which can be made 
audible with mbat. For this spectrum display a peak-hold function was implemented to show the 
short term history of the input signal. 

Two incremental encoders allow the adjustment of the following parameters: 

 input gain 

 output volume 

 frequency shift 

 brightness of display back-light 

The adjusted values are displayed on the LCD and can be selected by the push-buttons of the 
incremental encoders. The display back-light consists of red LEDs that are PWM controlled for 
dimming. 

The hardware of the mbat consists of the mbed micro-controller, which is connected to a 
mainboard, called “mainbed”, three small PCBs called “subbeds” which hold connectors for USB 
slave, USB host, Ethernet and a micro SD card and a PCB called “mbat”, which holds the analog 
signal conditioning circuitry, the display and two incremental encoders. At present there is no 
functionality for Ethernet, USB host and the SD card in the mbat firmware. The mainbed also holds 



an I2C temperature sensor (AD7415), which is used to display the ambient temperature on the 
display. Figure 1 shows a block diagram of the hardware, while  Figure 2 to Figure 6 show the 
schematics of the five PCBs mbat consists of. Figure 7 shows a picture of the fully assembled 
device with opened case. 

All software functionality has been put into libraries and classes where possible, so the main 
function is short enough that it can be fully presented here as a brief sample of code. 

 

 

 

 

Figure 1: Block Diagram of mbat (Hardware) 

Figure 2: mainbed Schematic 



 

 

Figure 3: mbat Schematic 

Figure 4: subbed_usb 
Schematic

Figure 5: subbed_sd Schematic 

Figure 6: subbed Schematic 



 

 

Figure 7: mbat with opened top case, headphones and ultrasonic microphone. The author's name 
had to be covered to comply with the contest rules. 



// brief sample of code 

int main() { 

    // set input gain to 1 

    gain_pot = 255; 

 

    menu_a.add_item( "Volume", 50, "%", 0, 100, set_volume ); 

    menu_a.add_item( "Shift", 200/8, "kHz", 0, (N_IN-1)/8, set_shift, 

     8.0*(float)SAMPLE_RATE/2.0/(float)N_IN/1000.0 ); 

    menu_a.add_item( "Gain", 1, "", 1, 100, set_gain ); 

    menu_a.add_item( "Dim", 10, "", 0, 10, set_dim ); 

    menu_a.next(); 

    menu_b.set_menu_list( menu_a.get_menu_list() ); 

    menu_b.next(); 

     

    int i = 0; 

     

    while (1) { 

        if (!mbat.fft(n_down)) { // do FFT and iFFT if enough data has been collected 

            disp.fft_scope(&mbat); // no new data waiting to be processed, so we have 

        time to update the spectrum display 

        } 

         

        if( incenc_a.pb_pressed() ) menu_a.next(); // next menu item if button pressed 

        menu_a.step(); // serve menu A 

        if( incenc_b.pb_pressed() ) menu_b.next(); // next menu item if button pressed 

        menu_b.step(); // serve menu B 

         

        // display temperature 

        if( i >= 1000 ){ 

            i = 0; 

            char lcdbuf[32]; 

            sprintf(lcdbuf, "%.1f C", temperature.read() ); 

            dog.fill(TEMPERATURE_X, TEMPERATURE_Y, 40, 11, 0); 

            xGlcd_Write_Text(lcdbuf, TEMPERATURE_X, TEMPERATURE_Y, xColorSet, &dog); 

        } 

        i++; 

    } 

} 

 


