Robot Whisker (Touch sensor) for SeaPerch Il
underwater robot

Cost: $95-$160

Safety: Please practice tool safety with an adult and follow directions on any materials
used in this module, including working in a properly ventilated area and wearing safety
glasses, long sleeves, and vinyl gloves.

Video: WhiskerDemo

Make your own simple and inexpensive touch sensors that work both in the air and
underwater. Flick the whisker sensor and make an LED (light-emitting diode) light up on
a remote display.

The sensors are completely DIY, from the cast silicone base to the electrical resistive
components. On an underwater robot such as the SeaPerch, feedback from the sensors
is used to inform the operator of obstacles, and help the operator keep the robot moving
in areas where it can move freely. Touch sensors can also be mounted in a navigation
course where the robot completes a challenge by touching a specified set of sensors.

1 h'iske'r Sensor Demo ;
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https://youtu.be/4P-f8GWX3Yo

How it works:

This “robot whisker” is an inexpensive waterproof device that allows the
SeaPerch to detect when it has made contact with a physical object. The
whisker is a plastic stick mounted in stretchable silicone rubber. Embedded
in the rubber is a path of conductive grease that serves as a resistor in a
simple circuit. When the whisker is deflected, the rubber deforms and the
conductive grease path changes shape, impacting its resistance. An
Arduino microcontroller is programmed to detect the change in resistance
and inform the operator of this “touch” with a flash of light (or a tone if a
speaker is used).

This guide outlines the steps for making a whisker, the attachment to
SeaPerch, and the electronic/Arduino connections.

Knowledge and skills needed:
Familiarity with Arduino and wiring on a breadboard
Basic wiring and soldering

Cost: $160 (or less if repurposing other materials)

Project Tools and Materials:

Quantity: | Cost Part Name: Link to Part:
1 per $1 Molds to 3D print (3 parts: Whisker molds - 3D printable (STL)
whisker, Base, Cast1-groove, files
reusable Cast2-top)
1 $45 Ecoflex 00-30 Silicone (Parts | Amazon.com: Ecoflex 00-30 -
A and B) Super-Soft, Addition Cure Silicone
Rubber - Pint Unit
1 $17 Disposable mixing cups, with | hitps://www.amazon.com [
wood mixing sticks, 8oz, pack | BO9DC81CPC
of 100 https://www.amazon.com/gp/product/
BO7SXBN17D/
1 per $4 Cotton swabs with plastic stick | hitps://www.amazon.com/Swisspers-C
whisker olored-Swab-500-Color-Vary/dp/B004
6UHFEM/
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https://drive.google.com/drive/folders/1486FPYfNkFDX0A4CwDQg3mimr9MvlCF7?usp=sharing
https://drive.google.com/drive/folders/1486FPYfNkFDX0A4CwDQg3mimr9MvlCF7?usp=sharing
https://www.amazon.com/Ecoflex-00-30-Super-Platinum-Silicone/dp/B00CA5VY3U
https://www.amazon.com/Ecoflex-00-30-Super-Platinum-Silicone/dp/B00CA5VY3U
https://www.amazon.com/Ecoflex-00-30-Super-Platinum-Silicone/dp/B00CA5VY3U
https://www.amazon.com/gp/product/B09DC81CPC
https://www.amazon.com/gp/product/B09DC81CPC
https://www.amazon.com/gp/product/B07SXBN17D/
https://www.amazon.com/gp/product/B07SXBN17D/
https://www.amazon.com/Swisspers-Colored-Swab-500-Color-Vary/dp/B0046UHF6M/
https://www.amazon.com/Swisspers-Colored-Swab-500-Color-Vary/dp/B0046UHF6M/
https://www.amazon.com/Swisspers-Colored-Swab-500-Color-Vary/dp/B0046UHF6M/

2 $13 10 ml plastic syringes https://www.amazon.com/gp/product/
BO8PV5PZW4/

1 $28 Carbon Conductive Grease, MG Chemicals - 846-80G Carbon

tube. MG Chemicals Conductive Grease, 80g Tube:
Automotive Anti Seize Lubricants:
Amazon.com: Industrial & Scientific

1 $12 24 AWG wire, silicone Amazon.com: BNTECHGO 24 Gauge
insulation, stranded (this is Silicone Wire Kit 7 Color Each 25 ft
softer and more flexible than Flexible 24 AW tran Tinn
the standard PVC insulation Copper Wire
wire). https://www.amazon.com/TUOFENG-

Wire-Stranded-Flexible-Silicone-Differ
ent/dp/B07G2BWBX8/

1 $10 25ft Ethernet Cable, or similar | Use this page for reference
multi-conductor cable, 2 https://www.mcmaster.com/communic
conductors per whisker. Old ation-cable/ethernet-cable-8/
cables can be repurposed.

