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Context

FootPath

Indoor Pedestrian Navigation System on Smartphone

Currently only handheld

Feedback via device Display

Goal

We make it attitude independent!

⇒ Survey

“Where do you carry your Smartphone?”

Jens Helge Reelfs 2



Attitude Independent? - Survey

“Where do you carry your Smartphone?”
“What place would also be acceptable?”

0 10 20 30 40 50 60 70 80 90 100

trousers pocket

jacket pocket

bag

backpack

belt

answers [%]

always definitely
sometimes maybe

never no chance

⇒ Focus on Trousers Pocket & Jacket Pocket
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Smartphone integrated Sensors: MEMS

Microelectronic-mechanical System

Accelerometer

Gyroscope

Magnetometer

Sensor Fusion: Combining information

Rotation Vector

Linear Acceleration
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Other Solutions

WiFi Localization

Using RFID Tags

Pedestrian Dead Reckoning

Specialized Footmounted Devices
Map aided using Particle Filter
Visual

AP1

AP2

AP3

User

*Picture from Feliz at al. “Pedestrian tracking using inertial sensors”
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Intrinsic vs. Extrinsic Coordinates

x

z

y

N

x

z

y

Transformation via Rotation

~Vextrinsic = R ∗ ~vintrinsic
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Schematic Overview

User Feedback

Navigation Module

Feedback Calculator

Position

Matching Algorithm

Steps incl. Bearing

Movement Determination

Bearing Estimation

Step Detection

Sensor Data
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Movement Determination

Sensor Data
Step

Detection
Bearing

Estimation
Steps incl. Bearing

Common Approaches for Bearing Estimation (handheld)

Rotation Vector

Magnetic Field & Accelerations

Direct Accelerations

But,

they fail at non-handheld locations!
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New Bearing Estimation Model

Walking Motion
Start/End 1st Swing Phase 2nd Swing Phase Heel Touchdown

Hip:

Knee:

Foot:

⇒ Slice of Highest Displacement
⇒ Relative interval [i0, i1] ∈ [0, 1]2
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Device Location Estimation
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Model Parameter Optimization

Test all possible Interval Parameter Combinations

Two measures:
Average Error per Step

⇒ Good Results

Error Variance over Datasets

⇒ Stability
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Model Parameter Optimization

Jacket
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Bearing Estimation Pipeline

Model

- [i0, i1]

- variancez

- detectionZSmooth

- stepPostSmooth

Bearing Extraction

Step Detection

Sensor Fusion

Model Selection

accels

rotVecs
rotZAccels

rotZAccels

rotXYAccels
Model

Model

Steps

Steps incl. Bearing
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Bearing Estimation Results
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Navigation Feedback Framework

Matching Algorithm

Feedback Module

Feedback Calculator

Vibration Audio Text

User

new Position(Lat/Lon, Level)

new Position(Overlay Node)

Feedback

G[0,15] ¬ (Door ∨ Stairs ∨ LevelChange)

∧F [0,15] BearingChange
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Navigation Feedback Framework

D

D BC

BC

D

BC

Door

Bearing Change

Helper Node

Overlay Graph
with Interestpoints:

Doors

Stairs

Bearing Changes

Level Changes

. . .
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Alternative Feedback

Audio

Turn left soon and then

pass the upcoming door.

Go upstairs to level

3 now.

Vibration

time
0ms 100ms 200ms 300ms 400ms

turn left

turn right

error
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Future Work

Enhanced Device Location Estimation & Step Detection

Other new Models

Individual Model Fitting & Learning

Evaluation on User Feedback Rules
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Conclusion

General Model for Heading Estimation

⇒ Stepsegment: Interval with most information [i0, i1]

Two new Models: Jacket & Trousers

⇒ Reliable Distinction via z-Acceleration

“Good” Parameters via Optimization

⇒ Reliable Heading Estimation

Screen-less User Feedback via Audio & Vibration
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Thanks for your Attention!

Questions
&

Answers
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Model Evaluation - Overall Error Distr.
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Model Evaluation - Jacket Boxplot
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Model Evaluation - Jacket Error Distr.
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Model Evaluation - Trousers Boxplot
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Model Evaluation - Trousers Error Distr.
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Optimization for Trousers
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Model Distinction low Frequencies
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Model Results low Frequencies
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Optimization low Frequencies - Jacket

0 0.2 0.4 0.6 0.8

0.2

0.4

0.6

0.8

1

i 1

100Hz

0 0.2 0.4 0.6 0.8

50Hz

0 0.2 0.4 0.6 0.8

33.3Hz

0 0.2 0.4 0.6 0.8

25Hz

3.4

3.6

3.8

4

4.2

4.4

av
g
lo
g
1
0

sq
ua

re
d

er
ro

r
pe

r
st

ep
[◦
]

0 0.2 0.4 0.6 0.8

0.2

0.4

0.6

0.8

1

i0

i 1

12.5Hz

0 0.2 0.4 0.6 0.8

i0

10Hz

0 0.2 0.4 0.6 0.8

i0

8.3Hz

0 0.2 0.4 0.6 0.8

i0

6.3Hz

3.6

3.7

3.8

3.9

4

4.1

4.2

av
g
lo
g
1
0

sq
ua

re
d

er
ro

r
pe

r
st

ep
[◦
]

Jens Helge Reelfs 29



Optimization low Frequencies - Trousers
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Postsmoothing
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Presmoothing - New Method
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Model Evaluation - Online vs. Offline
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