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More Costume Electronics:

Light it Up!

Thanks for coming! This talk is a sequel to yesterday’s discussion, which was a very basic introduction to electronics for costuming.


Just a heads-up: if you have photosensitivity, there will be some blinking lights later. (In reference to some physical demo props I brought along.)



This panel will focus specifically on light-up elements like these.



Phil Burgess
Creative Engineer

My name’s Phil, I’m a creative engineer for Adafruit Industries.



I design electronics projects and publish free how-to guides for Adafruit.


Not ALL of them light up, but it seems to be a recurring theme!



learn.adafruit.com

All of these guides are online at this address — learn.adafruit.com.


I’ll be mentioning that site and that name, Adafruit, periodically through this talk…mostly as a reminder, should you want to study anything I’m talking about here in more 
detail, it’s all available on that site.

http://learn.adafruit.com


Yesterday’s talk was aimed squarely at beginners and focused on three main things: the fundamental concepts of electronics, how to solder, and a bit about 
microcontrollers.


Today’s talk is a little more advanced, and I’m assuming you have at least a passing familiarity with these topics. If not, that’s okay…remember, it’s all online at the site I 
mentioned. This presentation can at least provide some inspiration.



Today’s talk ALSO has three main topics, each focusing on a different luminous element: LEDs, EL wire and NeoPixels.



Starting with LEDs here. This is also where we started yesterday!



As I mentioned then, LEDs are a great introduction to electronics. Something like these glowing eyes adds a lot of impact to a costume…like, picture this on Halloween, 
late at night.



And it’s also one of the simpler projects to make. The parts only cost a few dollars.



LEDs are semiconductor light sources. Basically, they’re made of the same stuff as computer chips.


LEDs come in all different colors. From red to purple, white, pink…there’s even LEDs with several pins and multiple colors inside.



That wasn’t always the case. The very first LEDs were invisible — they emitted infrared light. The very first VISIBLE LEDs you could buy commercially were pathetic dim 
red things. They were made by Westinghouse in 1963, and get this…ONE red LED would cost you $260…in 1963 dollars. Adjusted for inflation, that’s equivalent to about 
$2,000 today! We’ve come a long way.



So yesterday, I talked about a common novice mistake of hooking LEDs directly to batteries, sometimes with disastrous results.



The antidote, we learned, was RESISTORS.



The right resistor, added “in series” with the LED, prevents this failure.



Ohm’s Law

Voltage

Current Resistance

To find the right resistor, I introduced the basic concepts of voltage, current and resistance, and how these are directly related through a principle called Ohm’s Law.



Ohm’s Law

V
I R

Ohm’s law tells us that knowing any TWO of these values in a circuit, we can easily calculate the third, unknown value.



V = I × R
 I = V ÷ R
R = V ÷ I

Voltage
Current

Resistance

Ohm’s Law

And it’s just a simple multiply or divide.



R = V ÷ IResistance

This is the form of Ohm’s Law we used to find a resistor.


I’m NOT going to go into the whole explanation here today. But the value of learning about Ohm’s Law…



…is that you can design the most detailed and efficient LED circuits this way.



There are shortcuts, such as using smartphone apps or online calculators. And that’s fine as time saver, but doing it “the long way” now and then helps you internalize 
core concepts like voltage and current.



3xAAA 4.5V

I’m going to show you another little shortcut here. Not the most efficient, but it’s quick and easy and cheap.


This shortcut relies entirely on one of these three-cell battery packs, either AA or AAA size. That’s 4.5 Volts.


This is a great place to start. I really recommend this kind of battery for beginners, as it would take quite some effort to injure yourself with these.



×
This shortcut WON’T work with other battery types and voltages. Only the 3-cell alkaline pack.



Using that specific battery pack, I’ve done the Ohm’s Law math for a bunch of different LED colors…and in the end, it comes down to just TWO different resistor values.


On the left side here, let’s call these the “warm colors.” Red, orange, yellow…and this sickly pale green. Any of these will work with a 150 Ohm resistor and that specific 
battery pack.


