
Two LED projects for light and sound

Light It Up
Around Halloween last year, one parts order brought together two 

completely different projects: a light-up dress and a thunderstorm for a 

model train layout. By Scott Sumner

Last fall, I heard from a long-time 
friend that he needed help with an 
LED project. He was taking his 
daughter to a concert, and she 

wanted to wear a light-up dress. The girl’s 
grandmother had made the dress, but they 
needed help lighting it up. After we dis-
cussed the possibilities, I ordered three 
spools of cool-white LED strips to get started.

LED Fashion
When the LEDs arrived, my friend and I used 
the dress itself to measure the strips. Each 
LED strip shipped with a connector already 
installed, as well as an extra connector in 
case you cut the strip apart. With a total of 

six “loops” on the 
dress, the design 

worked out 
perfectly. 
The top of 
the dress 

has four 
LED strips 

and the skirt 
has two (Fig-

ure 1). After test-
ing each strip, we 

sent the LEDs to be sewn 
into the dress.

The top and bottom of the dress are com-
pletely separate, each with its own battery 
packs. Each loop of LEDs has its own power 
feed to the batteries; nothing was daisy-
chained. To wire everything together, I used 
push-in connectors (Figure 2). Each connec-
tor will accept up to four wires and although Le
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I probably could have doubled up, I added a 
second connector to accommodate the extra 
connections that the top of the dress re-
quired. A final connector between the bat-
tery boxes finishes the circuit. Each battery 
box has a switch, so I didn’t have to include 
one in the circuit.

In total, it took about five hours to mea-
sure, cut, and wire all of the LEDs. Figure 3 
shows the end result, which looked great and 
caught the attention of the entire audience 
and even the artist herself! Everyone was 
thrilled with the result, and I got to keep the 
leftover LEDs.

ThunDEr anD LighTning
Shortly after the dress project wrapped up, 
the regional train show came through town. 
These model train shows, in case you’re not 
familiar with them, usually set up in a local 
convention center with roughly half the 
space for vendors and half for modular train 
layouts. Trains are always great to see on 
their own, but these shows also offer listings 
of home layout tours, where you can see lit-
erally years of work come together.

While I was touring one of these home lay-
outs, the proprietor and model builder men-
tioned that he wanted a thunderstorm over 
the trestle bridge on his layout (Figure 4). My 
mind immediately jumped to the leftover 
strips of LEDs. We chatted for a little while 
then I headed home to build a prototype.

Figure 1: The dress wiring layout showing the separate top and bottom sections, battery wiring, and LED layout

Figure 2: Push-in solderless 

connectors. When used with solid 

wire connections, they can be 

disconnected with a good pair of 

pliers.

Figure 3: The finished dress with its young star striking a pose!
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brings it all together. Figure 5 shows the 
board being tested on the bench.

To build the lightning panels themselves, I 
cut two pieces of 12x6-inch masonite (Fig-
ure 6). I cut LED strips into foot-long sec-
tions and used the built-in tape to attach 
them to the masonite. The most tedious part 
was soldering wires between each strip.

soFTwarE
The software to create and manage the light-
ning storm tops out at 63 lines, as shown in 
Listing 1. Two functions define the lightning 
behavior: I set up the GPIO, and then the 
main loop waits for the sensor to be tripped. 
Next, I’ll break down the script line by line.

LinEs 1-4 – imporTs
The first four lines import the assorted librar-
ies that I’ll use to create the lightning effects. 
The RPi.GPIO library sets up access to the 
physical GPIO pins on the Raspberry Pi, and 
as GPIO lets me refer to it in the program as 
GPIO instead of having to type RPi.GPIO 
whenever I use it in the program. Using time 
gives access to the time.sleep function – a 
blocking delay function – and random has all 
sorts of functions for generating random 
numbers. Finally, pygame in this case only 
provides the library to play back audio.

LinEs 6-15 – ThE sTrikE 
FuncTion
The strike function creates the bright initial 
flash of the lightning strike. It has five argu-
ments; lightning1 and lightning2 are the 
references to the PWM objects (lightning 
panel brightness). These are created in the 
setup section that follows. The brightness 
argument is how bright the lightning flash 
should be, and rumbleBrightness and rum-
bleLength are passed through to the rumble 
function to finish out the entire strike effect.

Line 7 sets the PWM duty cycle of the first 
panel to the requested brightness. Line 8 de-
lays for 0.03 seconds, then line 9 sets the 
same brightness on the second panel. After 
another 0.03-second delay, the panels are 
turned back off (lines 11, 13) with a delay in 
between (line 12). This is fast enough that 
your eyes can’t adapt, so it creates the blind-
ing effect. Then, the rumble function is called 
(line 15) to simulate smaller strikes happen-
ing after the initial one.

