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Gingerbread House Project  
 
Abstract 
 
To create a display of LED lights that respond to musical input through the use of filters 
for different frequencies of sound. 
 
Background 
 
This project uses a ‘gingerbread’ house decorated with LED lights in a similar manner to 
houses during the Christmas season.  The inspiration for this project came from a video 
I saw online as well as a house in the neighborhood I am from.  I decided it would be an 
enriching and fun project to undertake as a creative extra credit project in my electrical 
engineering class.  The song, Wizards In Winter by the Trans-Siberian Orchestra was 
chosen to drive the light show because it fits the light-heartedness of the concept for 
this project.  Different parts of the house are synchronized to different circuits that make 
the corresponding lights respond to low, mid, and high frequencies in music.  This 
project provided many engineering challenges and the solutions to those are outlined in 
this paper. 
 

 
 
Description 
 
The design of the house has three circuits of lights on the house.  Each set is connected 
to a circuit which filters the input music and has the lights react to it.  There are three 
filters on the circuit board; a low pass, bandpass, and high pass filters.  Each filter is 
connected to an op-amp and transistor which is connected to the LED lights on the 
house.   
 
A video of the house in operation can be seen here: 
http://video.google.com/videoplay?docid=-800380270381885659 
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Operation 
 
Signal Input 
 
I decided to use a radio broadcast from an iPod using an iTrip to a small handheld radio 
which connects to the circuit and provides the input signal.  The advantage of this setup 
is it allows greater flexibility in the choice of inputs.  The radio outputs to a speaker with 
8�  of impedance.  I disconnected the speaker and used the leads from it to connect to 
the circuit.  The speaker output signal is connected in parallel to the filter circuits.  This 
means each filter must have an impedance of 24� .   
 
Power 
 
To power the display and circuitry, I decided to use a battery pack with four 1.5V D-Cell 
batteries providing a maximum of 6V.  This is enough to drive the op amps and LED’s 
because the red, green and blue LED’s need 1.9V, 3.1V, and 3.0V with 6mA, 5mA, and 
5mA respectively to drive them at their normal brightness. 
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Top Level Block Diagram 
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Filter Design and Operation Overview 
 
For each filter I chose the design parameters I wanted and then calculated the 
necessary values of the components.  I had to take into account that the total 
impedance of each filter must be 24�  while giving the correct frequency responses.  I 
made Winspice simulations to make sure my calculated values would give the correct 
output.   
 
Low Pass Filter 

 
Low Pass Filter 

 
I made the low pass filter have a break frequency of 100Hz because low frequency 
sounds are usually considered those below 150Hz.  To have the correct frequency 
response and impedance I calculated I needed a 12�  resistor and 133� F capacitor 
arranged like above.  Here are the calculations I did: 
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Here are the simulations for the signal output from the lowpass filter: 
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Bandpass Filter 
 

 
Bandpass Filter 

 
I designed the bandpass filter to allow frequencies between 100Hz and 1kHz to pass.  I 
decided to use an RC bandpass design.  This means combining low and high pass 
filters together.  I made the lowpass filter have a break frequency of 1kHz and the high 
pass filter have a break frequency of 100Hz.  One engineering challenge in designing 
the bandpass filter was being careful to make sure the total impedance is still 24� .  To 
simplify the calculations I decided to have the high pass filter have a total impedance of 
12� .  Then knowing that the equivalent circuit must have a total of 24�  of impedance I 
proceeded to calculate the necessary low pass filter design. 
 
High Pass Filter with 12�  impedance 
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Lowpass Filter Component of Bandpass Design including the 12�  impedance high pass 
filter 
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Here are the simulations for the signal output from the bandpass filter: 
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High Pass Filter 

 
High Pass Filter 

 
I made the high pass filter have a break frequency of 4kHz.  To have the correct 
frequency response and impedance I calculated I needed a 3.3� F capacitor and a12�  
resistor arranged like above.  Here are the calculations I did: 
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Here are the simulations for the signal output from the high pass filter: 
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Operational Amplifier 
 
I used the National Semiconductor LM324N quad operational amplifier.  The op-amp 
operates with a VDD of 6V.  I have the op-amp connected in a non-inverting 
configuration with an adjustable 10k�  potentiometer and a 40k�  resistor to get a target 
gain of 5. 
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Transistor and Output 
 

 
The output of the op-amp goes to a 4.2k�  resistor connected to a T-NPN transistor 
(NTE373).  The transistor is capable of an hFE = 190 with a fT=140MHz which is far 
higher than any audible sound.  I used the transistor to increase the output current of 
around 1mA to 190mA.  I figured this would be enough because there are at most 32 
LED’s connected in parallel to a circuit.  This means they will draw at most around 
160mA.  The 6V batter pack provides the needed current to the LED’s by being 
connected to a 38�  resistor. 
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The output from the resistor is connected to the LED display which in turn is connected 
to the collector of the transistor. 
 
Pictures 
 

   
 

 

Hand drawn circuit diagram during 
the construction process 

Front of the house with everything 
ready to dance away. 
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The heart and soul of this project - the PCB with the circuits.  Note I used an IDE 
connection to connect the house and power to the board that way I can keep the board 
safe during transport. 
 

 

The PCB, battery pack, and 
radio behind the house. 


