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50%
of persons drop out of exercise

within 6months
Wilson & Brookfield, 2009
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Drop-outExercise

Lack of

Reasons for

Len Kravitz
University of New Mexico

Motivation

Social interaction

Expense & Time

Poor body image
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“A digital game where the outcome of 
the game is predominantly determined 
by physical effort.”

Florian Mueller
University of Melbourne

Exertion Game
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Adapting
exertion activities

▶PCGamerBike, Kinect Sports
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Supporting
social 

interaction
▶Jogging over Distance [CHI ‘07], Remote Impact [CHI ‘08]
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Ground-based exercise

Water-based exercise

▶Jogging, Cycling, Running…

▶Swimming, Snorkeling…
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Transforming

activity into
swimming

multi-player
exergame
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MobyDick Game.mp4



How to enable

wireless

among swimmers
communication
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How to recognize

swimming activity
in real time

!
!
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How to

design

considering swimming
exergame

contexts

an
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1. Networking 
Performance

Poolin the

▶Network performance by water depth
▶Network reconnection time
▶Network performance by swimming styles



1. Networking Performance in the Pool

Experimental setup

1m

1m

CL▶Round Trip Time 
▶Packet Loss Rate
▶Received Signal StrengthTx Power

100%, 50%

UDP Packet
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ISP
LG, KT

Mode
2.4Ghz-B, G 

5Ghz-AC, 
A/N



Network performance
1. Networking Performance in the Pool

water depthby
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OFDM OFDMWCDMA

800Mhz 2.4Ghz / 
5Ghz2Ghz

 

▶Use of different modulation



Disconnection
Still poor channel conditions…

might occur!

1. Networking Performance in the Pool

The depth of 20cm…?

Available
while swimming?

Periodic emergence from water

Submersion while freestyle
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<1sWiFi

Network reconnection time
1. Networking Performance in the Pool

Disconnection!

LTE (KT) 12.3s UMTS HSPA+ LTE

LTE (LG) 3.2s LTE

< 15s (AP scan interval) 3.1s

Immediately reconnect previous AP by caching 
AP info. 

(e.g., BSSID, assigned IP)
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1. Networking Performance in the Pool

Overall PLR < 
0.05

Overall PLR > 
0.3

PLR = 
0.73

PLR = 
0.51

Freestyl
e

Breaststrok
e

Deeper & longer 
submergence

Network performance
swimming stylesin
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1. Networking Performance in the Pool

significant performance variation

SWIMMING STYLES

need enough time to re-establish 
connectivity 

RECONNECTION TIMEWATER DEPTH

performance degradation /occasional 
disconnection

most robust under swimming 
contexts

LTE
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2. Swimming
Stroke
Recognition

▶Swimming style 
classification
▶Stroke timing detection



Intrinsic swimming activities

Stroke TimingSwimming Styles

2. Swimming Stroke Recognition

Freestyle Backstroke

Breaststro
ke

Butterfly
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Stroke Timing.wmv



StrokeSense

Game logic

Barometer

Stroke timing 
detector

Accelerometer
/ Gyroscope

Feature
calculator

Swimming 
styles classifier

Framin
g

Feature
s

2. Swimming Stroke Recognition

Swimming
styles

Stroke 
timing

swimming styles& stroke timing recognition system
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Swimming styles classification
2. Swimming Stroke Recognition

Swimming 
styles classifier

Highly-trained 
swimmers

Training data

Test data

Highly-trained 
swimmers98.0% 60.7%

Test data

Less-trained swimmers

& Effec
t

Swimming club 
members

Swimming club 
members

Additional participants

More difficult 
swimming 

stylesSame swimmer

> 95%

User-specific classifier

skill level 
differences

of
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2. Swimming Stroke Recognition

Stroke timing detection
barometerusing

7.9m

Required 
height/depth for 

1hPa change 

10  – 

15
cm

10 – 
15hPa

< 
0.02hPa

0.01m
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2. Swimming Stroke Recognition

swimming styles & 
stroke

timing recognition 
system

user-specific swimming 
styles classification

stroke timing as peaks of 
barometric values

STROKESENSE
SKILL 

DIFFERENCES
BAROMETRIC

SENSOR
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3. Game Design
User Study&

▶Mapping swimming activities into the game
▶Multi-player collaboration with social awareness 
cues
▶Loss- and Latency-tolerant design



3. Game Design and User Study

Mapping

swimming activities

into the game
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Swimming Styles Mapping.wmv



3. Game Design and User Study

Multi-player collaboration
with social awareness cues

Explicit 
communication

Actio
n

(e.g. , 
atta

ck, 

evasio
n…

)

Status
(e.g. ,  health 

point, the 

member 

attacked)

Team-wide audio broadcast

Social awareness

MobyDick
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Waterproof 
wired 

earphones



3. Game Design and User Study

Loss- Latency-tolerant designand

Swimming freestyle for network performance increaseDecrease frequency of status updates

Your HP 
remains          

%
10

0
99989796959493929190827973
10

0
755025

You’re 
STUNNED

!
Swim 

freestyle 
for 

recovery!
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3. Game Design and User Study

User study

Making swimming 
enjoyable “(When swimming without the game) usually it’s kind 

of boring. 
[Playing the game] definitely took such feelings away 

from me.”

“It cheers me up to hear that [Alpha and Bravo] are 
attacking when I am attacking too. I feel we are the 

same team indeed”.

Socially enriched swimming 
experiences

Intuitive behavioral metaphor

“When I freestyle or butterfly, it seems like hitting the 
water. (...) Backstroke seems like lying on the water and 

taking some rest.”
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N=8

Pre-intervie
ws

Individual
interviews

Focus group 
interviews

Transcriptio
n

Open coding Topics

Game play



Future Work

general classification 
model considering the 

unique characteristics of 
swimming

adapting swimmer’s 
condition into the game

(e.g., heart rate)

SWIMMING STYLES 
CLASSFICATION

EXERCISE 
INTENSITY

GROUP FITNESS
SWIMMING

explore novel social 
interactions in group 

fitness swimming
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Summary

NETWORKING 
PERFORMANCE

IN THE POOL

the most robust 
network under 
water: LTE

water depth 
degrades network 
performanceswimming styles 
influences network 
performance

need enough time 
to reconnect

SWIMMING
STROKE 

RECOGNITION

swimming 
styles & 
stroke 
timing 
recognition

user-specific 
classification 
to cover skill 
level 
differences

stroke 
timing 
detection 
using 
barometric 
valuesGAME DESIGN 

AND 
USER STUDY

mapping 
swimming 
styles into 
game 
commands

multi-player 
collaboratio
n with social 
awareness 
cues

loss- & 
latency-tolera
nt game 
design
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