LinE 17-28 – ThE rumbLE 
FuncTion
The rumble function creates multiple smaller 
flashes. Here, lightning1 and lightning2 are 

The lightning generator consists of two 
panels of LEDs made up of the leftover strips. 
Sound comes from a set of computer speak-
ers that I ordered specifically for their sub-
woofer. Tinny thunder and lightning with no 
“kick” simply won’t do!

LighTing 
ThE 
LighTning
The electronics side 
of this project is 
about as simple as 
it gets. A TIP31 
transistor rated at 
3 amps and a cur-
rent-limiting resis-
tor are the entire 
circuit. The transis-
tor base is driven 
by the Raspberry 
Pi’s GPIO pin, and 
the LEDs are con-
nected to the tran-
sistor’s collector. 
When the GPIO pin 
goes HIGH, the 
LEDs light. That 
circuit is on the 
board twice, one 
for each lightning 
panel. A commer-
cial beam-break 
sensor also con-
nects here to set off 
the storm as people 
approach that area 
of the layout. A 12-
volt power supply 

Figure 4: The trestle bridge soon to be the site of a massive thunderstorm.

Figure 5: The main driver board for the lightning is in the lower left of 

the picture. The two transistors are on the top of the board, and the 

four-position terminal block on the right is where the panels con-

nect. The beam-break sensor is connected to the blue terminal 

block. The four-pin cable connects to the Raspberry Pi; the LED strips 

are in the background.
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Figure 6: The finished lightning system fully connected and running on the Raspberry Pi.

01  import RPi.GPIO as GPIO

02  import time

03  import random

04  import pygame

05  

06  def strike ( l ightning1 , lightning2 , brightness , 
rumbleBrightness , rumbleLength ):

07     lightning1.ChangeDutyCycle ( brightness )

08     time.sleep ( .03 )

09     lightning2.ChangeDutyCycle ( brightness )

10     time.sleep ( .03 )

11     lightning1.ChangeDutyCycle ( 0 )

12     time.sleep ( .03 )

13     lightning2.ChangeDutyCycle ( 0 )

14     time.sleep ( .03 )

15     rumble ( l ightning1 , lightning2 , rumbleBrightness , 
rumbleLength )

16  

17  def rumble ( l ightning1 , lightning2 , brightness , cycles 
):

18     for i in range ( cycles ):

19        rnd1 = random.randrange ( 0 , brightness )

20        rnd2 = random.randrange ( 0 , brightness )

21  

22        lightning1.ChangeDutyCycle ( rnd1 )

23        time.sleep ( .03 )

24        lightning2.ChangeDutyCycle ( rnd2 )

25        time.sleep ( .03 )

26  

27     lightning1.ChangeDutyCycle ( 0 )

28     lightning2.ChangeDutyCycle ( 0 )

29  

30  

31  GPIO.setmode ( GPIO.BCM )

32  

33  GPIO.setup ( 8 , GPIO.OUT )

34  GPIO.setup ( 25 , GPIO.OUT )

35  

36  GPIO.setup ( 7 , GPIO.IN , pull_up_down=GPIO.PUD_UP )

37  

38  lightning1 = GPIO.PWM ( 8 , 500 )

39  lightning2 = GPIO.PWM ( 25 , 500 )

40  

41  lightning1.start ( 0 )

42  lightning2.start ( 0 )

43  

44  pygame.mixer.init()

45  pygame.mixer.init()

46  

47  thunder = pygame.mixer.Sound ( "thunderBass.wav" )

48  

49  while 1:

50     while ( GPIO.input ( 7 ) == 1 ):

51        pass

52  

53     time.sleep ( 5 )

54     thunder.play()

55     time.sleep ( .7 )

56     strike ( lightning1 , lightning2 , 100 , 40 , 20 )

57     time.sleep ( .2 )

58     strike ( lightning1 , lightning2 , 50 , 20 , 10 )

59     strike ( lightning1 , lightning2 , 25 , 10 , 50 )

60     strike ( lightning1 , lightning2 , 100 , 5 , 75 )

61     strike ( lightning1 , lightning2 , 75 , 5 , 200 )

62  

63     time.sleep ( 15 )

Listing 1: Thunder.py
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says to set up PWM on pin 8 with a cycle 
time of 500Hz (500 cycles per second). The 
“PWM” box has more details on what a 
PWM signal actually looks like.