1 $30 Multimeter to measure Such as:
resistance https://www.amazon.com/gp/product/

BOOKXX20YY

2 $6 Vinyl gloves, medium, 100 Such as
count (do not use latex https://www.amazon.com/ForPro-Disp
gloves) osable-Industrial-Powder-Free-Non-St

erile/dp/BO9KMSLWL 1/
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https://www.amazon.com/gp/product/B08PV5PZW4/
https://www.amazon.com/gp/product/B08PV5PZW4/
https://www.amazon.com/MG-Chemicals-Carbon-Conductive-Grease/dp/B00SMRNSR0
https://www.amazon.com/MG-Chemicals-Carbon-Conductive-Grease/dp/B00SMRNSR0
https://www.amazon.com/MG-Chemicals-Carbon-Conductive-Grease/dp/B00SMRNSR0
https://www.amazon.com/MG-Chemicals-Carbon-Conductive-Grease/dp/B00SMRNSR0
https://www.amazon.com/BNTECHGO-Silicone-Flexible-Strands-Stranded/dp/B01K4TMA1I
https://www.amazon.com/BNTECHGO-Silicone-Flexible-Strands-Stranded/dp/B01K4TMA1I
https://www.amazon.com/BNTECHGO-Silicone-Flexible-Strands-Stranded/dp/B01K4TMA1I
https://www.amazon.com/BNTECHGO-Silicone-Flexible-Strands-Stranded/dp/B01K4TMA1I
https://www.amazon.com/TUOFENG-Wire-Stranded-Flexible-Silicone-Different/dp/B07G2BWBX8/
https://www.amazon.com/TUOFENG-Wire-Stranded-Flexible-Silicone-Different/dp/B07G2BWBX8/
https://www.amazon.com/TUOFENG-Wire-Stranded-Flexible-Silicone-Different/dp/B07G2BWBX8/
https://www.mcmaster.com/communication-cable/ethernet-cable-8/
https://www.mcmaster.com/communication-cable/ethernet-cable-8/
https://www.amazon.com/gp/product/B00KXX2OYY
https://www.amazon.com/gp/product/B00KXX2OYY
https://www.amazon.com/ForPro-Disposable-Industrial-Powder-Free-Non-Sterile/dp/B09KM5LWL1/
https://www.amazon.com/ForPro-Disposable-Industrial-Powder-Free-Non-Sterile/dp/B09KM5LWL1/
https://www.amazon.com/ForPro-Disposable-Industrial-Powder-Free-Non-Sterile/dp/B09KM5LWL1/

General Tools and Materials:
Wiring and Soldering Equipment:

Wire stripper . Tools and Materials
Needle nose pliers for Soldering Station

Wire cutters 5 e uippars
Soldering iron
Solder

. Brass Sponge
Brass sponge . Helping Hands

Helping hands '
soldering aid /
Heat shrink tubing
Heat gun

1
2. Wire Cutters
3. NeedleNose Pliers
4. Soldering Iron
5. Solder

6.

7

Mechanical Fabrication:

3D printer and filament
Utility knife or Exacto knife
Zip ties

Hot glue gun

Vinyl gloves

Paper towels

Programming and Control:

e Arduino Uno (or similar microcontroller) and programming environment
e Jumper wires
e Solderless breadboard
e Resistor assortment
e LEDs
i ﬁ’! II\: EDGERTON Creative Commons Licensin
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Overview of whisker touch sensor molding process

3. After a 4-hour cure,
remove Cast1-groove and
insert wires with stripped ends

1. Pour silicane in Base mold 2. Cover Base mold
to first level and insert swab with Cast1-groove

4, Insert conductive grease in 5. Pour silicone to secand level 6. Cover Base mold with Cast2-top
groove and over wire ends

7. After a 4-hour cure, remove Cast2-top 8. Remove whisker touch sensor from
and check for heles from air bubbles. Base mald and trim excess silicone
Refill as needed and let cure,

pu
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Assembly Outline

Part 1 - Print molds and cast the first layer of silicone rubber
Step 1.1: Print the molds

Step 1.2: Prepare the cotton swab whisker

Step 1.3: Measure and mix Ecoflex 00-30 silicone rubber

Step 1.4: Pour silicone in the Base mold

Step 1.5: Add whisker and place Cast1-groove mold piece

Step 1.6: Prepare the wires

Part 2 - Make grease circuit and cast second layer of silicone rubber
Step 2.1: Remove Cast1-groove cover and excess silicone

