




Indoor walking directions in Google Maps for Android
Google Maps. May 9, 2012. [https://www.youtube.com/watch?v=eMLpo75H4Fc]



2 Fundamental Technologies

Mapping
Content Creation

Localization
Content Selection

[ https://towardsdatascience.com ]



2 Fundamental Technologies

Mapping
Content Creation

Localization
Content Selection

Structured 
Geometry Modeling

Computational
Motion Sensing



Computational Motion Sensing

Sachini HerathHang Yan Qi Shan Saghar Irandoust Pyojin Kim



The Iron Giant



Iron giant

You



1. What is IMU?

3. Our solution

2. Existing approach

[ ICRA 2020]



Inertial Measurement Unit (IMU)
(gyroscope, accelerometer, compass)



Gyroscope



Accelerometer



vs.

Computer Human

Three semicircular canals,
utricle, and saccule. 

Gyroscope
Accelerometer

Compass

IMU

Computer vs. Human



[ https://www.youtube.com/watch?v=DthY8EBkb0o ]

Orientations Positions

https://www.youtube.com/watch?v=5rwzbTSlgqY&t=147s

Computer vs. Human



How To mechatronics [ https://www.youtube.com/watch?v=eqZgxR6eRjo ]



Inertial Measurement Unit (IMU)

AR: Position estimation (supplement)

VR: Orientation trackingActivity recognition

Body motion capture



Inertial Navigation



Why use
motion sensing?



Where am I?

=

Computer

GPS Wireless (RSSI, RTT, 5G) Camera

Mobile computing
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Computer

GPS Wireless (RSSI, RTT, 5G) Camera

Where am I?

Indoor Anytime/Anywhere Mobile computing



=

Computer

GPS Wireless (RSSI, RTT, 5G) Camera Motion sensor (IMU)
[image from IEEE GlobalSpec]

Where am I?

Indoor Anytime/Anywhere Mobile computing



Ultimate anytime
anywhere navigation

Inertial navigation  =

Energy efficient Indoors Inside pocket



1. What is IMU?

3. Our solution

2. Existing approach

[ ICRA 2020]



Existing approaches
(inertial navigation, dead reckoning)

Orientations

Positions

Motion sensors



Daniel Safari
https://www.youtube.com/watch?v=82_5yagSaUM

IMU

Angular velocity
(gyroscope)

Acceleration + gravity
(accelerometer)

Magnetic field
(compass)

Roll
Pitch
Yaw

Kalman
Filter

Device orientation
(Kalman Filter)



[ Pession, Wac, and Konstantas: WayFiS ]

Position Estimation

Existing approach

• Device orientations (Kalman Filter)

• Assume

• A phone faces forward

• Moves forward

• Step counting works



Human activities in the wild



1. What is IMU?

3. Our solution

2. Existing approach

[ ICRA 2020]



43 hours
30 million frames
100 kilometers
100 humans
3 buildings
4 phones



Robust Neural Inertial Navigation ( )

• Device orientations
by Kalman Filter

• Body positions
by Deep Learning



Robust Neural Inertial Navigation ( )

• Device orientations
by Kalman Filter

• Body positions
by Deep Learning



Robust Neural Inertial Navigation ( )

• Device orientations
by Kalman Filter

• Body position derivatives (velocities)
by Deep Learning



Velocity

6d vector @ 200Hz

2d vector @ 20Hz



Velocity

In what coordinate frame?

6d vector @ 200Hz

2d vector @ 20Hz



Velocity

IMU frame

R1 R2 R3 R4 R5

Tango to IMU



Velocity

Heading-agnostic coordinate frame

R1R1
s

R1
s IMU to gravity-stabilized

Tango to IMU

Rr

Rr

Random rotation around gravity
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Ours







RTE: Relative Trajectory Error

[m]

After 1 minute (approx. 70 meters),
the positional error less than 5 meters.





https://ronin.cs.sfu.ca

[ ICRA 2020 ]



Future step
Anytime anywhere navigation

Anytime anywhere localization





Wireless (RSSI, RTT, 5G) Camera

Motion sensor (IMU)
[image from IEEE GlobalSpec]

Indoor map



Structured Geometry Modeling

Nelson Nauata Fuyang Zhang

Chen Liu Huayi ZengSatoshi Ikehata Yiming Qian

Mahsa Abyaneh Sepid Hosseini

Amin Shabani

Weilian Song



Evolution of 3D Reconstruction Techniques

Sensing Perception



[ Google Project Tango ]

Sensing = “An inherent power by which
the body perceives an external stimulus”

- Oxford Dictionary



[ CANVAS by Occipital (https://canvas.io) ]

Perception = “The process by which people translate sensory
impressions into a coherent and unified view of the world
around them.” - Business Dictionary



[ Google Project Tango ] [ CANVAS by Occipital (https://canvas.io) ]

Sensing Perception

1985 1990 1995 2000 2005 2010 2015 2020

Ice age

Ice age
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Perception ?Revolution?
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Sensing
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Ice age