Lines 41 and 42 start generating the PWM 
signal. Until this function is called, the out-
put pins will remain LOW. Passing a 0 to this 
function says the initial output state is off. 
This could be a value up to 100, which is the 
duty cycle – or the percentage of time the pin 
is in a HIGH state.

Lines 44 and 45 initialize the PyGame 
mixer object. I call it twice because of a prob-
lem I experienced some time ago when the 
mixer object didn’t initialize the first time. I 
researched the problem online and found 
that the recommended fix was just to initial-
ize it again, so now it’s become a program-
ming habit for me, even if it’s not strictly 
necessary.

Line 47 creates a sound object and loads 
the .wav file that has the thunder sound ef-
fect.

LinEs 49-63 – ThE main 
Loop
This section monitors the sensor and runs 
the effect when it is tripped. On line 50, the 
program waits in an infinite loop as long as 
the sensor is returning 1 (HIGH, no person 
detected). Remember that on line 36, I set 
the pull-up resistor on the GPIO input line. 
Thus, as long as the sensor isn’t reading any-
thing, the line will be HIGH, even if it’s not 
connected at all. Line 51 says “don’t do any-
thing.” This repeats until the sensor beam is 
broken.

When the beam is broken, the rest of the 
loop runs. The program first waits an addi-
tional 5 seconds (line 53), which lets the 
people get past the sensor and right up on 
the scene before it lights up. It also does a re-
markable job in camouflaging the sensor, be-
cause visitors have already passed it well be-
fore it goes off.

Line 54 plays the sound clip, then the 
rest of the timing makes the lighting align 
with the audio (lines 55-61). Note that I 
never call rumble, only strike. Because the 
end of the strike function calls rumble au-
tomatically, it’s not necessary in the main 
loop.

Line 63 makes the Raspberry Pi wait for 15 
seconds before triggering again. The bridge 
and thunderstorm on the model train layout 
are located at a dead end, so as visitors view 
the scene, turn around, and leave again, 15 
seconds is just about right to keep the effect 
from being triggered twice.  ● ● ●

the same PWM objects from the strike func-
tion, and brightness and cycles are passed 
through from the strike function as well. 
This is how bright and how long to create 
smaller strikes.

On line 18, I set up a loop for the number 
of cycles requested. Lines 19 and 20 generate 
two random numbers between 0 and bright-
ness. Lines 22 and 24 set the lightning panels 
to this random brightness with a 0.03-second 
pause in between (line 23); then, after a sec-
ond 0.03-second pause (line 25), the loop be-
gins again. When the number of cycles has 
been completed (the loop completes), lines 
27 and 28 shut off the lightning panels by 
setting the PWM duty cycle to 0.

LinEs 31-47 – program 
sETup
On line 31, I define the GPIO mode as BCM. 
The GPIO on the Raspberry Pi can be set up 
in two ways: either by the numbering on the 
processor chip itself or by the numbering on 
the Raspberry Pi silkscreen; BCM selects the 
chip numbering.

Lines 33 and 34 define two GPIO output 
pins. Although GPIO pins 8 and 25 are well 
apart in the pin count, they are next to each 
other on the Pi itself (pins 22 and 24). 
Line 36 defines pin 7 as an input. This is 
where the beam break sensor connects. The 
pull_up_down=GPIO.PUD_UP statement says to 
pull the GPIO up to HIGH. This provides a 
physical default value for the GPIO pin.

Lines 38 and 39 set up the PWM generator 
for the two output pins. GPIO.PWM ( 8 , 500 ) 

Scott enjoys programming in Py-
thon on Raspberry Pis and play-
ing with model trains. When he’s 
not doing those two things, he 
can usually be found stargazing 
at dark-sky sites.

the Author

PWM (for Pulse Width Modulation) is a way of 
simulating analog values from a digital source. 
To generate PWM, you first decide on a PWM 
frequency. In this program, that’s the 500Hz 
that gets supplied to the PWM function. It 
means that the cycle will repeat 500 times per 
second.

A PWM signal is digital. It’s either completely 
on or completely off. Different simulated ana-
log values are created by changing (modulat-
ing) the duty cycle, or how long the pulse is on 
each cycle. A duty cycle of 50 percent means 
that the output will be HIGH for half of the 
time, and LOW for the other half. For lighting, 
this will result in illumination at approximately 
half of the total possible output level.

Dimming lighting works well this way, and 
even motors can handle PWM signals. By add-
ing a capacitor to a PWM output, you can actu-
ally generate variable voltage signals as well, if 
that’s what your project requires.

PWM
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