Step 2.2: Insert the wires

Step 2.3: Prepare the grease syringe

Step 2.4: Insert grease into grooves

Step 2.5: Repeat Step 1.3: Measure and mix Ecoflex 00-30 silicone rubber
Step 2.6: Pour silicone into the Base mold, over grease and wires

Step 2.7: Place the Cast2-top mold piece on the Base mold

Step 2.8: Remove the Cast2-top cover

Step 2.9: Extract the whisker assembly and remove excess silicone

Part 3 - Test the whisker sensors

Step 3.1: Find the baseline resistance of the whisker sensor

Step 3.2: Create a display and an input circuit for the whisker sensor
Step 3.3: Connect the sensor and the Arduino and test the sensor in air

Part 4 - Test on SeaPerch robot, underwater

Step 4.1: Create a long cable for the whisker sensors

Step 4.2: Connect the Whisker sensor wires to the cable wires
Step 4.3: Make the Arduino end of the cable

Step 4.4: Connect the whisker cable to the Arduino and test
Step 4.5: Attach the whisker assembly to PVC tubing for testing
Step 4.6: Test the whisker sensor(s) underwater
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Assembly Steps

Part 1 - Print molds and cast the first layer of silicone rubber

Step 1.1: Print the molds

Make the three mold pieces on the 3D printer: the
Base, the Cast1-groove, and the Cast2-top.
Check that Cast1-groove can fit on the Base.
Trim any pieces that interfere with a good fit.
Check that Cast2-top can fit on the Base. Trim
any pieces that interfere with a good fit.

Set aside the Cast2-top for now.

Base Cast1-groove Cast2-top
Step 1.2: Prepare the cotton swab (whisker)

Take one of the cotton swabs (must have a plastic
stick, not paper). On one end, use scissors to cut

about half of the cotton part off. On the other end,

pull off all of the cotton.

Step 1.3: Measure and mix Ecoflex 00-30 silicone rubber

Ecoflex 00-30 has two parts: part A and part B.
When these two parts are combined, they cure to
form a solid, soft rubber-like material. The ratio of
A:Bis 1:1, and it can be measured by weight or
volume. In either case, use a disposable plastic cup
and wear vinyl gloves to protect skin. Before you
begin, pre-mix part B thoroughly.

Scale method: Place the plastic cup on the scale
and zero the scale. Pour 3 g of part A into the
cup, then pour 3 g of part B into the cup. The scale should read 6 g.

Volume method: Pour 3 ml of part A into the cup, then pour 3 ml of part B into the cup.

Mix slowly and thoroughly for three minutes using a wood stick, scraping the sides and bottom
of the cup. Do not stir quickly as it causes air bubbles to form. Refer to Science/Tech Notes or
EcoFlex instructions for more details.

i f@\ _ EDGERTON Creative Commons Licensing
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https://seagrant.mit.edu/wp-content/uploads/2023/01/SeaPerchII_SciTechNotes.pdf

Step 1.4: Pour silicone in the Base mold

Collect the Base mold, the Cast1-groove mold, a prepared

_ . First cast
plastic swab, and a paper towel. : ~ level
Lay the paper towel on a flat surface and place the Base on '
top of it.

Pour silicone up to the first step in the Base mold.
Overfilling is okay since any excess silicone will be pushed
out by Cast1-groove.

Step 1.5: Add whisker and place Cast1-groove mold piece

Insert the whisker (swab) into Cast1-groove with the cotton
side on the bottom (the horseshoe side of the mold).

Place the Cast1-groove piece on top of the Base mold, and
align it.

Apply light downward pressure on the mold piece to push any
excess silicone out of the Base mold.

Press down on the top of the plastic swab to ensure that
the cotton swab is fully immersed into the silicone.

Leave the assembly in a well-ventilated area for four
hours to let the silicone fully cure.

Step 1.6: Prepare the wires

For each whisker, cut two wire pieces
from 24 AWG silicone wire, about 4”
(10 cm) long.

Strip the insulation on both ends. The
end that goes in the silicone should be stripped only 75" (3 mm). The other end will be soldered
to another wire and should be stripped about %" (1 cm) or longer.

S
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Part 2 - Add grease, wires, and second layer of silicone rubber

Step 2.1: Remove Cast1-groove cover and excess silicone

After the first cast is cured, remove the Cast1-groove mold
piece by slowly lifting the handle.

There may be air bubbles in the cast silicone but it is not a
problem since they can get filled in the second cast.

Cut or peel off excess silicone so there is a smooth channel for
the wires.

