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ZIP FLYER™

SCREW LIFT™

SWITCHGRIP™

Z-360 ™

MINOTAUR™

OFFROAD TRUCK™

Explore the world of VEX Robotics®
Construction Kits by HEXBUG®
with these additional builds and
activities. Each build comes
with individual instructions.

WWW.HEXBUG.COM/VEX

DISCOVER
HOW GYRO
SENSORS WORK

EXAMINE

HOW YOUR OWN
BALANCE COMPARES

EVALUATE
HOW DATA AFFECTS

OUTCOMES

UNDERSTAND

STEM CONCEPTS

BOXING BOTS ™

REMOTE CONTROL
CONSTRUCTION KIT

INVESTIGATIONS

The human-like shape of the Balancing Boxer makes it a
humanoid robot. Humanoid robots are designed with humanlike features so that they can perform tasks that humans
typically do. For example, a humanoid robot might have
a head, face, and upper body like a person because it is
designed to listen, talk, and display emotional expressions
(smiles or frowns) like another person would. The Balancing
Boxer has arms, fists, and a torso because it is designed
to punch like a human boxer.

The Balancing Boxer is a remotely controlled robot with a
shape that is similar to a human body, with arms, a head,
and a torso. You control the Balancing Boxer’s movement
and punches by using a mobile app on your smart device.
The Balancing Boxer’s internal sensors keep it upright as it
moves around.

ABOUT THE BALANCING BOXER

INVESTIGATION ONE
HOW DOES THE BALANCING
BOXER STAY UPRIGHT?

Power on your Balancing Boxer while it is lying face-down
on the floor. After it is on, stand the Balancing Boxer
upright and it will balance itself. The Balancing Boxer resets
or calibrates its sensors when it is first powered on to
determine what position is “upright”.

INVESTIGATION TWO
WHAT DATA DOES THE BOXER
USE TO DETERMINE ITS BEHAVIORS?

Power on your Balancing Boxer while it is facedown on a flat surface. Then stand it upright.

When it is balanced, tap lightly on the Balancing
Boxer’s chest so that it rocks slightly backward.
What happened? What did the Balancing Boxer
do to stay upright?

-90 Degrees

0 Degrees

+90 Degrees

Now try it yourself. Lean
with your arms at your side
at these three angles and
see how hard your muscles
have to work to return your
body to an upright position.

-20
Degrees

You have seen how humanoid robots
like the Balancing Boxer use gyro
sensors, algorithms, and motors to
behave like humans with inner ears,
brains, and muscles. What other types
of parts might robots have that could
make them more like humans?
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Power Level:

Predict the Balancing
Boxer’s behavior in
these three situations by
determining the direction
the wheels will need
to rotate (forward or
backward) and how strong
(low or high power) the
motors will need to work to
bring the Balancing Boxer
back to an upright position.

Now hit the Balancing Boxer harder on its back so
that it rocks forward. What happened this time?
What did the Balancing Boxer do to stay upright? If
you knock it over completely, try again (but not as hard).

PART TWO
Notice that the motors
turn on with more power
when the Balancing Boxer
is farther away from
the calibrated upright
position. Also, notice that
the direction in which the
wheels turn in depends
on whether the Balancing
Boxer is rocking forward
or backward.
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GRAVITY

When the Balancing Boxer is powered on and its sensors
have been calibrated, it may roll a little forward and
backward to maintain its balance.
Use the mobile app to move your Balancing Boxer and watch its behavior. The Balancing Boxer uses its
motors to stay standing by rolling forward and backward to keep steadily upright. It knows if it is tilting
because it has a sensor inside of its brain to detect angles of tilt.

The Balancing Boxer’s brain checks the
information from its gyro sensor hundreds
of times per second and uses an algorithm
to decide which direction and speed to
turn on the motors. Your brain checks the
information from your inner ears at least
hundreds of times per second and decides
which signals to send to the muscles in
your head, legs, arms, and feet to keep you
balanced and upright.

The Balancing Boxer’s ability to keep
itself stable is why it can be considered a
humanoid robot. Inside of a human brain,
there is an area that works like the human
version of a gyro sensor. Inside of your inner
ears, there are little chambers of fluid. As
your body and head move, the fluid moves
and sends signals (angular data) to your
brain about how the fluid has moved, just like
the Balancing Boxer’s gyro sensor.

The sensor used to detect the angle that the Balancing Boxer is tilting forward or backward is the gyro
sensor. A gyro sensor uses two small masses and an electric current to monitor how much the sensor
has been rotated. The gyro sensor detects the angle it has moved from center.

PART TWO
Stand upright and keep your arms at your side
throughout the test.
Slowly lean forward without bending at your
waist. Notice how the muscles in your feet and
legs tighten to keep you upright.
Slowly lean backward. Again notice how your
muscles react.
Lean forward and backward again but lean while
shaking your head. It is difficult to keep upright
while leaning and shaking your head. That’s
because you are shaking the fluids in your ears
and disrupting your body’s gyro sensor. Your brain
can’t send the correct signals to your muscles.

GRAVITY
GRAVITY