On the right, let’s call these “cool colors.” Deep green, blue, violet, white. These all work with a 68 Ohm resistor.



150Ω

For a single LED, you wire the resistor “in series.”



For multiple LEDs…like those werewolf eyes…power is split from the battery pack, and each LED receives its own resistor.


This isn’t the absolute most efficient way, but it’s efficient enough…this combination can run for DAYS. The value here is that you only need to keep two values of resistor 
around.


Also, I like that these battery packs usually have a switch built in.



Here’s what it looks like, all soldered together.



And we can keep going…splitting off power to additional LEDs, any combination of colors, each with either a 150 Ohm or 68 Ohm resistor as appropriate.


If you can’t find these exact two values, that’s okay. You can size up a little…like maybe 220 Ohms for the first, or 75 Ohms for the other, just for example. Whatever’s 
close and available. The LED will be imperceptibly dimmer, but no harm done.



That’s some refresher and LED tricks in a nutshell.


Any questions on this part of the talk before moving on?



Next up, let’s talk about EL wire…



This stuff has a really distinctive look. It’s like neon you can bend with your hands. Burning Man people love it! Here’s a dinosaur hat, built over a bicycle helmet.



And some big wearable demon wings.


Some folks say “EEE-ELL” wire, others say “ELL” wire. Which is right? Whatever makes you happy! There’s bigger problems in the world. I use “EEE-ELL” to make it 
clear there’s two letters there, so if it’s new to somebody, they have an easier time looking it up on Google.


It’s an acronym. It stands for ELECTROLUMINESCENT wire.



One thing to know about EL wire is that it’s not really “wire” at all. It’s an electronic component in its own right, with a complex internal structure. This means it doesn’t 
just cut and solder like normal wire; there’s a whole process.



Also, you can’t just wire it up to a battery like we did with LEDs. EL wire requires a special power source, called an INVERTER. This steps the battery up to a high voltage 
and frequency needed to light the EL wire.



Electroluminescent Wire

I normally don’t like bullet-point presentations, but as I suspect EL wire is of limited interest, I want to keep this simple and direct.


(My bad — actually there was a LOT of interest in this part!)



Electroluminescent Wire
• “Flexible,” but won’t withstand repeated bending.

First…although EL wire is often called “flexible,” I don’t think that’s a good name. Bend it repeatedly and it breaks pretty quickly. I prefer to think of it as “formable.” You 
can bend it into a shape, no problem, but it really should be LEFT in that shape.



Maybe you’ve seen this dance troupe, the Wrecking Crew Orchestra. Really amazing. They have these outfits completely festooned in EL wire. If you look closely, you’ll 
spot some things about the costumes…


Notice the EL wire doesn’t cross the elbows. That’s one of the tightest bends on the body.


Also, on the knees, see this zig-zag? That’s a form of strain relief. As the knee is bent, each of these loops bears just a few degrees of that bending.


Even with these precautions, these costumes require continuous maintenance…they travel with an entire inventory of replacement suits for each performer! EL wire takes 
time to repair, it’s quicker just to swap out a backup working costume and fix the problem later.



Electroluminescent Wire
• “Flexible,” but won’t withstand repeated bending.

So…flexible, but not really FLEXIBLE. Let’s call it “formable.”



Electroluminescent Wire
• “Flexible,” but won’t withstand repeated bending. 

• Requires support (e.g. wire frame).

EL wire can be bent into a shape, but it doesn’t really hold that shape very well. You need to build a framework from a more solid material, like armature wire, then attach 
the EL wire to that.



These demon horns were first made from thick craft wire. Then EL wire was looped around and held with small zip ties. Depending on the situation, sometimes sewing 
with fishing line works best.



Electroluminescent Wire
• “Flexible,” but won’t withstand repeated bending. 

• Requires support (e.g. wire frame).

I’ve also seen BMX armor used as a base.



Electroluminescent Wire
• “Flexible,” but won’t withstand repeated bending. 

• Requires support (e.g. wire frame). 

• Tricky to solder — but lots of online guides! (Needs copper tape, 
heat-shrink tubing.)

