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We have talked about multi-touch screen

1 min brainstorming

What other components does a smartphone have 
that can be used for interaction? 

And how?
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Single user interaction
Multi-user interaction
Sensing beyond interaction

Think as a designer/engineer
Learn different sensing principles + possibilities



Single user interaction
Multi-user interaction
Sensing beyond interaction



Single touch
Multi touch
 -> pinch gestures

 -> zoom in/out

 …

Postures?



UIST 2012
Goel et.al. from UW

GripSense: Using Built-In Sensors to Detect Hand Posture and Pressure 
on Commodity Mobile Phones



Problem definition: Detect a user’s hand postures and touch pressure

Solution: touch info + IMU     and   IMU + vibration motor

GripSense: Using Built-In Sensors to Detect Hand Posture and Pressure 
on Commodity Mobile Phones



IMU basics

IMU = Inertial Measurement Unit

A sensor module that reports motion from multiple axes.

Typical signals:
• 3-axis accelerometer (specific force / acceleration)
• 3-axis gyroscope (angular rate)
• sometimes 3-axis magnetometer (heading reference)

Example IMU breakout

MPU-6050 module (GY-521)



Problem definition: Detect a user’s hand postures and touch pressure

Solution: touch info + IMU     and   IMU + vibration motor

GripSense: Using Built-In Sensors to Detect Hand Posture and Pressure 
on Commodity Mobile Phones

Shape of swipe arc
Direction of the arc indicates different hands

Shape and position of thumb
Thumb touch size is larger on far side

Rotation of the devices
the phone rotates in response to touches 
at the top of the screen more than it does 
to touches at the bottom of the screen



Problem definition: Detect a user’s hand postures and touch pressure
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GripSense: Using Built-In Sensors to Detect Hand Posture and Pressure 
on Commodity Mobile Phones

Shape of swipe arc
Direction of the arc indicates different hands

Shape and position of thumb
Thumb touch size is larger on far side

Rotation of the devices
the phone rotates in response to touches 
at the top of the screen more than it does 
to touches at the bottom of the screen

(a) left hand and operated with 
left thumb

(b) right hand and operated 
with right thumb

(c) in either hand and operated 
with the index finger

(d) on a flat surface 

(e) being only grasped by the 
user and not operated.



GripSense: Using Built-In Sensors to Detect Hand Posture and Pressure 
on Commodity Mobile Phones



Problem definition: Detect a user’s hand postures and touch pressure
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Problem definition: Detect a user’s hand postures and touch pressure

Solution:

GripSense: Using Built-In Sensors to Detect Hand Posture and Pressure 
on Commodity Mobile Phones

note that this is way before the 3D touch available on iPhone

Key idea: 1) Trigger the built-in vibration motor when a user touches the screen 
2) The user’s hand absorbs a portion of these vibrations. (dumping effect)
3) Detect the vibration changes with the gyro

touch info + IMU     and   IMU + vibration motor
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GripSense: Using Built-In Sensors to Detect Hand Posture and Pressure 
on Commodity Mobile Phones

Applications:



GripSense: Using Built-In Sensors to Detect Hand Posture and Pressure 
on Commodity Mobile Phones

What makes this work 
interesting?

Extract extra information

(postures + pressure)

 based on built-in sensor

Enrich interaction vocabulary



Single touch
Multi touch
 -> pinch gestures

 -> zoom in/out

 …

Postures

Different part of the finger?



UIST 2012
Harrison et.al. from CMU

TapSense: Enhancing Finger Interaction on Touch Surfaces



Problem definition: Detect a user’s interaction with the touchscreen with 
different part of the finger
Tip Nail Knuckle Pad

Observation:

TapSense: Enhancing Finger Interaction on Touch Surfaces

Solution: using acoustic features
- different materials produce different acoustic signatures 

   and have different resonant frequencies



Acoustic sensing: Sensing vibration 

For prototyping?

