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1972, first digital watch
Hamilton Watch Company and 
Electro/Data Inc

1985, Epson RC-20 Wrist Computer
Calculator, Memo, 2K RAM and a 
Touchscreen

1999, Samsung SPH-WP10
Smartwatch that can make calls



Fat-finger syndrome

Small screen

One hand operation

Between devices interaction

Anything that a smartwatch 
can do but a smartphone 

can’t?

2015, Apple Watch



Input

Output
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Output



What if your hand is occupied 

Your solution?



Electromyography
(EMG) Sensor

2008, Daito Manabe
https://www.youtube.com/watch?v=YxdlYFCp5Ic





EMG Sensor

UIST 2009
Saponas et.al. from MSR



EMG Sensor

Myo Wristband ~$300+





What if your hand is occupied 

Your solution?



WristWhirl: One-handed Continuous Smartwatch Input using Wrist Gestures

UIST 2015
Gong et.al. from Dartmouth

One hand input

Continuous 2D input

Keeping the screen stable

Contribution



WristWhirl: One-handed Continuous Smartwatch Input using Wrist Gestures

Will the wrist input be useful?

Study before building
--  using external Vicon Tracker



WristWhirl: One-handed Continuous Smartwatch Input using Wrist Gestures

Exploring the concept feasibility before implementation

8 gestures
Hand down while standing/walking

Hand up while standing/walking



WristWhirl: One-handed Continuous Smartwatch Input using Wrist Gestures

Exploring the concept feasibility before implementation

Time takes to complete each tasks



WristWhirl: One-handed Continuous Smartwatch Input using Wrist Gestures

Exploring the concept feasibility before implementation

Self-report rating



WristWhirl: One-handed Continuous Smartwatch Input using Wrist Gestures

Implementation

What are the possible techniques we can use to detect wrist gestures?

IR arrays
Liton LTE-301



WristWhirl: One-handed Continuous Smartwatch Input using Wrist Gestures

Implementation



WristWhirl: One-handed Continuous Smartwatch Input using Wrist Gestures

Recognition -> $1 Unistroke Recognizer
http://depts.washington.edu/madlab/proj/dollar/index.html

http://depts.washington.edu/madlab/proj/dollar/index.html


WristWhirl: One-handed Continuous Smartwatch Input using Wrist Gestures

Application



WristWhirl: One-handed Continuous Smartwatch Input using Wrist Gestures

Application

Killer app？

CHI 2018
Gong et.al. from Dartmouth



Fat-finger syndrome

Small screen

One hand operation

Between devices interaction

Anything that a smartwatch 
can do but a smartphone 

can’t?



CHI 2016
Zhang et.al. from CMU

SkinTrack: Using the Body as an Electrical Waveguide for Continuous 
Finger Tracking on the Skin

Interaction on skin

Continuous touch tracking

Non-obtrusive



SkinTrack: Using the Body as an Electrical Waveguide for Continuous 
Finger Tracking on the Skin

Will IR array work?



SkinTrack: Using the Body as an Electrical Waveguide for Continuous 
Finger Tracking on the Skin

Solution



SkinTrack: Using the Body as an Electrical Waveguide for Continuous 
Finger Tracking on the Skin

Sensing principle



SkinTrack: Using the Body as an Electrical Waveguide for Continuous 
Finger Tracking on the Skin

Sensing principle

-> Frequency: 80MHz AC signal
-> Speed: 7.3×107 m/s

-> Length: 91cm wavelength
->1cm equals 4 degree phase shift

λ = wave speed/frequency
or 
λ = v / f



SkinTrack: Using the Body as an Electrical Waveguide for Continuous 
Finger Tracking on the Skin

Hardware

Ring: 80MHz oscillator
         110 mAh
         15h battery life

Band: 4 electrode pairs  



SkinTrack: Using the Body as an Electrical Waveguide for Continuous 
Finger Tracking on the Skin

Evaluation



SkinTrack: Using the Body as an Electrical Waveguide for Continuous 
Finger Tracking on the Skin

Application



Fat-finger syndrome

Small screen

One hand operation

Between devices interaction

Anything that a smartwatch 
can do but a smartphone 

can’t?



ViBand: High-Fidelity Bio-Acoustic Sensing Using Commodity 
Smartwatch Accelerometers

UIST 2016
Laput et.al. from CMU

Gesture detection

Object detection

All with built-in sensors



ViBand: High-Fidelity Bio-Acoustic Sensing Using Commodity 
Smartwatch Accelerometers

Sensing principle



ViBand: High-Fidelity Bio-Acoustic Sensing Using Commodity 
Smartwatch Accelerometers

Sensing principle



ViBand: High-Fidelity Bio-Acoustic Sensing Using Commodity 
Smartwatch Accelerometers

Sensing principle

Use the high-speed mode of existing accelerometer

Only need to modify it’s kernel – pure software solution! 



