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T he 13th International Conference 
on Mobile Systems, Applications, 

and Services (MobiSys 2015) was held 
18–22 May in Florence, Italy attracting 
more than 150 attendees. The three-
day event featured 29 papers, 13 post-
ers, 17 demos, and 3 videos. This year’s 
technical program covered a wide and 
rich range of topics in mobile systems, 
such as wearable computing, privacy 
and security, gaming, and wireless 
networks.

Opening Day
Krishan Sabnani, Research VP at Bell 
Labs, started the conference with a key-
note about Bell Labs’ vision of future 
communications. The keynote was fol-
lowed by three technical sessions and a 
demos and posters session.

Future Communication Clouds
Sabnani talked about the Bell Labs 
Future X Projects, a research initiative 
aimed at solving problems that could 
fundamentally change how we com-
municate, collaborate, and connect. 
Sabnani mentioned that the networks 
of tomorrow will bring the user to the 
“center of the world.” As applications 
and communication technologies move 
into the cloud, the network will become 
more adaptable and will appear to have 
infinite capacity.

Sabnani illustrated that future 
communication systems will include 
highly integrated computing and net-
working resources combined through 

network-connected datacenters 
(clouds). He also discussed Network 
Function Virtualization (NFV) and 
Software Defined Networks (SDN), 
two key technologies that could drasti-
cally change how an operator architects 
and operates his or her network.

Sensing and Applications
The first session focused on mobile sens-
ing and applications that support it. In 
“Invisible Sensing of Vehicle Steering 
with Smartphones,” Dongyao Chen 

(University of Michigan) presented a 
system called V-Sense that uses non-
vision sensors on a smartphone to sense 
vehicle steering. In contrast to existing 
work that relies on cameras, V-Sense 
does not use cameras and can accurately 
differentiate various steering patterns by 
relying on built-in smartphone sensors.

The next talk, “Turning a Mobile 
Device into a Mouse in the Air,” by 
Sangki Yun (University of Texas at 
Austin), proposed using any smart 
device with a microphone, such as a 
smartphone or smart watch, to serve 

as a mouse and control any electronic 
device with speakers.

The talk “Tracking Keystrokes 
Using Wireless Signals,” presented by 
Bo Chen (The Ohio State University), 
focused on examining the feasibility 
for a nearby receiver to detect and iden-
tify the keystrokes of a user typing on 
a wireless device by simply observing 
the resultant variations in the wireless 
channel.

The final paper of this session, pre-
sented by Rajalakshmi Nandakumar 
(University of Washington), was titled 
“Contactless Sleep Apnea Detection on 
Smartphones.” Sleep apnea is a medical 
disorder estimated to affect more than 
18 million Americans, and it occurs 
when breathing is disrupted during 
sleep. The authors detect sleep apnea 
events by transforming the phone 
into an active sonar system that trans-
mits sound waves and listens to their 
reflections.

Mobile Advertising
The second session included papers 
focused on providing a better under-
standing of mobile advertising. Suman 
Nath (Microsoft Research) presented 
“MAdScope: Characterizing Mobile 
In-App Targeted Ads,” a study that 
characterizes what information mobile 
apps send to ad networks and how 
effectively ad networks use the infor-
mation to target users. Nath claimed 
that MAdScope could be a valuable 
tool in understanding how in-app 
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targeting will evolve in the following 
years.

Next, Wenhao Li (Shanghai Jiao 
Tong University) presented “AdAttester: 
Secure Online Mobile Advertisement 
Attestation Using TrustZone,” propos-
ing a verifiable mobile ad framework 
based on ARM’s TrustZone technology. 
According to the authors, their work 
can accurately distinguish ad fraud from 
legitimate ad operations, incurring only 
a small performance overhead.

The final paper of this session, “Effi-
cient Privilege De-Escalation for Ad 
Libraries in Mobile Apps,” presented by 
Bin Liu (Samsung Research America), 
proposed methods for de-escalating 
privileges for ad libraries by implement-
ing a novel machine-learning classifier to 
identify ad library code and rewrite core 
resource access functions of that code.

Mobility, Gaming, and 
Performance
The final session of the first day 
included papers that explored how 
to provide a better user experience in 
terms of reduced user-perceived latency 
of smartphone applications. Three 
papers focused on reducing the latency 
of mobile gaming for users, while one 
paper aimed to reduce the latency of 
applications running on smartphones. 
“GameOn: P2P Gaming on Pub-
lic Transport,” presented by Nairan 
Zhang (University of Wisconsin-Mad-
ison), proposed a system that lets com-
muters participate in multiplayer games 
with each other using P2P networking 
techniques. This reduces the need to use 
high latency and possibly expensive cel-
lular data connections.

