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Engaging Office Environment: 3D Desk Surface
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MagDesk Interactive Tabletop Workspace Based on Passive Magnetic Tracking
UbiComp2024,KunpengHuang,Yashdravantchj DongyaoChen, and Alanson Sample 3



Toothbrushing and Silent Communication

MagXcan be mounted agarables Transform everyday objects with magnets Interactive applications
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Tooth brush monitoring Silent speech in crowd
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Tooth brush  Tooth brace



Magnetic Tracking for Motion Capture
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Motion capture (mocap) syst»’ems
ACrucial for applications such as sports analytics and healthcare
AMillimeter-level accuracyelies onmillion-dollar devices S




Key Challenges

To derivé C, with trigonometry,
we can measure the lengths of
edges AC, BC, and AB

With magnetic tracking, we can
measure the length of AB

Challenges
A Locating the position of C
A Measuring AC and BC reliabl

Can we measure the joint angle
without locating the cente?




Reducing the Sensor Size

Integrated ma-anet

Chen D, Luo Q, Chen X, Wang X, ZhtMagGDot Drift-free, Wearable Joint Angle Tracking at Low Cost.
UbiComp2024



lon Settings

Evaluat




Evaluation: 1D joint movement

—— MagDot
-=-=- Qualisys

MagDotcan achieve
tracking accuracy of
2.72,4.14, and4.61
degrees for elbow,
knee, and shoulder,
respectively.



EvaluationMagDotis Driftfree Compared
with IMU (l.e., gyroscope + accelerometer)

More intense
activitiesaggravate
the drifting error of
IMU-based methods!
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IMU

Walking Jogging Running
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Testing Our System on Basketball Players
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Size of the

<— sensing unit

Developing the form factor

abling zero-effort

.|¥ calibration Integrated magnet Knee
9.8X9.8 cm?, —>0
| 6)(6 cmz : Shoulder
: | e L\
: : Improving wearability
|
|
l : 7 2.6X3 cm?
: . .
[MobiCom’ 21, SenSys’ 23] [MobiCom’ 22] [UbiComp® 24]



Neodymium passive magnets
The magnetic field is constant, durable
It is passive

Low cost




METRO

Magnetic Road Markings for All  -weather, Smart Roads
ACM SenSys 2023, Nov.14

Jike Wang Shanmu Wang, Yasha Iravantchi, Mingke Wang, Alanson
Sample, Kang G. Shin, Xinbing Wang, Chenghu Zhou, Dongyao Chen



Background and Motivation

Road markings in 1917 Road marking detection
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Road surface markings are traffic infrastructure



£ s
Adverse weather conditions Wear and tear

The of road markings is the major hurdle for driving
safety and efficiency



Current Paradigm Is Limiting

Wet reflective
D}

Non-wet reflective

Reflective road marking  Raised pavement marker Down-pointing arrow

These markers only convégnited information and may still be
occludedby adverse conditions



OcclusiodAree Solutions

AR/ A
=
SpamTvay

ImpinjR420 RFID reader

ARadio frequency identification (RFID)
AHigh cost (>$1,000)
AMulti-path effect

AMillimeter wave
A Obstacleocclusion
AMulti-path effect

ANearfield communication (NFC) NFGenabIed |c;ayment
AShort range (<10 cjrand bw speed (<1 m/s)

AMagnetic sensing

Millimeter-wave radar

Magnetic field



Our Solution: METRO

AA novel road marking infrastructure utilizing
and an magnetic sensing framework




The Overview

Encoding with Deploying the
magnets tag

Magnetic Tag Design Module

/

: Decoding the Detecting the Extracting sensor
: message tag data

|

Magnetic Sensing Module




Challenges for Designing METRO

Three key challenges:

1. How to encode diverse road information with passive magnets?
A High encoding capacity

2. How to achieve robust sensing in harshroad scenarios?
A Varying speed/headings
A Realworld disturbances

3. How to deploy METRO In rembrd road environments?

A High durability
A Low cost



Encoding Scheme of METRO

ATwo types of road surface markings

Longitudinal markings (e.g., lane lines) Transverse markings (e.g., arrow markings)

[1] Federal Highway Administration. 2022. Manual on uniform traffic control devices. https://mutcd.fhwa.dot.gov/. (2022).



Encoding Longitudinal Markings

AN/S polarity for the upside
ASolid lineS & b &5
A5 aKSR f RYSY Ja4G{€é€Z odn

@ (N, 90)
@ (S, 90)

90° polarity

Ground
777%////

Longitudinal markings (e.g., lane lines) Longitudinal markings encode by METRO




Encoding Transverse Markings

AN/S polarity for the forward

Mag M

.

