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THE ACT OF FINDING THE WAY TO GET TO A PLACE




https://studioartofficial. wordpress.com/2014/08/19/vintage-t: /
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http://www.hipi.info/2014/07/7-cool-airplane-twitter-header-1500x500.ht
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HISTORY OF SPECIAL INSTRUMENTS

English
Sextant and chronometer ® Arabs
Magnetic compass and Kamal

Portuguese and Spanish
Mariner’s astrolabe and compass

: Circumnavigation and mapping
American ®

Satellite navigation system

Asian
Monsoon winds

Polynesian
Motion of stars, waves
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MODERN NAVIGATION SYSTEMS

WORKING PRINCIPLE

Positioning

Mapping

Path
Planning
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STATE-OF-THE-ART

Positioning
Outdoor: satellite-based, meter-level positioning accuracy.

Indoor: WiFi, geomagnetism, IMU, Bluetooth, FM [youssef05, Yoon'13, Xiong'13].

Mapping

We need a map.

Satellite mapping, war-driving, floorplan mapping etc.

Path Planning

Extensively studied in robotics and mathematics.
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BOTTLENECK OF NAVIGATION SYSTEMS

Coverage

Global, rural, indoor

Resolution Fidelity

Trails, parking lots Provisional paths
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Navigates one to the vicinity of destination tens of miles away,
but fails to find a feasible path from there to final destination
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mag = (-23.879999, -6.180000, -19.020000,
31.148148)

gyro = (-0.229564, -0.159523, 0.005060)
acc = (-0.355286, -0.710083, 0.644836, 1.022868)

S5Steps =116 Steps = 040

Tums = 000 # of Samples = 1028
Dataset: 02 19308

Desti: BBB 3965-4645 02 4 Load

(p_u, p_v, opt, insLevel, npu) =
(1004, 1395, 1254, -01, 002)

o
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BASIC IDEA
OF FOLLOWME

« Exploits “scents/crumbs” left behind by the previous travelers.




BASIC IDEA
OF FOLLOWME
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OF FOLLOWME

AUTOMA;
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OF FOLLOWME

Level Detector |« -

Preprocessing

Step Detector

i

i

[» Turn Detector

}

)

Magnetometer

Accelerometer

Gyroscope

Barometer
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TECHNICAL DESIGN
REFERENCE TRACE CONSTRUCTION

Sensory data Detection results

\
1
1
1
|
1

_

A A Level changes

o e o ® o Turns




OF FOLLOWME

L

Walking Progress Estimator

—>

Deviation Detector

—

Nav. Instructions

Preprocessing

Step Detector

Turn Detector

Level Detector

i

i

foies

)

Magnetometer

Accelerometer

— Gyroscope

Barometer
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OF FOLLOWME

% Deviation Detector

Walking Progress Estimator

i
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WALKING PROGRESS ESTIMATION

Step-constrained trace synchronization algorithm

Filter out high-freq. mag. and utilize differential info. to

Sync. based on legacy dynamic time warping (DTW)

handle device and usage diversity

Wpen S, S ilsis=i il and S, ='S,[8],i =1, ...L,,
DTW aims to find a monotonic mapping function
f:I[1,L,] - I[1,L,] between S, and S, such that

La
minimize: Z (. [i] = S, [F(D])?
=il
where I[1,L,] is the integers from 1 to L,.
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WALKING PROGRESS ESTIMATION

Step-constrained trace synchronization algorithm —e

Filter out high-freq. mag. and utilize differential info. to
handle device and usage diversity

Sync. based on legacy dynamic time warping (DTW)
Full knowledge of traces
Quadratic computational complexity

Online DTW wj ar computation overhead

Reference trace

R
NN

N

%%

D[i][j] = min(D[i — 1][j — 1], D[i — 11[jI, D[] — 1) + dist(i, j)
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WALKING PROGRESS ESTIMATION

Step-constrained trace synchronization algorithm

Filter out high-freq. mag. and utilize differential info. to
handle device and usage diversity

Sync. based on legacy dynamic time warping (DTW)

Full knowledge of traces

Quadratic computational complexity

Online DTW with linear computation overhead

Step-constrained search space

If < my e S]>—><ﬁll!>e< §]' >,and <mi+1>E< Sk>

- <fiy >€< >, then |8 —8) — (sk—s)| > ¢

Dynamically changing search band
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WALKING PROGRESS ESTIMATION

Step-constrained trace synchronization algorithm

a2 5 o

Filter out high-freq. mag. and utilize differential info. to

handle device and usage diversity
M~

Sync. based on legacy dynamic time warping (DTW)

Full knowledge of traces
Quadratic computational complexity
Online DTW with linear computation overhead

Step-constrained search space

If < my e S]>—><ﬁll!>e< §]' >,and <mi+1>E< Sk>

- <fiy >€< >, then |8 —8) — (sk—s)| > ¢

Dynamically changing search band
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600
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Implementation
Android 4.4.2, Samsung Galaxy S5
Two threads
Data collection : 50Hz
Signal processing
DTW buffer size: 12s (c = 600)
Evaluation
Four-story campus building
5 participants

10 different reference traces
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mag = (-23.879999, -6.180000, -19.020000,
31.148148)

gyro = (-0.229564, -0.159523, 0.005060)
acc = (-0.355286, -0.710083, 0.644836, 1.022868)

S5 S5teps =116 Steps = 040

Tumns = 000 # of Samples = 1028
Dataset: 02 19308

Desli: BBB 39654645 02 4 Load

(p_u, p_v, opt, insLevel, npu) =
(1004, 1395, 1254, -01, 002)

Tick




NAVIGATION ACCURACY
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EVALUATION
NAVIGATION ACCURACY

Lead time of navigation instructions at different checkpoints

i B Checkpoint A W Checkpoint B
S
B Checkpoint C Checkpoint D

85s

6s
4 s
2'S

0s
User A User B User C User D




Complicated humans'’ locomotion;

Limited energy buffer of smartphones. ° ° Accumulative error and usage-dependent;

Non-universal (e.g., GPS, WiFi);
High bootstrap effort of fingerprinting.

@ O
Ubiquitous and stable; Customized devices (e.g., robots);
Localization-based navigation (map?); Infrastructure-dependent (e.g., WiFi, beacons);
Tedious fingerprint collection. Constraints imposed on users.
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INFRASTRUCTURE EFFICIENCY USER INVOLVEMENT
Cloud-based or Ad-hoc Low-power sensors Plug-and-play

No need of floor plans (maps) Low computation Fast and easy bootstrapping
WiFi/Bluetooth-independent Energy efficient No action required during NAV
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