ViBand: High-Fidelity Bio-Acoustic Sensing Using Commodity 
Smartwatch Accelerometers

Implementation



ViBand: High-Fidelity Bio-Acoustic Sensing Using Commodity 
Smartwatch Accelerometers

Implementation



ViBand: High-Fidelity Bio-Acoustic Sensing Using Commodity 
Smartwatch Accelerometers

Implementation



ViBand: High-Fidelity Bio-Acoustic Sensing Using Commodity 
Smartwatch Accelerometers

Gestures



ViBand: High-Fidelity Bio-Acoustic Sensing Using Commodity 
Smartwatch Accelerometers

Gestures



ViBand: High-Fidelity Bio-Acoustic Sensing Using Commodity 
Smartwatch Accelerometers

Object detections



ViBand: High-Fidelity Bio-Acoustic Sensing Using Commodity 
Smartwatch Accelerometers

Object detections



Input

Output
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Cito: An Actuated Smartwatch for Extended Interactions

CHI 2017
Gong et.al. from Dartmouth



Cito: An Actuated Smartwatch for Extended Interactions

Will this concept be useful?

Generate design space Create low-fi model Study before implementation



Cito: An Actuated Smartwatch for Extended Interactions

Exploring the concept feasibility before implementation



Cito: An Actuated Smartwatch for Extended Interactions

Scenarios: 

Carry heavy obj
Exposure to dust
Covered with sleeve
Gaming with notification
Missing notification
Multitasking
Sharing
…

Exploring the concept feasibility before implementation



Cito: An Actuated Smartwatch for Extended Interactions

Scenarios: 

Potential solutions 
for each of the 
scenarios – 7 point 
Likert scale rating

Exploring the concept feasibility before implementation



Cito: An Actuated Smartwatch for Extended Interactions

Scenarios: 

Potential solutions 
for each of the 
scenarios – 7 point 
Likert scale rating

Exploring the concept feasibility before implementation

Using videos allowed our study to be highly controlled as 
participants had to saw the same demos. 

The videos also encouraged “suspension of disbelief”, allowing 
them to focus on the Cito concept, rather than implementation 
details. 



Cito: An Actuated Smartwatch for Extended Interactions

Scenarios: 

Potential solutions 
for each of the 
scenarios – 7 point 
Likert scale rating

Exploring the concept feasibility before implementation



Cito: An Actuated Smartwatch for Extended Interactions

Implementation

The hinge-translate module



Cito: An Actuated Smartwatch for Extended Interactions

Implementation

The orbit-rotate module



Cito: An Actuated Smartwatch for Extended Interactions

Implementation

The orbit-rotate module



Cito: An Actuated Smartwatch for Extended Interactions

Implementation

The orbit-rotate module



Cito: An Actuated Smartwatch for Extended Interactions



Fat-finger syndrome

Small screen

One hand operation

Between devices interaction

Anything that a smartwatch 
can do but a smartphone 

can’t?



LumiWatch: On-Arm Projected Graphics and Touch Input

CHI 2018
Xiao et.al. from CMU



LumiWatch: On-Arm Projected Graphics and Touch Input

Previous “work”



LumiWatch: On-Arm Projected Graphics and Touch Input

System overview

STMicro VL6180X
ToF sensor



LumiWatch: On-Arm Projected Graphics and Touch Input

System overview

STMicro VL6180X
ToF sensor

Time of Flight Principle (simplified)

light bounces of nearby objects and reflects back
measure time until the light hits the sensor
closer objects = less time until the light reaches them
far away objects = more time until the light reaches them



LumiWatch: On-Arm Projected Graphics and Touch Input

System overview

STMicro VL6180X
ToF sensor

𝑑 =
𝑐×Δ𝑡
2

Time of Flight Principle (simplified)



LumiWatch: On-Arm Projected Graphics and Touch Input

System overview

Time of Flight Principle (simplified)



LumiWatch: On-Arm Projected Graphics and Touch Input

System overview



LumiWatch: On-Arm Projected Graphics and Touch Input

System overview



LumiWatch: On-Arm Projected Graphics and Touch Input

Finger tracking



LumiWatch: On-Arm Projected Graphics and Touch Input



Input

Output



Recap
IR array for 1D sensing

IR ToF for 2D sensing

EM wave for 2D sensing

High frequency Accelerometer for micro-vibration 
sensing

(all very affordable, and you can try with your 
Arduino)

Material is in part based on the lectures by Prof. Cheng Zhang at Cornell



IMWUT 22
Sathya et.al. 



Optional readings

CHI 2019
Iravantchi et.al. 

CHI 2014
chen et.al. from CMU & Autodesk