TapSense: Enhancing Finger Interaction on Touch Surfaces

–> Microphone; IMU, etc

Benefit?
fast and less noise



Features (amplitude + abs amplitude + FFT…) -> SVM 

TapSense: Enhancing Finger Interaction on Touch Surfaces

Acoustic sensing: Sensing vibration –> Microphone; Accelerometer, etc



Enhance interaction:

TapSense: Enhancing Finger Interaction on Touch Surfaces



Passive instruments
Beyond fingers:

TapSense: Enhancing Finger Interaction on Touch Surfaces



TapSense: Enhancing Finger Interaction on Touch Surfaces

What makes this work 
interesting?

A general approach for 
enhancing interactions 
by identifying different 
parts of a finger.

Product vs Research



TapSense: Enhancing Finger Interaction on Touch Surfaces

Qeexo.com – spin off from CMU



Single touch
Multi touch
 -> pinch gestures

 -> zoom in/out

 …

Postures

Different part of the finger

---
---

---
---

---
--

-----

-----

Gestures before 
and after touch?



Air+Touch: Interweaving Touch & In-Air Gestures

UIST 2014
Chen et.al. from CMU



Problem definition: Design in-air gestures for mobile interaction

Solution? What if we don’t have built-in sensors to sense above
screen gestures?

Air+Touch: Interweaving Touch & In-Air Gestures

-Using existing tools to simulate the technology in the future



Problem definition: Design in-air gestures for mobile interaction

Solution:

Air+Touch: Interweaving Touch & In-Air Gestures



Interaction Design: Where to start to design in-air gestures?

Air+Touch: Interweaving Touch & In-Air Gestures

User study/observation ;)

Participants: 12 (5 female, 7 male, ages 24-36)

Task: to perform a set of common tasks on a smartphone         
(e.g., compose a text message, navigate on a map).
 
Data analysis: Video coding 
 -> Distill a set of features that could translate into 

gestural input, while avoiding collisions



Interaction Design: Where to start to design in-air gestures?

Air+Touch: Interweaving Touch & In-Air Gestures

Some of the insights: 

 Touch event can serve to delimit in-air gestures
 

 Few of the finger motions observed contains elliptical 
/rectangular/sharp angle paths



Interaction Design: Where to start to design in-air gestures?

Air+Touch: Interweaving Touch & In-Air Gestures

In-air gestures: before, between, after touches

Circular/zigzag paths can be used as in-air gestures

Some of the insights: 

 Touch event can serve to delimit in-air gestures
 

 Few of the finger motions observed contains elliptical 
/rectangular/sharp angle paths



Interaction Design: Proof-of-concept gesture vocabulary

Air+Touch: Interweaving Touch & In-Air Gestures

In-air gestures:
before, between, after touches

Circular/zigzag paths can be used as in-air gestures



Examples – Before touch

Air+Touch: Interweaving Touch & In-Air Gestures

Circle in air and tap

High-up and tap for mode switching



Examples – Air Between Touch

Air+Touch: Interweaving Touch & In-Air Gestures

Finger ‘high jump’ between touches to 
select text

Drawing an ‘L’ between touches for 
marquee-selection (sub-region of picture)



Examples – Air After Touch

Air+Touch: Interweaving Touch & In-Air Gestures

Drawing a ‘pigtail’ after touch 
for free-form selection

Cycling in-air after touch to 
zoom on a map

Hovering after touch to change 
scroll speed



Air+Touch: Interweaving Touch & In-Air Gestures

Is this the end of the work?

What would be the next step?



Single user interaction
Multi-user interaction
Sensing beyond interaction



Single user interaction
Multi-user interaction
Sensing beyond interaction



AirLink: sharing files between multiple devices using in-air gestures

Ubicomp 2014
Chen et.al. from UW



AirLink: sharing files between multiple devices using in-air gestures

How does it work? Doppler shift!



How does it work?

AirLink: sharing files between multiple devices using in-air gestures

Built-in sensing:

Doppler shift

Just microphone and speakers
High-frequency sound
(near ultrasound) 



How does it work?

AirLink: sharing files between multiple devices using in-air gestures

Built-in sensing:

Doppler shift

Just microphone and speakers
High-frequency sound
(near ultrasound) 



Limitation?

