Beyond Navigation Expectations

• Adaptive to all dynamics -Different motion modes Transformation between e-frame and i-frame 
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free fall: 𝑥 i = -𝑔 i the gravitational acceleration needs to be removed from the accelerometer data prior to using it for inertial navigation © Tohoku University & Tokemic Inc Acc. Main Operation Principles

• Force-rebalanced accelerometer -These servo acc. restrain a proof of mass and measure the electrical current needed to supply the restoring force, which is proportional to the acceleration -"standard" translational or pendulous design still used

• Vibratory accelerometer (MEMS)

-Measure the acc. as a frequency difference in a pendulous system -Vibrating string acc., quartz resonator or integrated silicon acc.

-Not as accurate as the force-balanced acc.

• Electrostatic levitated accelerometer (MEMS)

-Position change of a suspended small element by electrostatic is sensed by a capacitance in a closed-loop servo system -High performance acc.

IMU Errors

• All sensors are affected by errors:

deterministic & stochastic

• Sensor assembly error linked to orthogonal tri-axis arrangement -Sensor axis misalignment -Non-orthogonality -Nominal scale factor

• For the others, their behavior is described with statistical terms (stochastic processes)

in run bias scale factor 
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Input Space
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Classifier mapping function

Gait Analysis

Principal Component Analysis (PCA)

• Observations -Variance of horizontal acc. is maximum along the forward direction -Variance of horizontal acc. is minimum along the lateral direction 

  of these frames may differ depending on the application and the context -These choices impact the mechanization equations of inertial navigation Inertial Frame (i-frame) • The inertial frame is close to a Galilean frame non-rotating & non accelerating frame • The approximation comes from the fact that the earth is accelerating while it orbits the toward mean vernal equinox Y axis Form a right handed orthogonal frame http://hronrad.wordpress.com/ Earth Centred Earth Fixed Frame (eframe) • Principally used for satellite signals based navigation (GPS, GLONASS, Beidou, Galileo) because orbital data are computed in this frame • Also called terrestrial equatorial frame • Satellite signals and inertial navigation are

  Body Frame (b-frame) • The body frame can be defined in many different ways • Usually right-handed 3D Cartesian frame related to an object • In strapdown applications, the body frame is considered as rigidly attached to the vehicle • This hyp. doesn't always hold for pedestrian frame is attached to the "skeleton" of the human body • Its origin describes the pedestrian position on the map • Intermediate frame between the body and the local frames • Usually right-handed 3D Cartesian frame radio signals to measure the distance -Accurate time measurement becomes critical -At speed of light: 1μsec error gives 300m error -Trilateration positioning is introduced. • Dead Reckoning -Estimates the current position based on the previous one and distance/speed, angle measurements extracted from embedded seniors -A recursive process common for aircraft navigation History of Navigation • Inertial Navigation -Is a dead reckoning navigation -The measurements are accelerations and angular rates relative to an inertial navigation frame -Processing • Estimates the Position, Velocity and Attitude changes of a body • Its mechanization is based on Newton's 1st and 2nd law of motion -Definition • INS  Inertial Navigation System • IMU  Inertial Measurement Unit Stable platform  A triad of acc. without reference to an external signal  Autonomous with respect to its environment Foucault's gyroscope • Gyroscopes are angular rate sensors • Measure the rotation rates of the body frame relative to the inertial frame • Parameterized in the body frame, it is ω ib b Gyro. Main Operation Principles

••

  With only an accelerometer bias error modeling -𝐱 = 𝐟 -𝐠 -𝐛 𝑓 + 𝐰 𝑓 -𝐠 is known in local map frame and 𝐟 measured in the body frame  orientation ? With only a gyroscope bias error modeling -𝛚 = 𝛚 + 𝐛 𝜔 + 𝐰 𝜔 Impact of IMU errors • Assuming a non-rotating earth and a single plane body dynamic a constant acc. bias error impacts the position (𝐱) at time square rate: ∆𝑡 2 a constant gyro. bias error will impact the position (𝐱) at time cubic rate: ∆𝑡 3 • A correlated problem: azimuth errors are propagated in the horizontal velocity via the specific force • Solutions consists in adopting aided navigation solution : GNSS, Map, Telecom signals, Opportunistic signals, … estimating the instrument errors with augmented state equations Valérie Renaudin© -13/10/2015 -IPIN, 2015 -Banff Canada Zero Velocity Update • Biomechanics features in walking gait captured by foot mounted IMU (widely adopted) • Main principle: during the stance phase, the foot velocity equals zero: 𝐱 n = 𝟎 • Observation Equations -𝛿 is the perturbation of the state

  13/10/2015 -IPIN, 2015 -Banff Canada Dead Reckoning with Handheld IMU • Hand motion can hide global pedestrian locomotion • "Strapdown" Mechanization cannot be applied -Algo. (freely carried devices) can take several forms -Sensors & context dependent • Common Assumption -The user is watching the screen while walking -'body fixed' like case 13/10/2015 -IPIN, 2015 -Banff Canada Review of Alternative INS Strategies • Biomechanics of human walking gait -Repetitive steps -Assumed symmetry between right and left step -Upper body part contribute to the equilibrium -Repetitive arm motion during the displacement • Alternative processing strategies -Different forms of algorithms (freely carried devices) -Sensors & context dependent • Existing methods -Classification of activity and sensor carrying modes -Step/stride length modeling (no integration) -Sensor calibration with opportunistic signal (artificial magnetic field) or motion (quasi-static acceleration) -Hybridization with other sensors: camera, microphone, etc. algorithms to the context to bound positioning error • A classification problem -Pre-processing  Feature extraction  Decision Making • Motion states -User: Standing, Running, Walking, Up/Down Stairs -IMU/Hand: Phoning, Texting, Bag Carrying, Swinging, Irregular Motion

  of the signal is maximum along the forward direction at step/stride frequency • Problem statement -Find 𝜃 that maximizes the spectral density of the acc. and gyro. signals energy at step/stride frequency -Acc. and gyro freq. and phase components X (𝜔) and W(𝜔) estimated by STFT -Compute forward and lateral power spectral densities 𝑃 X f , 𝑃 X l and 𝑃 Wf , 𝑃 Wl max 𝜃 𝑤 1 𝑃 X f 𝜃 + 𝑤 2 𝑃 X l 𝜃 + 𝑤 3 𝑃 Wf 𝜃 + 𝑤 4 𝑃 Wl 𝜃
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• 5km/hr walk on a treadmill with texting and swinging hand Texting Mode Swinging Mode
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Error 460m after 2.5 min, before: 6500m

Step Frequency Extraction Step Length Model

Distance Estimation Performance Step Length Model