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loT Contextual Position
Sensors Sensors

Temperature Inertial
Optical GPS
Chemical N Magnetometer
Gas Barometer
Vibration Ranging
Other Other
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System Drivers Example Applications Critical Needs

Precision Farming; Inventory/Asset Multi-parameter sensing; Geo-
NN i(4 -1, [4"A Control; Surveillance; Predictive Location; Data-basing / referencing; ...
Maintenance; ...
Factory Robotics; Surgical Instruments; |Precision; Stability; Repeatability; All-
Construction; Vehicle Guidance; ... Condition Operation; ...

Unmanned Vehicles; Condition Reliability; Environmental Immunity;
Improved Safety Monitoring; Autonomous Machines; Ruggedness; Predictive Analysis; Fail-
First Responders; ... safe modes; ...

Critical Accuracy
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Industrial Equipment Motion Relevance
Smart Tractor Geo-Location; Antenna Stabilization
UAV/Drone Geo-Location; Swarming; Payload Pointing
First Responder Geo-Location; Mapping; Activity Monitor
High Value Assets Geo-Location; Inventory Control
Train, Other Transport Geo-Location; Safety
Augmented Reality Geo-Location; Pointing
Smart Vehicles Geo-Location; Sensor-Positioning; Dynamics
Robotics, Machinery Geo-Location; Controls, Stabilization
Antennas, Cameras Pointing Angle; Installation/Calibrations; Stabilization
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Suitable for:

Inertial Sensor Characteristics Role in Sensor Fusion Accuracy after Sensor Fusion

Quality
High Precision Ultra Low Noise, Stable

Primary Sensor, heavily relied Complex Motion, Long Life,

operation under all on, capable of supporting Mission Critical
conditions rugged/ unpredictable
conditions
Low Precision Low to Moderate Noise, Poor |back-up sensor with low 3-5° Simple Motion, Short Life,
Stability, Unspecified drift weighting, restricted or Error Tolerant use cases

under vibration-temp-shock |conditional reliability
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Key Challenges

Centimeter Level Accuracy in midst of GSP Blockage
Maintain Accuracy even under Vibration, Temperature extremes, Wind, etc
Reliable, Safe Operation, all-Conditions
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Parameter

GYROSCOPES
Dynamic Range
Noise Denisty
Angular Random Walk

in-run stability
Bias repeatability
-3 dB Bandwidth

ACCELEROMETERS
Dynamic Range
Noise Denisty
Velocity Random Walk
in-run stability
Bias Repeatability
-3 dB Bandwidth

Axial Alignment

Linear Acceleration Effect
Vibration Rectification
Sensitvity Tempco

Bias Tempco

Typical
Industrial Spec

Delta Improvement
over typical
consumer device

up to 2000 |deg/sec ~
0.004 °/sec/VHz rms 2X
0.2 °/VHr 2X
6 °/hr 3X
0.2 °/sec 100X
465 Hz 2X
up to 40 g 3X
25 ug/vHz 10X
0.03 m/s/VHr 10X
10 micro-g 10X
25 mg 100X
500 Hz 2X
°/sec/VHz rms
0.05 deg 20X
0.01 °/sec/g 10X
0.004 °/sec/g2 10X
25 ppm/°C 10X
0.007 °/s/°C 10X
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Example IMUs Industrial Consumer

PERFORMANCE
Noise density (°/sec/VHz)

Linear-g (°/sec/g)
Cross-axis (%)

a :
! : . . i ,,:. PROJECTED ERROR (°/sec)
e

| _ . : . (BIG&{: 5OHZESEE. 2 g-rmsHRal. 100°/SEaMbEsS

Py g
4‘ ﬂlh W
SIEE:
BEeRENRMTEHERESMmE LA :
o [T A MBS MEMs error, as % of
. &%@tﬁﬁﬁf N Performance distance traveled
" ERERE (SORLLL) Mil-Grade ~0.1%
Industrial <0.5%
Consumer >>25%
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