Ice age

RevolutionSensing
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CVPR 2009

ECCV 2012

ICCV 2015

CVPR 2014

ICCV 2017

ECCV 2018

ECCV 2018/ICCV 2019

CVPR 2020

CVPR 2018/CVPR 2019

Perception
Ice-age (junk) Revolution



CVPR 2009

ECCV 2012 ICCV 2015

CVPR 2014 ICCV 2017

ECCV 2018

ECCV 2018/ICCV 
2019

CVPR 2020

CVPR 2018/CVPR 
2019

Bottom-up Top-down

Heuristics

Data-driven



Geometric Elements

0D primitive

1D primitive

2D primitive

3D primitive



Bottom-up
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Top-down

2D primitive

0D primitive
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Top-down
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Top-down

2D primitive

0D primitive

1D primitive



Perception
Ice-age (junk) Revolution (impact)

CVPR 2009

CVPR 2014
CVPR 2018/CVPR 2019

ECCV 2018/ICCV 2019

ECCV 2012

ICCV 2015

ECCV 2018 CVPR 2020
ICCV 2017



Bottom-up Top-down

Heuristics

Data-driven

CVPR 2009

CVPR 2014
CVPR 2018/CVPR 2019

ECCV 2018/ICCV 2019

ECCV 2012

ICCV 2015

ECCV 2018 CVPR 2020
ICCV 2017



Bottom-up Top-down

Heuristics

Data-driven

CVPR 2009

CVPR 2014

CVPR 2018/CVPR 2019

ECCV 2018/ICCV 2019

ECCV 2012

ICCV 2015

ECCV 2018

ICCV 2017

CVPR 2020



Bottom-up Top-down
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CVPR 2009

CVPR 2014
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How to interpret these?



Bottom-up Top-down

Heuristics

Data-driven

CVPR 2009

CVPR 2014

CVPR 2018/CVPR 2019

ECCV 2018/ICCV 2019

ECCV 2012

ICCV 2015

ECCV 2018

ICCV 2017

CVPR 2020

Complex messages

• Detect high-level primitives.

• DNN does not help structured modeling



CVPR 2009

CVPR 2014

CVPR 2018/CVPR 2019

ECCV 2012

ICCV 2015

ECCV 2018CVPR 2020

ECCV 2018/ICCV 2019
ICCV 2017

Bottom-up Top-down

Heuristics

Data-driven



ECCV 2018/ICCV 2019ICCV 2017

Floorplan vectorization
from scan

Floorplan reconstruction
from 3D points

1. Corners by DNN
2. Edges/regions by optimization 

1. Regions by DNN
2. Edges/corners by optimization

Bottom-up Top-down





1. House information extraction
2. House price prediction
3. Remodeling
4. …

[ https://www.youtube.com/watch?v=71eRxTc1DaU ]

vectorize reconstruct





Floorplan vectorization from scan



Corner detection by DNN

Wall corner

Door corner



Corner detection by DNN

Wall corner

Door corner



Edge enumeration

Wall corner

Door corner

Wall candidate

Door candidate



Edge selection by optimization

Wall corner

Door corner

Wall candidate

Door candidate



e1

e2

e3

e4

e5

e6

Edge selection by optimization

e1 – e6: Binary variables

If e1 is 1, true-edge.
Else (e1 is 0), false-edge.

We expect

after the optimization problem

e11 e21 e31
e41 e50 e61
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Edge selection by optimization
e1 – e6: Binary variables

If e1 is 1, true-edge.
Else (e1 is 0), false-edge.

We expect

after the optimization problem

e11 e21 e31
e41 e50 e61

Subject to

If we add a door e6,
there must be a door e4.
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ECCV 2018/ICCV 2019ICCV 2017

Floorplan vectorization
from scan

Floorplan reconstruction
from 3D points

1. Corners by DNN
2. Edges/regions by optimization 

1. Regions by DNN
2. Edges/corners by optimization

Bottom-up Top-down





Issues of bottom-up

Cannot miss a single corner



Issues of bottom-up

Much easier to detect regions



Top-down approach

Given a region, solve for its boundary



Top-down approach

Given a region, solve for its boundary



Top-down approach

Given a region, solve for its boundary





Annotated floorplanPoint cloud Topdown-view density

527 panorama RGBD scans with floorplan annotations
from Beike (https://www.ke.com)



Ground-truth
Top down

point density
FloorNet

(Bottom-up)
Ours

(Top-down)





(bottom-up)

(top-down)





(bottom-up) (top-down)



CVPR 2009

CVPR 2014

CVPR 2018/CVPR 2019

ECCV 2012

ICCV 2015

ECCV 2018CVPR 2020

ECCV 2018/ICCV 2019
ICCV 2017

Bottom-up Top-down

Heuristics

Data-driven

• Detect high-level primitives.

• DNN does not help structured modeling

• Corner detection 
as input is clean image

• Complex optimization

• Region detection
as input is noisy points

• Very complex optimization
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Navigation, Mobile-Apps, AR-Games, Business-AR