As I mentioned earlier, EL wire has an internal structure. You can’t just cut and solder it like normal wire…



There’s something called “corona wires” inside that need to be carefully extracted, bent back and soldered to copper tape. I won’t bore you…you can find lots of guides 
online for how this is done.



Electroluminescent Wire
• “Flexible,” but won’t withstand repeated bending. 

• Requires support (e.g. wire frame). 

• Tricky to solder — but lots of online guides! (Needs copper tape, 
heat-shrink tubing.)



Electroluminescent Wire
• “Flexible,” but won’t withstand repeated bending. 

• Requires support (e.g. wire frame). 

• Tricky to solder — but lots of online guides! (Needs copper tape, 
heat-shrink tubing.) 

• Maximum and minimum length determined by inverter (power 
supply).

Also earlier I mentioned the power supply, or inverter. An inverter will have some recommended upper limit for how much EL wire it can drive. But…seldom mentioned…
there’s also a LOWER limit as well. Too little wire, or none at all, can burn out the inverter.



An inverter like this might have a recommended upper limit of 20 feet, let’s say. But it also shouldn’t drive less than maybe 3 or 4 feet. Use a smaller inverter in that case.



Electroluminescent Wire
• “Flexible,” but won’t withstand repeated bending. 

• Requires support (e.g. wire frame). 

• Tricky to solder — but lots of online guides! (Needs copper tape, 
heat-shrink tubing.) 

• Maximum and minimum length determined by inverter (power 
supply).



Electroluminescent Wire
• “Flexible,” but won’t withstand repeated bending. 

• Requires support (e.g. wire frame). 

• Tricky to solder — but lots of online guides! (Needs copper tape, 
heat-shrink tubing.) 

• Maximum and minimum length determined by inverter (power 
supply). 

• Makes noise. Can be muffled slightly, but not eliminated.

Also, inverters makes noise. There’s a high-pitched squealing sound. Quiet, but noticeable.


There is NO WAY around this. EL inverters just squeal. You can muffle it by surrounding the inverter with craft foam, but never completely eliminate the noise. Fact of life. 
Fortunately, an event like this, a convention…there’s so much ambient noise, nobody will notice.



Electroluminescent Wire

More bullet points!



Electroluminescent Wire
• Many colors available, but cannot change color.

EL wire comes in a whole rainbow of colors. But it can’t CHANGE color. You buy and install a color, or a few separate colors, and that’s what you get.



Electroluminescent Wire
• Many colors available, but cannot change color. 

• Aqua (blue-green) is brightest.

Blue-green EL is the brightest. That’s because it’s the natural color of EL wire. Any other color, they actually use a colored sleeve over it; this robs a little brightness.



Electroluminescent Wire
• Many colors available, but cannot change color. 

• Aqua (blue-green) is brightest. 

• Color-changing sometimes simulated by running two (or more) 
wires side-by-side and switching between them.

Though you can’t change the color of EL wire, it’s sometimes simulated by running two colors closely side-by-side and switching between them.



Electroluminescent Wire
• Many colors available, but cannot change color. 

• Aqua (blue-green) is brightest. 

• Color-changing sometimes simulated by running two (or more) 
wires side-by-side and switching between them. 

• “Light pipe” offers similar effect, can be colored w/RGB LEDs, 
but length is limited.

If you really REALLY need color changing, there’s something called “light pipe.” It’s not QUITE the same look as EL wire, but kinda similar.


Light pipe is a kind of fiber optic strand. Normally with fiber optics, you want as little light loss as possible. But light pipe is designed to INTENTIONALLY shed light along 
its length. Lit with a color-changing LED, you can create animated effects.



Here’s some light pipe in action. Not quite the same aesthetic, you can see…not as pure or focused as EL…but maybe a different look you’re going for.



Electroluminescent Wire
• Many colors available, but cannot change color. 

• Aqua (blue-green) is brightest. 

• Color-changing sometimes simulated by running two (or more) 
wires side-by-side and switching between them. 

