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AO| =2 M

. 7|H Al Xfo|2ARI

« Spinning Mass Gyroscopes frame

Conservation of Angular Momentum

The spinning mass will resist
change in its angular momentum

Gimbal Rotor

Angular momentum 9

* H=1m (Inertia * Angular velocity)

By placing the gyro in a pair of frictionless gimbals it is free
to maintain its inertial spin axis

By placing an index on the x-gimbal axes and y-gimbal axis
two degrees of orientational motion can be measured

https://www.youtube.com/watch?v=cquvA_lpEsA

https://www.youtube.com/watch?v=HmmbOVfHqcg
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XHO|2 MM

. J|AHAl Xfo|2ARD

* Precession
» Disk is spinning about z-axis .
= Apply a torque about the x-axis
= Results in precession about the y-axis

* T=®XH

H(t)

ppppp

.-~ Precession
i rate (m)

wwwwww
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https://www.youtube.com/watch?v=hVsx4
XWafXg
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» Fiber Optical Gyro (FOG)
= Basicideais that light travels at a
constant speed

» |f rotated (orthogonal to the plane)
one path length becomes longer and
the other shorter

= This is known as the Sagnac effect

= Measuring path length change (over
a dt) allows ® to be measured
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XHO|2 MM
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= Measure the time difference betw

the CW and CCW paths
= CW transit time = t,
= CCW transit time =t
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= With N turns Af =

= Phase
@ =27Alf, =27Atc | A, =

S8TNAw
A

20



2t MM (inertial sensor

JEA Xo|2AAD

 Vibratory Coriolis Angular Rate Sensor
= Virtually all MEMS gyros are based on this effect
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« Basic Planar Vibratory Gyro

Drive
direction

(x)

Sense
direction

(v)

Suspension
beams

Anchor

Sense
electrodes

Drive
electrodes
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H2| dAl (Range Sensor)
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H2| dlA (Range Sensor)

X 2a} MA (ultrasonic sensor)
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He| dlA (Range Sensor)

XMQ|M MA (Infrared Sensor)
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H2| A (Range Sensor)

LIDAR
— Light Detection and Ranging
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He| dlA (Range Sensor)

LIDAR
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He| dlA (Range Sensor)

« 2D LiDAR
— AZ22 2AMdA|7|H, HHO et AH2| Oo|H
— SICK Al LiDAR Of

ot
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]

— Ranges vary (90, 180 degree, 50+m)
— Scanning rates vary (e.g. 20Hz, 75Hz)
— Resolutions (e.g. 0.25 degree, 10mm)

— Accuracy ~30mm stdev in range

Laser diode

Photo diode

Spinning mirror

Y

lllustration of LIDAR sensor demonstrating the time
of flight principle. (Courtesy of SICK, Inc.)
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3D LiDAR
— O3] Xj=€9| 2D LIDAR =

Figure 3.20. Velodyne HDL-64E laser scanner (Source: Velodyne)

(Range Sensor)
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Housing

ins

Mounting
Base

Figure 3.21. General architecture of laser scanners (Source: Velodyne)
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H2| A (Range Sensor)

https://www.youtube.com/watch?v=EBgdskiWIO8
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SIMA (Force Sensor)
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2 MM (Force Sensor)

EAE EHE[X| (Wheatstone Bridge)
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2l M A (Force Sensor)

« E2E M(Load Cell)
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