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In Electronics, you make new friends



The magic blue smoke



● I finally got my first computer, Amstrad CPC 464 (8/16bit Z80 
4.77Mhz, more RAM than an Arduino Uno but not faster). I was 12 
then.

● It was much easier to continue on computers, the learning curve was 
easier, even if I eventually had to learn assembly on Z80.

● I still knew the basics from school, U = R x I and so forth. I did learn 
op amps and more in uni, but never really used them and forgot it all

● I spent all my time on computers for the next 20+ years

I eventually gave up on electronics



Don’t listen to Jon Oxer, Electronics is hard 
and compile times are terrible :)



● Electronics is harder than microcontrollers (at least for me)

● But electricity is easier than both

● With a soldering iron and a multimeter you can do useful things

● Like the smallest thinkpad power supply I could find, reusing a 20V 
power supply I already carry for my Li-Ion battery pack

● My laptop backpack and wiring still weighs 15kg+ on a good day 
though

● “Fun” when flying in Oz or NZ with the 7kg limit

But there is basic electric stuff everyone can do



But the big win: no need to deal with AC power



Pebble V2, LCA Arduino Miniconf 2012



● The Adafruit panel only supported 3 colors, no way to do PWM to mix colors

● I got some super cheap 8x8 matrices that supported RGB

● How hard would it be to write a generic driver that supported single, bi and tri 
color LEDs with direct driving or shift registers with proper PWM color mixing?

● Famous last words :) 3-4 weeks of work later:

https://github.com/marcmerlin/LED-Matrix/  

http://marc.merlins.org/perso/arduino/post_2015-01-06_Driver-for-direct-
driving-single-to-3-color-LED-Matrices-with-software-PWM.html

My first real driver: Row Scanned RGB Matrix

https://github.com/marcmerlin/LED-Matrix/


Bi Color RGB Matrix PWM color mixing



Tri Color RGB Matrix: 32 pins, needs shift registers



Touch screen + LCD driver, could be a great video console



Wrote Adafruit::GFX based demo touch screen menu 
system



Accelerometer Paint



Stylus Paint (originally from Adafruit)



Used my contributed Adafruit_GFX::drawRGBBitmap



2017/04: Adafruit::NeoMatrix & RGB-Panel



Adafruit::NeoMatrix, 24x24 build, almost a day of build



Adafruit::NeoMatrix, 24x24 demo



● RGB Panels have higher pixel density than neopixels 

● But pixels have no local processing, panel requires constant refresh

● Only 4 bits per RGB, 12 bpp when GFX supports 16bpp

● Originally written by Adafruit for 32x16 panels

● Supports 32x32, 64x32 on some CPUs, but not above

● Was able to port my GFX demo and run the same code on NeoMatrix 
and RGB Panels 

Adafruit RGB-matrix-Panel



RGB Panel GFX Demo 32x16



Used my contributed Adafruit_GFX::drawRGBBitmap 
again



● I’m a bit insecure and shy
● I don’t have many friends
● I go to events where being lit up is a good thing
● http://marc.merlins.org/perso/arduino/post_2017-06-02_LED-Pants-and-

Shirt-Programmed-With-Arduino-on-ESP8266.html

2017/06: Neopixel Shirt and Pants in time for EDC 2017



Not this kind of lit up



This kind



Tri color LED strip with power converter for brightness and 16V lipo 



Let’s do better. ESP8266 driven Neopixels with patterns on harms and legs



Like moth to a flame? :)



Not the only one wearing lights, but the only one with addressible pixels



NeoPixel + IR only works on 32bit CPUs 



● But, but, but, what if someone else builds a shirt with the info and code I 
posted? Can’t have someone else wear the same outfit as me :)

● Big flaw of my Shirt v2, the RGB strips were glued on the shirt, making it 
unwashable.

● Yes, I’m French, but there is only so much cologne you can put on a shirt :)
● Taking the shirt to Burning Man made washing it a priority (playa dust). I 

rebuilt it once, and then looked for a new better design
● Next target: EDC 2018

Neopixels Shirt:
A sane person would have been content at this point



● Because “More pixelz = More better! :)”

● However, making matrices with strips is pain

● You can use smaller pre-made matrices (8x32 or 16x16) and piece them 
together

● However mapping X/Y coordinate to LED number in the chain is now a 
pain

● This is where Adafruit::NeoMatrix comes in. It does all the work of 
mapping coordinates while offering an array you can write to with 
Adafruit::GFX functions

What if I put a Neopixel Matrix on my shirt?



● NeoMatrix is great, but the Adafruit::NeoPixel backend it’s based on, 
does not work with DMA or other Interrupts

● FastLED does, but there is no NeoMatrix for it

● Well, there was no NeoMatrix before I wrote one :)

● https://github.com/marcmerlin/FastLED_NeoMatrix 

● http://marc.merlins.org/perso/arduino/post_2018-04-
23_FastLED_NeoMatrix-library_-how-to-do-Matrices-with-FastLED-and-
Adafruit_GFX.html

Need FastLED::NeoMatrix

https://github.com/marcmerlin/FastLED_NeoMatrix


Done, and Done: 4x8x32 matrices = 32x32



● Existing Neopixel matrices are P10, i.e. 1cm between each pixel

● For my body size, I can only reasonably have 32 high, 24 across

● Found helpful 8x32 panels for about US$30 each

● 768 pixels in the front, and added a 768 pixels mirror in the back

● Full power on white is a total of 60A at 5V, but it’s way too blinding

● Typical usage is only 2A

Now, I can do the Neopixel shirt



WS2812 are a chain, if one dies the rest stops working (WS2813 fixes this)