• “Light pipe” offers similar effect, can be colored w/RGB LEDs, 
but length is limited.



There’s also EL tape and panel. One’s about 1/2 inch wide, the other’s a square.


General rule of thumb, when using EL tape…for a given inverter that can drive some number of feet of EL wire, it can drive 1/3 as much EL tape. It’s a matter of surface 
area. For example, a “15 foot” inverter might drive at most 5 feet of EL tape.


As for EL panel, you’ll have to do the math to determine the equivalent surface area. But usually just a square a few inches across.


Interesting thing about EL panel: you can cut it into shapes! If you do this, good idea to laminate it afterward. The cut edges will expose high voltage. Very low current, 
not enough to injure you…but definitely feel a tickle.



EL panel gives a really diffuse, uniform light. See the ‘=’ shapes on the sides of these helmets? You can’t really get that with LEDs, no matter how well you diffuse the 
light. EL panel is just a natural for this.



That’s EL wire in short.


Any questions before proceeding?



Saved everyone’s favorite for last…NeoPixels!



I’m still amazed these things even exist. Here’s a NeoPixel viewed through a microscope. This circle is less than 5 millimeters across.


Inside, you’ll see there’s three LEDs: one each for red, green and blue…they can mix colors, same way your computer screen does.


And then there’s this tiny silicon chip here. See, unlike regular LEDs that you just connect power and light up, NeoPixels are essentially PROGRAMMABLE. They can be 
any color, or can change color and animate.



And they can be linked up, end-to-end in  a chain, essentially as long as you want. Yet each individual pixel can be assigned a different color.



Because every LED has its own chip inside, you can cut NeoPixel strips to whatever length you need. Other types of LED strips, like you might see in shop windows or 
fancy street ’rods, you don’t have that level of individual control.



Not just strips, they come in all kinds of shapes too! These rings are popular, or there’s entire NeoPixel grids.



And they “scale.” Projects can be small or large. Here’s a few things I’ve built.


Lots of color and animation with NeoPixels!



Yesterday, I talked about microcontrollers.


NeoPixels don’t animate themselves. It absolutely REQUIRES a microcontroller at the start of the chain to feed color data down the line…



#include <Adafruit_NeoPixel.h>

If using an Arduino or similar, Adafruit has a library to make talking to NeoPixels easier. Because dealing with the data stream directly is pretty complicated.


There are other NeoPixel libraries too…a very powerful one called FastLED…but if you’re starting out with NeoPixels, you may find the Adafruit library easier to 
understand.



“NeoPixel”

Funny story about the word “NeoPixel”…


I basically pulled it out of my rear one day. Actually, I was lying in bed writing code on a laptop, and just needed a quick temporary name for a library file. The name 
stuck…it’s practically an industry term for this kind of LEDs now.


So that’s how I blew my fifteen minutes of fame in life. In my pajamas.



Hey! See this? Don’t do that.


Remember how I said EL wire is better described as “formable” rather than “flexible”?


These “flexible” NeoPixel strips and grids are exactly like that. They’re designed to be shaped around something, and then stay put. My first pair of NeoPixel sneakers, 
with LEDs around the sole…they lasted maybe 5 minutes before destroying themselves. I had to find a way to minimize repeated flexing around the toes.


So this makes for a cool product shot, but isn’t how you’d use them in the real world.



NeoPixels are really intense to look at directly, and difficult to photograph.


White fake fur makes an excellent light diffuser!



For small projects with just a few NeoPixels, it’s okay to power these off the 5V pin on an Arduino. But for anything longer than that, you’ll want to feed 5V power directly 
into the strip.



And if you have a really long strip of pixels, THIS can happen. The color fades toward red and the end of the strip.


It’s exaggerated here…typically you need a meter or more to start to see this effect…but it’s a real thing.


The solution…



…is to run beefy power wires adjacent to the strip, and connect them at multiple points along its length, so it never has to travel that far.


That’s an important thing to remember. Although DATA moves in one direction from head to tail, POWER doesn’t care what direction it’s going! It’s totally legit sometimes 
to power a strip from the tail end, with the microcontroller at the head end.