@ (N,0
@ (S.0

X

Mag 2 0° polarity

Ground

Transverse markings (e.g., arrow markings) Transverse marking encoded with polarity




How to Encode Diverse Transverse Markings’




Introducing: Intermagnet Distance

AMETRO introducedistance ratio(i.e., ratio of intermagnet distance)

"TMagM - - IMagM

d2 —_ >< dz_‘ x

m) .
— Mag 2

B Seg{
— I\/Iag 1 _ Mag 1

—

— @ Mag 2

@ (N0

@ (S.0)
€ Candidate positio

[

0° polarity

////E!i777

Ground

Only use the N/S polarity ¢CNF YAGSNAES YI NJ AYM RSeydd)S R



Exemplary Transverse Markings

AGiven M=3, L=4 m, Sed. m, METRO can enco24unique messages

Tag 1 Tag 2 Tag 3
~ Mag 3
4m— Mag 2
1m<|:
_ \ETo
Polarity: SNS SNS SNS

Distance ratio: 2m/2m=1 3m/1m=3 1m/3m=1/3



Encoding Capacity Analysis

AEncoding capacity _ Mag M
. . (OTY@ p I
0 ¢ ( 0 C ) X

AWith M =3,L=4 mand Seg0.1 m, METRO  L-

can reliably encodé/ 2 unique messages 29

Seg{
- Mag 1




How to Achieve Robust Magnetic Sensing?

AMETRO needs to tackle unique challenges to facilitatd#treh
on-road scenarios
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High speed (e.g., >50 mph) Adverse weather Rough pavements

We propose armutomotive-grademagnetic sensing frameworkhat
constitutes novel hardware and software designs



Hardware Design

AModular design for the magnetic sensor arra
AA Teensy 4.1 MCU | (G- 3 |
A12 MLX90393 magnetometers __1-74__,.«-‘-&: -

AHardware costg $85 ~ Ona smart electric car
AThe sampling rate: >350 Hz

On a Tesla Model Y



Sensing Algorithm

peak detection algorithm

AThree key steps, total time delay <25 ms
APreprocessing, derivation, peak/valley detection
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Integrated Noise Cancellation

AEnvironmental disturbances can be eliminated by the derivaizsed
sensing algorithm
AOnroad infrastructures
A Surrounding vehicles

Speed bump ~ Concrete Cast iron 3'; 'Cdr”_r'ibi-r'—-]'aitio-h‘f;
’ \" ) : 2 ., ‘ e

Longitudinal tag

Onroad infrastructures Surrounding vehicles



Integrated Noise Cancellation (Cont.)

ADynamic noises from the ego car
A Observation: the wheel rotation incurs severe periodic magnetic noise
Alssue 1: the magnetic field varies with different vehicles and road conditions
Alssue 2: The frequency of the noise varies with the speed
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Integrated Noise Cancellation (Cont.)

ASolution: LMS$asedadaptive magnetic field neutralizatiqlAMN)

Referenc
Sensor
Desired Signal
Input Signal f Output Signal n Ny et
Front Stront Sout

pr—]-| Adaptive Filter
Sensor

= 7y Error Signal
sensor | Serr
LMS Algorithm

Adaptive filter with Least Mean Square
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Accuracy with AMN



EvaluationVehicle Speed

ASpeed: 155 mph (2455 km/h)
AcSad G FaYyandtdgd a B b bF &n, hud/1)
AResults

AThe accuracy of detecting 98nd 0 magnets exceedefi3%and 90%at > 50mph
AOverall detecting accuracy ove7%
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Accuracy w/ different polarities Distance ratio result



Evaluation: Ground Clearance

AMeasure the ground clearance of four different vehicle types
AGround clearance: 185 cm

L A H HbfHiL-L,
§350 =S

Sedans Utility Vehicles Vans Heavy'Trucks
Vehicle type

Ground clearances of different cars



Evaluation: Ground Clearance (Cont.)

AResults
AEven at 30 cm, the performance of°@hd @ magnets aré@3%and87%

AThe overall accuracy exceed@@%within a ground clearance 6f) cm
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Accuracy w/ different polarities Distance ratio result



How to Deploy METRO Iin Reairld Roads?

Achieve anighly durableand cost-effective deployment for
Aa9¢cwhQa asSyazNl I NNJ é
Aa9¢whQa YI3IySGAO dal 3
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AProtect the sensor array with a PVC shell

Alnstalled the sensor array under the front bumper of a compact E¥ foonth
A A total travel distance of ovek50km

Sensor arrg




5SLJY 28l 0oAfAGE 2F a9c¢

AHigh durability Side View
AUse cubic N5grade passive magnets
AWith a 3DBprinted protective shell

ALow cost

AEach magnei$1

ALine marking$0.17per meter
A Traditional line marking: $0.24.70per meter 2

ATransverse marking3 per tag

Cubic Magnet

>
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19.5mm

METRO tags in alleather conditions

[2] 2005. CosBenefit Analysis. https://www.fhwa.dot.gov/publications/ research/safety/humanfac/04142/costest.cfm. (2005)
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ADeployed the tags on a busy public road for one month
AAnN average daily traffic volume exceedbh@00vehicles

b2 RFEYIF3IS 2NJ RSYF3IAYSOGATFOAZ2Y (2
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6. Onemonth deploym§195tai5r.'$\gitf%¥ &%mmmOW! 4. Deploy he ag



