
A Deep Dive into RGB Color Cube Software 

 

We not only want our color cube to turn on Red, Green, and Blue LEDs, we want it to produce a 

variety of colors.  So our byte array in memory, called cube[5] [5] [5] [3], stores 3 bytes of data 

on the status of each of the 125  LEDs in our cube. They hold the intensity of red, green and blue 

as a 3 bit value between 0 and 7.  

During refresh, we read the values in the cube array, and use them to control the time the LED is 

on.  We don’t actually try to control the current to the LEDs.  They are either on or off.  But 

when LEDs are on for short periods, our eyes see the LED as brighter or dimmer depending on 

duration.  So we use what is called bit angle modulation or BAM to control the perceived 

brightness of the LEDs.  If the least significant bit in the intensity byte is set, we turn on the LED 

for 100 microseconds.  If the next bit is set, we turn on the LED for 200 microseconds.  If the 

third bit is set, we turn on the LED for 400 microseconds. So if our intensity value is 7, the LED 

is on for a total of 700 microseconds.  If the value is 2, it’s only on for 200 microseconds. Our 

eyes see these differences as intensity.   And by combining the intensities of a red, green, and 

blue LED, we can get our LEDs to produce a whole spectrum of colors.  

So let’s talk more now about the refresh routine.  It’s kind of the guts of cube software.  Once 

you have a refresh routine automatically transferring the content of our cube array to the actual 

LEDs, the rest is pretty simple – just store the color you want in the array, and that LED lights up 

in that color.  Our refresh routine is a timed interrupt that goes off automatically every 15 

milliseconds.  A lot has to happen during refresh, so we use direct port access to control all the 

pins, rather than DigitalWrite, which takes considerably longer.  We turn on LEDs by setting the 

anode pins high.  But we can only turn on one layer of the cube at a time.  And on this RGB 

cube, we can only turn on one color at a time.  So to light up the whole cube, we have to cycle 

through 5 layers and 3 colors, and for each of those, we have to load the data into our 25 anode 

pins telling each LED whether it’s on or off.  So that is 15 times we have to load everything up to 

refresh the cube.  But that doesn’t even consider BAM.  BAM requires we do all that first for the 

100 microsecond turn on, then again two more times for the 200 and 400 microsecond turn on.   

So let’s do the math!  We have 700 microseconds of waiting while LEDs are turned on for each 

layer and each color. That’s 15 x 700 microseconds or 10.5 milliseconds. But we also have to 

load data onto our 25 anode pins 45 times during refresh as well.  It turns out that direct port 

access is very fast, but setting up all those pins 45 times consumes another 2.5 milliseconds.  So 

our total refresh time is 13 milliseconds.  That means for this cube, the processor is spending 

87% of its time doing refresh.  It only has the other 13% to do all the stuff we want it to do in the 

main loop! 

There are trade-offs we have to make in designing our refresh routine.  I could call it less often, 

for example, to give the main loop more time, but we tend to perceive flickering in the cube, 



rather than steady on, when the refresh slows to every 20 milliseconds. Or we could reduce the 

time it takes to refresh by reducing those BAM times, but then we wouldn’t see our cube as 

bright.  So we settle for compromises. The 13% of the time our processor spends serving the 

main loop is not a big problem.  But it does warp things a little.  If we want an LED to be on for 

100 milliseconds, for example, we tell it to be on for 13 milliseconds!  But it’s not a problem! 

So the times and refresh rate etc. for this cube are my idea of good compromises. But, as you can 

see, we are pushing our 16 MHz Mega to the limit.  If I were going to build even make a 6x6x6 

RGB cube, I would want to use a faster processor.  (I actually did build an 8x8x8 RGB cube 5 

years ago – I used an 80 MHZ, 32 bit chipKit.) 

Another thing we can talk about here is color management.  Plugging three BAM values into the 

cube array every time we want to light one LED is pretty awkward, so we need software running 

in the background to make it easy.  I did that on this cube by creating a table which manages this 

stuff for the common colors. By common I mean the rainbow palette on which all the common 

colors reside along with some colors in between.  With red and green, for example, you can get 

orange and yellow.  Between green and blue, you can get various shades of aqua, and between 

blue and red, we have purple and violet.  So my table contains combinations of red and green, 

green and blue, and blue and red which produce that rainbow palette.  In that table, 0 is black (all 

off) and 43 is white (all 3 colors on).  And from 1- 42, we go around that palette from Red to 

Green to Blue and back to Red.  By defining some common colors by their number in our table, 

we can set an LED color using its name, like Orange or Purple.  Or we can gradually change it 

by incrementing its color from 1 to 42.  

We use some on other tricks to make our cube easy to program. A subroutine simply called 

LED(x,y,z,color) lets us turn on any LED to any specified color (including Black, if you want it 

off).  Some other subroutines allow us to specifically turn red, green and blue LEDs on and off 

without doing anything to the other colors.  These are what we use to move a red panel though 

and green panel and stuff like that. 

Another utility subroutine I use a lot is called copyDown. It takes the content of the top layer and 

pushed it down to the layer below.  It does that for each layer. At the bottom lowest layer, if an 

LED is lit, it fades away rather than disappearing.   This routine is used by several animations. 

If you want to try your own hand at writing cube animations, you can clear the main loop in the 

CubeTest sketch and try something of your own.  All the refresh routine, color management, and 

utility routines are there for you to use.  