Next, Eduardo Cuervo (Microsoft 
Research) presented “Kahawai: High-
Quality Mobile Gaming Using GPU 
Offload,” proposing a system that pro-
vides high-quality gaming on mobile 
devices by offloading a portion of the 
GPU computation to a server-side 
infrastructure.

“Accelerating Mobile Applications 
through Flip-Flop Replication,” pre-
sented by Mark Gordon (University 

of Michigan), was one of the two Best 
Paper award recipients. The paper pro-
posed Tango, a new method for using 
a remote server to accelerate mobile 
applications. Tango replicates the appli-
cation and executes it on both the client 
and server and reduces user-perceived 
application latency by predicting which 
replica will be faster.

The final paper of this session, “Out-
atime: Using Speculation to Enable 
Low-Latency Continuous Interaction 
for Mobile Cloud Gaming,” presented 
by Kyungmin Lee (University of Michi-
gan), was the second Best Paper award 
winner. This work proposes Outatime, 
a system that aims to reduce cloud gam-
ing latency by producing speculative 
rendered frames of future possible out-
comes and delivering them to the client 
ahead of time.

Demos and Posters
On the evening of the first day, hun-
dreds of attendees participated in the 
session for presenting demos and post-
ers. There were a couple of interesting 
presentations from Disney Research, 
one of which targeted minimizing 
the power consumption of location 
detection through watermarking and 
fingerprinting. Another poster, “Con-
text-Triggered Mobile Network Mea-
surement,” presented by Shichang Xu 
(University of Michigan), won one of 
the two Best Poster awards. The poster 
“Swarming Drones Can Connect You 
to the Network,” by Albert Y. Chung 
(Korea University), was another Best 
Poster award winner.

One noteworthy demo was “Real-
Time Screen-Camera Communication 
Behind Any Scene,” which won the 
Best Demo award (discussed more in 

the next section). Another demo was 
“Finger and Hand Gesture Recogni-
tion using Smartwatch,” which demon-
strated a smartwatch worn on the wrist 
that can identify the user’s arm, hand, 
and finger movements using its acceler-
ometer and gyroscope sensors.

Cameras, Wearables,  
and Mobile Apps
The second day of the conference started 
with a session focused on camera use 
and vision applications for detecting 
and aiding the visual experience of 
users in realizing specific applications.

Cameras
Hsin-Mu Tsai (National Taiwan Univer-
sity) presented, “RollingLight: Enabling 
Line-of-Sight Light-to-Camera Com-
munications.” RollingLight is a line-of-
sight light-to-camera communication 
system that allows for real-time decod-
ing using cameras with heterogeneous 
sampling rates. Analysis of results 
showed that RollingLight delivers high 
throughput.

“InFrame++: Achieve Simultaneous 
Screen-Human Viewing and Hidden 
Screen-Camera Communication,” was 
presented by Anran Wang (Beihang 
University). Wang described the sys-
tem by giving examples in which cer-
tain side information—such as product 
specification and sales—is encoded into 
visual patterns and displayed on a screen 
while a user is watching. However, he 
explained that these visual patterns 
(such as QR codes) are not consum-
able by humans. The proposed system 
enables concurrent, dual-mode, full-
frame communication for both users 
and devices.

Next, Tianxing Li (Dartmouth Col-
lege) presented “Real-Time Screen-
Camera Communication Behind Any 
Scene,” where he and his coauthors 
proposed HiLight, the first real-time 
screen-camera communication system. 
Their proposed method decouples com-
munication from the screen content and 
leverages the alpha channel to encode 
bits into the pixel translucency change. 
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HiLight supports unobtrusive commu-
nication atop arbitrary screen content 
and is robust across diverse practical 
settings.

Robert LiKamaWa (Rice University) 
presented “Starfish: Efficient Concur-
rency Support for Computer Vision 
Applications,” a system that aims to 
overcome the limitation of current 
mobile systems that do not support 
concurrent application use of the cam-
era. Starfish is a split-process execution 
system that supports concurrent vision 
applications by allowing them to share 
computation and memory objects in a 
secure and efficient manner. In this way, 
Starfish improves both the performance 
and energy efficiency of concurrent 
vision applications.

Wearables
This next session included work on 
the use of wearable devices. Jeremy 
Gummeson (Hewlett-Packard Labs) 
introduced “TypingRing: A Wearable 
Ring Platform for Text Input,” which is a 
wearable ring platform that enables text 
input into computers of different forms. 
Wearing TypingRing on the middle fin-
ger, the user can type on any surface as 
if a keyboard were underneath his or her 
hand. The research team found that this 
wearable device results in an average 
accuracy of 98 percent.