Step 2.2: Insert the wires

In the Base mold, there are two notches on the sides of the
wall. One notch is centered on the swab, and the other
indicates where the exposed wire should begin.

Insert the wires into the two mold channels and line up the bare
ends with that notch. Press the wires all the way into the
channels. If the wires do not lay flat, try rotating the wire or take
it out and straighten it until it lays flat.

Step 2.3: Prepare the grease syringe

Wear vinyl or latex gloves. Collect the 10 ml syringe and
the Carbon Conductive Grease tube.

Open the tube and insert the point of the syringe deep
into the tube.

Pull the syringe back (it will most likely resist and try to
return back to a relaxed state).

Hold the syringe in the pulled back position for several
seconds to pull grease into the syringe.

It may be necessary to trim the tip of the syringe to
make the opening bigger.

| He f@\' _3 EDGERTON Creative Commons Licensing
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Step 2.4: Insert grease into grooves

Practice applying the grease in a smooth even line on a
paper towel. Slowly push the plunger while moving the
syringe away from the dispensed grease.

When ready, carefully insert the point of the syringe into
the U-shaped channel in the silicone. Slowly push the
plunger while moving the syringe throughout the

channel to fill the channel completely with grease. The
grease should be at least level with the height of the
channel. If the wires poke up while spreading the grease,
simply push them back down with the nose of the syringe.

Make sure the entire exposed part of the wire is fully
covered in grease. Use a wood stick to remove any excess
grease that is higher than the channel. The grease should
be as level as possible with the silicone rubber.

Step 2.5: Repeat Step 1.3: Measure and mix Ecoflex 00-30 silicone rubber

Step 2.6: Pour silicone into the Base mold, over grease and wires

Collect the Base with the silicone, wires, and grease,
the Cast2-top mold, and a paper towel.

Lay a paper towel on a flat surface and place the Base
on top.

Pour silicone up to the second cast level/step in the
Base mold. Overfilling is okay since the excess silicone
will be pushed out by the Cast2-top piece.

|l|il- ‘ Sﬂﬂm *@\' gEEE;EEON Creative Commons Licensing
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Step 2.7: Place the Cast2-top mold piece on the Base mold

Place the Cast2-top mold piece on top of the Base mold, and
align it.

Apply light pressure on the mold piece to push any excess
silicone out of the Base mold.

Leave the assembly in a well-ventilated area for four hours to let
the silicone fully cure.

Step 2.8: Remove the Cast2-top cover

Remove the Cast2-top mold piece by slowly prying up
the edges. It may take a minute or two since the silicone |
will stick to the top mold piece. There may be a couple of Y
air bubbles - this is not a problem unless the bubble is i
exposing the grease. In that case, simply fill it once more F"
with a little bit of silicone to cover up the bubble, and let it
cure.

Step 2.9: Extract the whisker assembly and remove

excess silicone

Once the silicone is ready to remove, slowly peel up the edges of the
silicone rubber and pull upward. After a bit of peeling, the whisker
assembly should come free out of the Base mold. If it is very difficult,
use a utility or craft knife to cut along the edges of the silicone rubber
base. Lift the whisker assembly out of the base mold. Use scissors to
trim any excess silicone along the edges and near the wires.

e @) =EDGERTON Creative Commons Licensin
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Part 3 - Test the whisker sensors

Step 3.1: Find the baseline resistance of the whisker sensor

Use a multimeter to measure the resistance between the wires. The expected value is about 5
kQ. Deflect the whisker to each side and verify that the resistance changes by about 20%.
Leave the meter on the wires after deflecting the whisker and notice how the resistance slowly
changes back to its original value.

Step 3.2: Create a display and an input circuit for the whisker sensor

The whisker sensor is fundamentally just a variable resistor. To read the change in that
resistance, it needs to be used in an input circuit such as a simple voltage divider. See the
Science/Tech Notes for more information on the voltage divider circuit used for the whisker
Sensor.

To build the input circuit, select a resistor that is about the same resistance as the whisker
sensor in its undisturbed state, as determined in the previous step. In the example, the
resistance chosen is 4.7 kQ.

Use an LED to indicate a whisker touch and to check that the system is functioning
appropriately.
Build the circuit shown here to test one whisker sensor.