To avoid brownouts, power is injected in 9 places (3 per panel)
Cat-5 is used to send 3 data lines without crosstalk



● A very big USB battery pack is 99Wh (limited by airlines) and they only give 2-3A at 5V

● I fly RC, so I had lipos. 2X 4S (16V) 5Ah = 160Wh. Around 10-12H of runtime. But it’s 2x 
80Wh, so under the 100Wh limit. Auckland airport checked my carry on lithium 
limit :-/ (and stole my superglue because it’s “flammable”)

● Lipos can deliver 200A peak at 16V, or over 500A when converted to 5V. Probably 
overkill enough :)

● 3A at 5V = 1A at 16V or 10h for 10Ah of batteries.

● Tobsun 10A step down converter for Neopixels

● 2nd lossy voltage regulator to 3.3V to replace El Wire glasses batteries

Power: Neopixels are hungry



Power system



Power Monitoring. Had to explain to a cop it was not a bomb timer.



Rear Panel is inside the shirt to use the shirt as a diffuser



Front panels are velcro’ed on shirt



EDC Vegas 2018 was a success



Like Moth to a flame :)



● OMG, I must have this? Where did you buy it? => I didn’t

● This is cool. Can I have one? => only if you build it yourself

● You should sell this => don’t need the money, don’t have the time, don’t 
want to deal with the tech support, and don’t want you to wear the same 
outfit as me, unless you earned it by building it :)

● How much did it cost (time/money) => several months of software and 
hardware work, about $400 in materials

● Is it hot? => thankfully, no. Barely warm to the touch (little energy 
wasted to heat)

Top Questions at EDM shows



● Outside of the week/months of coding to write and port demos to run on 
the panels

● Ported demos from incompatible SmartMatrix panels, and LEDMatrix 
library

● Ported AnimatedGifs library to Neomatrix and ESP8266 flash FS (SPIFFS)

● http://marc.merlins.org/perso/arduino/post_2018-07-13_AnimatedGIFs-
for-SmartMatrix-or-NeoMatrix-_Neopixel-WS2812B_-from-SDcard-or-
SPIFFS_-on-Teensy-3_x_-ESP8266_-or-ESP32.html

So, you’re done now, right?



Animated Gifs added a lot of animations for “free”



Mission Accomplished?



● One of my coworkers gave me a bit over 4096 pixels he wasn’t using 
anymore, 1.66cm pitch. 

● 64 LEDs is over 1m across
● It was hard to resist
● So I didn’t :)
● And it cost me another 2 weeks of solid work
● http://marc.merlins.org/perso/arduino/post_2018-07-30_Building-

a-64x64-Neopixel-Neomatrix-_4096-pixels_-running-NeoMatrix-FastLED-
IR.html 

Over 4000 free WS2812B LEDs, an expensive gift :)



Took forever to lay out the strips and solder them



2 halves of 80 amps each, thick wire for power bus



Power Testing, Bright as a small Sun :)



Switched to ESP32 for 16 way parallel output (256 LEDs each)



Ready for Burning Man

 



Worked Great At Night



ESP32 survived the playa dust, and so did my “permaprotoboard” :)



And I wasn’t the only one with a lit shirt



But the only one with a real LED Matrix



This one was really cool though, I’m shiny but I don’t have wings



● Hard to get smaller pitch LEDs in neopixels (6.6mm or 5mm possible, 
but no panels for sale).

● Switch to RGB Panels that go down as far as P2 (2mm)
● No smarts, needs constant refresh and PWM/BCM for colors
● SmartMatrix does the work with teensy 3.6 or ESP32
● Not compatible with GFX or my FastLED demos

The end?



● NeoMatrix code not compatible with SmartMatrix, so I wrote  http://gith
ub.com/marcmerlin/SmartMatrix_GFX 

● Now all my demos work both with NeoMatrix and SmartMatrix 
backends: https://github.com/marcmerlin/FastLED_NeoMatrix_SmartMatrix_LEDMatrix_GFX_D
emos

● Now I can re-use all my existing code and demos and they just work on 
SmartMatrix: Adafruit::GFX, FastLED, NeoMatrix, and LEDMatrix. 

● I ported some SmartMatrix code down to NeoMatrix (SmartMatrix API 
is more complex and unused by demo code I’ve found)

● New Shirt should be ready for EDC 2019 and Burning Man 2019

SmartMatrix::GFX, my new glue driver

http://github.com/marcmerlin/SmartMatrix_GFX
http://github.com/marcmerlin/SmartMatrix_GFX
https://github.com/marcmerlin/FastLED_NeoMatrix_SmartMatrix_LEDMatrix_GFX_Demos
https://github.com/marcmerlin/FastLED_NeoMatrix_SmartMatrix_LEDMatrix_GFX_Demos


Now I can run NeoMatrix code from my 1m^2 panel on a tiny SmartMatrix one



LEDMatrix code ported to NeoMatrix now also works on SmartMatrix



LEDMatrix and arduino code ported to RPI RGB Panels on top of linux



Version 6, running 4S lipos and DC-DC converter to 5V / 15A



Newer flexible panels with new USB-PD power system



Easier and safer 75Wh in 20V USB-PD Battery Packs



Success



Hats



Picture frame



50” diagonal screen



House: 2000 LEDs