NeoPixels are nominally 5 Volt devices; ideally they want 5 Volt power, and a data signal at the same level.


The latest generation of microcontrollers are all 3.3 Volt devices. In fact, I’d say Arduino may be the last holdout of the 5 Volt world…going forward, most boards will be 
running this lower voltage. This presents a problem…


5 Volt NeoPixels won’t always “hear” a 3.3 Volt signal. It’s just below their threshold of sensitivity…they need a signal voltage that’s at least 70 percent the supply voltage, 
and 3.3 Volts is right at that line.


There’s a few ways we can address this…



3x Alkaline 4.5V

Easiest is just to run the NeoPixels at a slightly lower voltage. Three alkaline cells in series provides 4.5 Volts. NeoPixels are perfectly happy at this voltage, the colors are 
still true, and they’ll respond to a 3.3V data signal just fine.


Below 4 Volts, you’ll start to see that red fading effect.



The preferred all-around best solution is a chip called a logic-level shifter. This takes a 3.3 Volt signal from the microcontroller on one pin, and produces an exact copy on 
another pin, a little “louder” at 5 Volts. It’s not expensive, maybe a buck or so.



But there’s a “hacky” way you can do this too, if you don’t have the chip and are in a hurry.


When you do NeoPixel projects a lot, you tend to end up with little extra scraps of NeoPixel strip, or even individual pixels. Just last week…no joke…I actually found 
NeoPixels in my sofa cushions. You can use one of these scrap pixels, along with a very common part you might also have around — a diode — as a makeshift level 
converter.


I mentioned diodes yesterday. Their most celebrated property is as a one-way valve for electricity. But another thing, there’s a pretty consistent voltage drop from input to 
output…usually about 0.7 Volts. So if 5 Volts goes in, 4.3 Volts comes out.


Our main LED strip is powered with 5 Volts. But that one extra pixel…we feed it power through the diode, so it has a slightly lower operating voltage. This responds just 
fine to the 3.3 Volt signal from the microcontroller. The data coming out the other end is at 4.3 Volts…which the 5V strip has no problem understanding. It’s a booster seat 
for NeoPixels.



Video: mBlade Akita

So! You might encounter a really outrageous costume like this one.


I’ll talk about this in a moment, but want to point out a couple things mentioned earlier than you can see in action: notice the lights are kept clear of the elbows…that’s an 
extremely bendy spot…and also, white fur being used as a diffuser. Good design!


Now…when seeing something like this…and really, when talking about NeoPixels in general, and how they can chain end-to-end as long as you want…the conversation 
inevitably, ALWAYS and without fail turns to “How many NeoPixels can I actually put in a costume?”


I WILL help you answer that question in a moment. BUT…I really think it’s the wrong question to ask. See, there’s a very practical problem here…



20 milliamps
0.020 A

A single LED is incredibly efficient. At most, it needs about 20 milliamps of current. That’s not much.



Current = 3 x 20 mA = 60 mA
RAM = 3 bytes

One NeoPixel, with three LEDs inside, can use up to 60 milliamps. Also, about 3 bytes of your microcontroller’s RAM.


That’s also fairly modest.



18 x 60 mA = 1080 mA
RAM = 54 bytes

The problem occurs when you start to gang these up in large numbers. It takes off exponentially.


Here’s a grid of 18 NeoPixels…not an insane number…but if you multiply that 60 milliamps by 18 pixels, suddenly you’re now using over one full Amp of current. That’s 
about the reasonable upper limit of what you can pull from a set of AA cells for any length of time. 18 pixels.



Video: mBlade Akita

Just wantonly packing on more and more pixels, you’d need to carry a car battery, or something similarly awkward, and potentially quite dangerous!


Asking “how many NeoPixels?” is a bit like asking “How much paint can I pack on a canvas?” or “How many pages long can a novel be?”


Better question, I think, is how FEW NeoPixels can you get away with?



LED smarter,
not harder.

Or as I like to say, “LED smarter, not harder.”