Components:

Whisker sensor
Arduino Uno
Solderless breadboard
LED

Resistor, ~100 Q
Resistor, ~4.7 kQ

[ H @\ EDGERTON Creative Commons Licensin
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https://seagrant.mit.edu/wp-content/uploads/2023/01/SeaPerchII_SciTechNotes.pdf

Connections:

The (+) end of the LED is connected to a digital pin (pin 8 in this example)

The (-) end of the LED is connected to a resistor of ~100 Q

The other end of the resistor is connected to GND

Make a voltage divider circuit with the 4.7 kQ and the whisker sensor as shown
Connect the sensor reading pin to an analog pin (pin A0 in this example)
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Step 3.3: Connect the sensor and the Arduino and test the sensor in air

Connect the whisker sensor and the Arduino and use this sample code to test the whisker
sensor: Whisker Sensor_Test.ino.

To test the whisker, deflect it to any side, as if the robot were brushing by an object. Also try
flicking it quickly. See this video for a demonstration: \WhiskerDemo

Here are a few ideas to fix or improve performance:

e Modify the percent change in resistance that indicates a touch by changing the value of
the variable “change” in the code.
Use a different resistor in the voltage divider.
Watch the values on the Arduino Serial Monitor or Serial Plotter to better understand the

problem.
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https://drive.google.com/file/d/1lO4mypPT0tn6RqUUtVcF35F1U8y7gp2L/view?usp=sharing
https://youtu.be/4P-f8GWX3Yo

Part 4 - Test on SeaPerch robot, underwater

Step 4.1: Create a long cable for the whisker sensor(s)

Once the sensor is verified, make a longer cable so it
can be used underwater.

Obtain a length of multi-conductor cable that fits the
application. Cut back the outer covering about 4” (10
cm). Use one pair of wires for each whisker sensor.
Strip the ends of the wires about 2" (1.5 cm) using the
26AWG section of the wire stripper.

Step 4.2: Connect the Whisker sensor wires to the cable wires

Use soldering tools, make good electrical connections between the whisker sensor wires and
the cable wires. Make note of which wires go to which sensors. Use heat shrink tubing to
insulate the connections. These connections do not need to be waterproof, however the
exposed wire should be insulated from other conductors.

Step 4.3: Make the Arduino end of the cable

Add pins to the ends of the cable wires that will go to the )
Arduino. Collect jumpers with at least one pin end, two

for each whisker. j%-
4

Half of the jumpers can be the same color since they will

all connect to GND. The other jumpers should be ‘%
different colors, one for each whisker. #‘é’

Choose colors that match the cable wires where

possible. If some colors do not match, record a color

code.

Cut the jumper wires in the middle and strip the cut end ~1 cm. Solder the wires to the cable
wires. Put heat shrink tubing on each wire to stop the wires from touching each other.

Step 4.4: Connect the whisker cable to the Arduino and test

Connect the sensor(s) and add to the LED display as done in Steps 3.2 and 3.3.
Connect the cable wires to the Arduino. Fasten the cable to the display board with zip ties so
the wires cannot be pulled out inadvertently.

| He @ EDGERTON Creative Commons Licensing
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The diagram here shows four whisker sensors and an LED display that corresponds to the
positions of the whiskers.

Arduino code for this circuit, including a moving average filter, can be downloaded here:
Whisker Sensor Test 4sensors.ino

Whisker sensor circuit for SeaPerch I1

Whisker sensors mounted on
® demonstation structure.

X)) (UNO Whiskers are made with plastic
swabs.

The variable resisitor is made with
conductive grease in cast silicone.

Step 4.5: Attach the whisker assembly to PVC tubing for testing

The whiskers are easily attached to PVC pipe with zip ties.
Collect two zip ties for each whisker assembly. Place the whisker
assembly flat on the PVC pipe and loosely fasten two zip ties
around the pipe and silicone rubber. Keep the zip ties away from
the grease channel. Tighten the zip ties only until the whisker is
securely attached to the pipe. Do not over tighten the zip tie to the
point where the silicone is crushed. Trim the ends of the zip ties.

n: rj@‘ iEDEERTON Creative Commons Licensin
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https://drive.google.com/file/d/1GCzHTtm7RAVoK6yQmEXweCEjU9uNab2t/view?usp=sharing

Step 4.6: Test the whisker sensor(s) underwater

Create a test platform for all the sensors, such as the one shown that is made of PVC pipe.
This demo uses an 8-wire Ethernet cable to connect four whiskers. Remove the cable covering
as needed in order to separate the wires and place the whisker sensors appropriately on the
SeaPerch. Find a good place to secure the cable and use two zip ties to fasten it to the frame.
Neatly coil or wrap the excess wires and fasten them to the robot frame with zip ties or tape.

See this video of the
example test:
WhiskerDemo

Now add the Robot
Whiskers to a
SeaPerch and have
fun experimenting and
exploring underwater.
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https://youtu.be/4P-f8GWX3Yo



