Robot UnderLighting

Underlighting tricks out robots to make it stand out from the rest. Underlighting is a
simple kit and available in many colors.

Onwards and Upwards,
Your near space guide

Figure 1. CheapBot with UnderLighting.

Theory of Operation
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Figure 2. Schematic of the CheapBot Smart Beacon Bottom Deck.

The UnderLighting kit is a simple series-parallel circuit. Each LED-resistor pair is a
series circuit and each series circuit forms a branch within the parallel circuit. Current
enters the UnderLighting circuit from the negative lead (the ground pin in the
UnderLighting’s header) and splits nearly equally in each branch. Each branch requires
approximately 5 mA to operate. Since there are seven branches, the UnderLighting kit
draws seven times each branch current, or around 35 mA of current.



You might think that the UnderLighting could get by with a single resistor. Yes, it can,
but a single resistor leads to a limitation in the UnderLighting kit. Branches in a parallel
circuit have the same voltage drop, which is five volts for a CheapBot output port.
However, the voltage drop across an LED depends on its color and not the voltage
source. Infrared LEDs have the lowest voltage drop at approximately 1.4 volts and blue
LEDs have the highest voltage drops at approximately 3.5 volts. If the voltage applied to
an LED is lower than its voltage drop, the LED will not illuminate. So for example, a 1.5
volt “AA” cell can turn on an infrared LED but not a blue LED.

An interesting thing about LEDs is that they clamp the voltage of components connected
in parallel with them. Clamping means the LED will not permit the voltage across any
component connected in parallel with it to be any higher than the LED’s voltage drop. In
a competition between two different colored LEDs, the LED with the lowest voltage drop
clamps the voltage across both LEDs to its lower value.
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Figure 3. Two LEDs of different colors combined in parallel to each other. Note
that the resistor reduces the circuit’s current to safe levels and is not important
when discussing the voltage drops across the LEDs in this example.

In the circuit in figure 3, the red LED clamps the voltage across both LEDs to around 1.6
volts. This means that if a red and a red LED are in parallel with each other, then only
the red LED will illuminate. Note that in the schematic in figure 3, the resistor takes up
the rest of the voltage drop of 3.4 volts (5.0 volts — 1.6 volts) and limits the current to a
low enough level that the LEDs are not damaged.

The NearSys UnderLighting kit is designed to get around this fighting between LEDs by
adding a resistor in series with each LED as shown in the schematic in figure 2. The
voltage drop across a series resistor and LED is five volts with the resistor dropping what
voltage the LED doesn’t need. Because the resistor fills in the rest of the five volt drop, a
low voltage LED cannot prevent another LED from illuminating. This means the
UnderLighting’s series-parallel circuit permits the soldering of any combination of LEDs
to the PCB. So if you have extra LEDs, feel free to swap some of the LEDs that came
with your kit.

Assembly Directions
Only the LEDs are polarized and must be inserted in the proper orientation.



D1 through D7 — Align the flat side of the LED body to the flat edge in the top silk or
insert the long lead into the pad with the A in the top silk.
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Figure 4. The cathode and anode of an LED can always be identified by the flat side
of the LED and usually by their lead length.
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Figure 5. Placement of Components on the UnderLighting PCB

Suggested Order of Assembly

* 5 through R7 - 680 ohm resistor (blue, gray, brown, gold)

“ D1 through D7 — LEDs, make sure their cathodes are inserted into the pad next to the
flat in the top silk or insert the long lead into the pad next to the A.

Cabling Steps

The UnderLighting bar (PCB) has two locations (power pads) for soldering power wires.
Only one of these is needed, so don’t cut the wires in half. The pads you choose to solder
the wires to should be based on were the lighting bar will be mounted beneath the robot.

The second power pads allows a second UnderLighting kit can be connected to this kit by
soldering its power wires to the second set of power pads on the first PCB.

* Strip 4" of insulation from one end of both wires
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relief pads) marked GND and +5V (use the red wire for +5V and the green wire
for GND). Bend the wires over and insert them into the neighboring smaller pads
as illustrated below.
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Figure 6. A strain relieved wire ready for soldering
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Strip 4 inch of insulation from the other ends of the four wires

Slide a 2 inch long length of heat shrink tubing over each wire and push the heat

shrink down to the PCB so it won’t get hot during soldering

‘ Tin each wire

‘ Insert the long pins of the 1 by 3 header into a socket (this keeps the pins in the proper
orientation while wires are soldered to them — if the plastic body softens due to
the heat of soldering).

Figure 7. Header plugged into a socket in preparation for soldering

* 7 Ltk ground and the +5V pin (Note that there is no difference between the I/O and
Ground pin for the UnderLighting kit - see figure 8).



Figure 8. The function of the
pins in a 1 by 3 header
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Figure 9. Close up of a wire soldered to a header pin (only solder wires to the short
side of the pins)
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Figure 10. Heat shrink covering the soldered wires on a header

Test Procedure
Before plugging the UnderLighting kit into a CheapBot I/O port, perform the following
tests to verify the proper construction of the PCB.
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overflowing their pads to neighboring pads



‘ Measure continuity between the +5V and GND pins in the header and make sure there
is no continuity between the positive and negative terminals in the header

Using the UnderLighting Kit
The next step is to mount your UnderLighting kit to the underside of a robot body and
plug in its cable into any open I/O port.

The UnderLighting kit includes two nuts and bolts and a plastic tube. The plastic tube is
a spacer that’s cut into two pieces to create any needed gap between the bottom of the
robot and the UnderLighting kit. Decide where to mount your robot’s underlight and
how long the plastic tube will need to be. Verify there is enough room for a bolt on top
of the robot body. Since the nut is taller than the bolt head, it’s probably easier to have
the head of the bolt on top and the nut on the underside.
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Figure 11. Find a place to mount the UnderLighting kit where the bolts are
accessible on top of the robot body.

Plug the header into any open CheapBot I/O port and turn on the power. The
UnderLighting will then create a soft glow beneath the robot body.

Additions UnderLighting Ideas
There are several ways to incorporate underlighting in a robot. Here are three ideas.

Multiple UnderLighting Kits

Multiple UnderLighting kits can be added to a robot body and they can be of different
colors. Rather than connect each UnderLighting kit to the robot controller’s I/O ports,
solder power and ground wires from the first UnderLighting kit to the next in a chain.



Figure 12. An example of two UnderLighting kits mounted to the underside of a
CheapBot.

Mixed Color LEDs
If you have spare LEDs, you can mix different color LEDs onto a single UnderLighting
kit. No changes are necessary. For the best effect, its recommended to use ultra-bright

LEDs.

Relay Control
A robot can control when an UnderLighting kit is on or off by plugging the kit into a
relay switch. See the NearSys Relay Switch directions for more details.
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