Know how to dial it down. This is as much an artistic judgment as an engineering problem.



18 x 60 mA = 1080 mA
RAM = 54 bytes

So we had this array of NeoPixels, needing over an Amp of current…



10 x 60 mA = 600 mA
RAM = 30 bytes

By just carefully selecting WHERE we really want NeoPixels, we might pick off nearly half of them. That cuts our power and memory requirements in half. Also, with fewer 
LEDs, there are fewer potential points of failure. That’s a SUPER important thing with costumes, which move around so much! That could be a whole talk in itself.



10 x 30 mA = 300 mA

Also, NeoPixels are ludicrously bright. You can probably get away with running them at half brightness and still get a really impressive effect. Boom, we’ve halved our 
power needs AGAIN. Just 300 milliamps! But we can keep going…



Something about these goggles here…it’s very much on purpose that they were programmed to display only primary colors…red, green or blue. When you do that, 
you’re only lighting ONE of the three LEDs inside a NeoPixel. When you start mixing colors…just like on your computer…primary colors are added together…yellow is red 
PLUS green. White is red PLUS green PLUS blue. Just by choosing colors carefully, you can get power under control.


Also, the design of the animation. There’s 32 NeoPixels total in these goggles…16 in each eye…but as they spin around like this, only 8 pixels total are really turned on at 
any given time.


Combining all of that…limiting brightness, carefully selecting colors and minimizing the number of ‘on’ pixels…these goggles, with 32 NeoPixels, run for about 90 
minutes with a battery the size of a postage stamp.



This hat? Same deal. Most of the pixels are OFF most of the time! It’s no less dazzling.


240 NeoPixels, but the whole thing runs off three AA batteries.



Shoes? Again, most pixels are off most of the time. You don’t need to be visually “loud” to create impact…to tell a good story. This story says “fire!”



One last power-saving trick. This gets kinda technical, so bear with me, but this one’s a two-fer…it can save power AND your colors are more “true.”


When NeoPixels mix colors, or when they run at less than full brightness, it APPEARS as a solid color…but in reality, the LEDs inside are switching on and off extremely 
fast…about 400 times a second, faster than we can perceive. By changing the length of the “on” vs the “off” time, the LED can be brighter or dimmer. It’s called a “duty 
cycle.” A higher duty cycle produces a brighter light…with correspondingly higher power needs.



If you program a length of NeoPixels to display a linear range of duty cycles…say a straight range of grays…something weird happens. All the “in-between” colors, 
especially toward the bottom, look way brighter than you’d expect.



This is NOT a defect of the NeoPixels! Actually, it’s an artifact of how our brains and visual systems work. We evolved to hunt by moonlight, and have much better 
sensitivity at the low end as a result. Your TV has to deal with this same problem.



So, to avoid THIS…



We can use an “inverse function.” We INTENTIONALLY program the LEDs dimmer than needed, to produce a perceptually linear range of intensities.


It’s called GAMMA CORRECTION.



const uint8_t PROGMEM gamma[] = { 
    0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0, 
    0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  1,  1,  1,  1, 
    1,  1,  1,  1,  1,  1,  1,  1,  1,  2,  2,  2,  2,  2,  2,  2, 
    2,  3,  3,  3,  3,  3,  3,  3,  4,  4,  4,  4,  4,  5,  5,  5, 
    5,  6,  6,  6,  6,  7,  7,  7,  7,  8,  8,  8,  9,  9,  9, 10, 
   10, 10, 11, 11, 11, 12, 12, 13, 13, 13, 14, 14, 15, 15, 16, 16, 
   17, 17, 18, 18, 19, 19, 20, 20, 21, 21, 22, 22, 23, 24, 24, 25, 
   25, 26, 27, 27, 28, 29, 29, 30, 31, 32, 32, 33, 34, 35, 35, 36, 
   37, 38, 39, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 50, 
   51, 52, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 66, 67, 68, 
   69, 70, 72, 73, 74, 75, 77, 78, 79, 81, 82, 83, 85, 86, 87, 89, 
   90, 92, 93, 95, 96, 98, 99,101,102,104,105,107,109,110,112,114, 
  115,117,119,120,122,124,126,127,129,131,133,135,137,138,140,142, 
  144,146,148,150,152,154,156,158,160,162,164,167,169,171,173,175, 
  177,180,182,184,186,189,191,193,196,198,200,203,205,208,210,213, 
  215,218,220,223,225,228,231,233,236,239,241,244,247,249,252,255 };