AirLink: sharing files between multiple devices using in-air gestures

Limited gesture space

No distance detections



Tracko: Ad-hoc Mobile 3D Tracking Using Bluetooth Low
Energy and Inaudible Signals for Cross-Device Interaction

UIST 2015
Jin et.al. from Yahoo Labs



Tracko: Ad-hoc Mobile 3D Tracking Using Bluetooth Low
Energy and Inaudible Signals for Cross-Device Interaction

BLE (only) knows the 
presence of a 

neighbor device

Tracko knows the 
actual locations



Tracko: Ad-hoc Mobile 3D Tracking Using Bluetooth Low
Energy and Inaudible Signals for Cross-Device Interaction

How does it work?

Fuses 3 signal types on commodity devices

1. Bluetooth low energy (BLE)
2. Inertial motion (gyro+accelerometers, etc)
3. Inaudible stereo signals (ultrasound)



Tracko: Ad-hoc Mobile 3D Tracking Using Bluetooth Low
Energy and Inaudible Signals for Cross-Device Interaction

How does it work?

Bluetooth low energy (BLE)

Robust signal -> detects the presence of surrounding devices



Tracko: Ad-hoc Mobile 3D Tracking Using Bluetooth Low
Energy and Inaudible Signals for Cross-Device Interaction

How does it work?

Inertial motion (gyro+accelerometers, etc)

Track each phone’s 3D orientations

https://www.youtube.com/watch?v=Bv3c97BYXvE



Tracko: Ad-hoc Mobile 3D Tracking Using Bluetooth Low
Energy and Inaudible Signals for Cross-Device Interaction

How does it work?

Inaudible stereo signals

Track distance between a pair of phones

https://www.youtube.com/watch?v=Bv3c97BYXvE
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Tracko: Ad-hoc Mobile 3D Tracking Using Bluetooth Low
Energy and Inaudible Signals for Cross-Device Interaction

How does it work?

Inaudible stereo signals

https://www.youtube.com/watch?v=Bv3c97BYXvE

Problem? No time sync between two devices

Track distance between a pair of phones



Tracko: Ad-hoc Mobile 3D Tracking Using Bluetooth Low
Energy and Inaudible Signals for Cross-Device Interaction

How does it work?

Inaudible stereo signals

https://www.youtube.com/watch?v=Bv3c97BYXvE

Solution: capture round-trip

Track distance between a pair of phones
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Tracko: Ad-hoc Mobile 3D Tracking Using Bluetooth Low
Energy and Inaudible Signals for Cross-Device Interaction

How does it work?

Inaudible stereo signals

Solution: capture round-trip

Track distance between a pair of phones



Tracko: Ad-hoc Mobile 3D Tracking Using Bluetooth Low
Energy and Inaudible Signals for Cross-Device Interaction

How does it work?

Fuses 3 signal types on commodity devices

1. Bluetooth low energy (BLE) -> coarse presence
2. Inertial motion (gyro+accelerometers, etc) -> phone orientation
3. Inaudible stereo signals (ultrasound) -> 3D offset



Tracko: Ad-hoc Mobile 3D Tracking Using Bluetooth Low
Energy and Inaudible Signals for Cross-Device Interaction



Enough technologies -> here is a fun project



THAW: Hybrid Interactions with Phones on Computer Screens

TEI 2015
Leigh et.al. from MIT



Single user interaction
Multi-user interaction
Sensing beyond interaction



Single user interaction
Multi-user interaction
Sensing beyond interaction



SpiroCall: Measuring Lung Function over a Phone Call

CHI 2016
Goel et.al. from UW



Seismo: Blood Pressure Monitoring using Built-in Smartphone 
Accelerometer and Camera

CHI 2018
Wang et.al. from UW



Single user interaction
Multi-user interaction
Sensing beyond interaction
Beyond sensing



MobiLimb: Augmenting Mobile Devices with a Robotic Limb Marc 
Teyssier, Gilles Bailly, Catherine Pelachaud, Eric Lecolinet UIST 18



Recap
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Optional readings

UIST 2013
Yang et.al. 

CHI 2019
Wang et.al. 


