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Wikipedia says:

1 An inertial measurementunit  (IMU) is an
electronic device that measures and reports a
craft's velocity, orientation, and gravitational
forces, using a combination of

accelerometers and gyroscopes, sometimes
also magnetometers.




Definitions

1 Inertial: Pertaining to the physics that objects
do not like to change orientation or speed.

1 Orientation: The pitch, bank, and heading of
a body relative to a stationary reference like
the Earth.

1 Velocity: Speed in a given direction.

1+ Acceleration: How fast a body Is changing its
speed.

. Accelerometer: A device that measures a
bodyodos acceleration.




Definitions

1+ Angular rate or rotational speed: How fast a
body Is spinning about itself. (RPM)
yGyroscope: A device that
angular rate.
} Magnetometer: A device that measures the

strength of a magnetic field. Often associated
with the Earthos magnet |

; Gravitational forces: How the body is
subjected to accelerations.




Wikipedia says (again):

1 An inertial measurementunit  (IMU) is an
electronic device that measures and reports a
craft's velocity, orientation, and gravitational
forces, using a combination of

accelerometers and gyroscopes, sometimes
also magnetometers.




But what is it really?

1 An Inertial measurement unit  (IMU) is a device
that tells you the following:
B Pitch, roll, and heading
B Speeds in your X, Y, and Z axis
B Accelerations in your X, Y, and Z axis
BAngular rates in your X, Y, and Z axis
BYour | ocation in the Earthos X
1 All this with only measuring physical values of
accelerations and angular rates. No touch, vision,
encoders, &

r Magnet ometers and ot her se




Related Names

1 INS Inertial Navigation System

BFull computer that uses an IMU and other sensors
to navigate.

1 AHRS  Attitude Heading Reference System
BJdust roll, pitch, and heading




Examples

1 Alrcraft navigation system (INS)
+ Guidance system for a missile
} Guidance system fora quadcopter

1 Navy ship destroyer navigation system
1 3D mouse




Rainbow of IMUs
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D heading

D velocity

D orientation

D orientation (AHRS)

D orientation and velocities

D orientation, velocities, and location

ybrids that merge in altimeter,
magnetometer, and GPS data
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Degrees of Freedom

1A 0Degree of Freedomo
to count sensors that measure a unique
parameter in a unigue axis system.

+ An (non enhanced) IMU is a 6 DOF device.

BX, Y, and Z linear axis
BP, Q, and R angular axis

1 An IMU with magnetometer is 9 DOF
BX, Y, and Z linear axis
BP, Q, and R angular axis
BP, Q, and R magnetometer axis
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Accelerometer (Linear)

rDetermines the rate of
speed in a given direction. (m/s/s)
} Sensors leverage Newton's second law of

motion
BF=m*a ora=F/m

BPlace a known mass on a spring. Measure the force
on the spring then divide by the mass.
1 Great video(s) to watch (The Engineer Guy)

Bhttps ://lwww.youtube.com/watch?t=245&v=KZVgK
uo6v808




Gyroscope (angular rate)

} Spinning mass in gimbal

BHeavy, | arge, suffers from 6Gi mt
+ Micro - Electro - Mechanical system (MEMS)

B Tuning fork

B Cheap
1 Fiber Optic Gyro (FOG)

B Change in how long it takes light to go around a coil of

fiber.
B $$$
} Ring Laser Gyro (RLG)
& Change in how long it takes light to go around a race track.
B $$$
} Resonant Sphere
BWatch how a 0O0bell d rings.
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Math principles

1 Integration of measured values to yield
desired results.

Blntegrate angular velocity into angular position
1 Roll, Pitch, Heading

Blntegrate linear acceleration into linear speed
1 X,Y,and Z speed

Blntegrate linear speed into linear position.
1 X, Y, and Z position




Integration
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WRONG!




Numerical integration

1 Rather than symbolic integration, we use
numerical integration.

BNo college course needed.
BPretty easy to understand.




An example
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You are In a car traveling west.

For the first hour you are going 10 MPH
The second hour you are going 20 MPH
The third hour you are going 10 MPH

How far did you travel after the first hour?
B1H * 10 MPH = 10 miles

How far did you travel after the second hour?
B(1H *10 MPH)+ 1H*20 MPH = 30 miles

How far did you travel after the third hour?
B(1H* 10 MPH + 1H * 20 MPH) + 1H * 10 MPH = 40 miles




Continued
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You are spinning on a merry - go- round.
For the first minute you are going 10 RPM
The second minute you are going 20 RPM
The third minute you are going 10 RPM

How far did you rotate after the third minute?
B1IM *10 RPM+ 1M *20 RPM+ 1M * 10 RPM
BOr 40 revolutions




RPM
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