Calculating gamma correction takes a little more muscle than most microcontrollers can provide. So, again and again in lots of NeoPixel projects on the Adafruit Learning 
System, somewhere in the code you’ll see this table appear. This is a pre-computed table for gamma correction, and I’m copying-and-pasting it to new projects all the 
time.



So now, instead of seeing THIS, you get THIS. Better colors, AND we’ve saved even more power.


It DOES come at a cost, however…



Something called “quantization.”


That “duty cycle” thing I mentioned? NeoPixels can produce 256 discrete brightness levels. That’s plenty. But when you apply gamma correction, when you start pulling 
those middle brightness levels down…a lot of those in-between colors end up in the same bins. After all this, you might have only a hundred or so distinct brightness 
levels, and it’s most noticeable at the low end. It’s usually a worthwhile tradeoff though.



So, we’ve reduced our power needs as much as we can. Fewer pixels, less brightness, careful color selection. Whatever we’re left with, we still need to get power to 
everything.


Why am I showing a picture of a tree? Because power is kind of like that. A tree’s branches are narrow, but get progressively thicker and thicker toward the trunk. Partly, 
of course, that’s to bear the weight of the tree. But also, you can’t fit a whole tree’s worth of water through a narrow branch!



Wire comes in different thicknesses, called GAUGES. The LOWER the gauge (smaller number), the THICKER the wire.


When you have a lot of power to move, you need thicker-gauge wire. Otherwise the wire gets very hot and your pixels are dim.


But you don’t want to use huge wire everywhere. That’s heavy and expensive. When planning for lots of NeoPixels, you can “fan out” power, just like the branches of a 
tree.



This NeoPixel curtain, for example…okay, so this plugs into the wall, it’s not a costume…but it really shows this principle in action. It runs off a huge power supply, like a 
desktop computer would use. Notice it has these three big outputs…each of those has wire as thick as a pencil. Notice also, FUSES. These are important for safety!


Each of those heavy power outputs leads to a “bus bar,” a point where power is spread out to several smaller branches, with lighter-gauge wire. This gives us a balance 
between affordability and robust, safe design.



learn.adafruit.com

That was a LOT to absorb! If you don’t retain it all, that’s okay…everything I’ve talked about is on the Learning System…use the search field there and you can read up 
on any of this at your own pace. It’s all free and there’s no stupid pop-up ads.



Any questions about NeoPixels before wrapping up?



There’s one last thing I’d like to briefly talk about. I hinted at this earlier. It’s about ART.


Show of hands…was anyone here around in the 1980’s?



Do you remember this stuff? How UTTERLY GOD-AWFUL computer animation was at the time?


It wasn’t merely the technical limitations. A lot of it was just…we were so enthralled with the POSSIBILITY of making things shiny, of having a palette of millions of colors, 
moving everything around…that it took a while before we could ask whether these things were really in GOOD TASTE.


I think the biggest challenge with technical costuming right now has nothing to do with Ohm’s Law or RAM or wire gauges. It’s that we’re in this same exuberant phase 
right now. And that’s okay…let’s enjoy the exuberance while we can…but eventually we’ll push through that, we’ll remember that it’s really all about good storytelling, and 
the medium will fit the message.



Like these creatures. There’s a lot of really cool technology going on here. But you know what really makes it work? It’s just good, appealing character design. You could 
take out all the electronics and just paint the faces on there, they’d still be really adorable to look at. Electronics ADDS to the experience, but isn’t the justification FOR 
the entire experience. Something to keep in mind before picking up your soldering iron.



Q&A

Final round of questions.


Also, door prizes!