In the same session, G. Enrico San-
tagati (Northeastern University) pre-
sented “U-Wear: Software-Defined 
Ultrasonic Networking for Wearable 
Devices.” Santagati proposed using 
ultrasounds with frequencies above 
20 kHz to connect medical wearable 
devices.

An interesting presentation was 
given by Shubham Jain (Rutgers Uni-
versity), who presented “LookUp: 
Enabling Pedestrian Safety Services 
via Shoe Sensing,” featuring an appli-
cation that warns pedestrians before 
crossing the street. This application 
is based on an accelerometer that is 
mounted on the user’s shoes to moni-
tor his or her walking pattern. Jain 
showed that LookUp can accurately 

determine transitions between side-
walk and streets.

The last presentation in this session 
was given by Nic Lane (Bell Labs) who 
introduced “ZOE: A Cloud-less Dialog-
enabled Continuous Sensing Wearable 
Exploiting Heterogeneous Computa-
tion.” ZOE is a match-box-sized worn 
sensor that aims to perform multiple 
deep sensor inferences that span key 
aspects of everyday life through a 
speech dialog system that answers ques-
tions from users.

Understanding and Improving 
Mobile App Capabilities
The number of smartphones used 
worldwide increases each year, and 
smartphone users demand better 
performance and capabilities. The 

presentation by David T. Nguyen (Col-
lege of William and Mary), “Reduc-
ing Smartphone Application Delay 
through Read/Write Isolation,” pro-
posed SmartIO, a system motivated 
by the fact that Android devices spend 
up to 58 percent of CPU time waiting 
for storage I/Os to complete. SmartIO 
reduces the application delay by assign-
ing higher priority to reads and lower 
priority to writes.

Parth H. Pathak (University of Cali-
fornia, Davis) presented “AccelWord: 
Energy Efficient Hotword Detection 
through Accelerometer.” His team pro-
posed using the accelerometer sensor, 
available in nearly all smart devices, 
instead of energy expensive sensors 
(such as a microphone) to listen for 
hotwords.

The work “Wearables Can Afford: 
Light-Weight Indoor Positioning with 
Visible Light,” presented by Zhice Yang 

(Hong Kong University of Science and 
Technology) proposed modulating 
light’s polarization instead of its inten-
sity, enabling a low pulse rate “visible 
light positioning.”

The last presentation for the day 
was “OverLay: Practical Mobile Aug-
mented Reality,” presented by Puneet 
Jain (Duke University). Jain introduced 
a mobile augmented reality (AR) system 
that incorporates smartphone sensing, 
computer vision, cloud offloading, and 
an optimization framework on space 
and time, capturing typical human 
behavior and pruning the computer 
vision search space. Jain mentioned 
that the work provides a ready-to-use 
platform for enabling a broad spectrum 
of compelling mobile AR applications.

MobiSys and WWW 2015
MobiSys was collocated with the Inter-
national World Wide Web conference, 
so the last day started with a joint 
WWW-MobiSys keynote, delivered by 
Deborah Estrin, a professor of com-
puter science at Cornell Tech in New 
York City. Estrin talked about small 
data, which is the data derived from our 
individual digital traces.

What Could We Do with  
Access to Our Small Data?
Estrin mentioned that every user gener-
ates his or her own digital trace while 
working, shopping, sleeping, eating, 
exercising, and communicating, when 
mobile technologies accompany these 
activities. The social networks and 
search engines use and analyze these 
digital traces to offer targeted adver-
tisements and improve system perfor-
mance. Yet most services do not make 
these individual traces available to the 
people who generated them.

Estrin advocated for having services 
make such data available to users, 
because this broad but highly personal-
ized dataset can be analyzed to draw 
powerful inferences about each user’s 
health and well-being. She envisions a 
new kind of cloud-based app that would 
create a picture of each user’s health 
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over time by continuously, securely, and 
privately analyzing the digital traces 
generated. She finally mentioned that 
her group is building prototypes that 
demonstrate the power of small data.

Joint WWW-MobiSys Session
MobiSys organizers also arranged a 
joint session with the WWW conference. 
The session included four papers. He 
Wang (University of Illinois at Urbana-
Champaign) presented “Visually Fin-
gerprinting Humans without Face Rec-
ognition,” introducing a technique that 
aims to recognize humans using motion 
patterns and clothing colors.

Next, Gennady Pekhimenko (Carne-
gie Mellon University) presented “Pock-
etTrend: Timely Identification and 
Delivery of Trending Search Content 
to Mobile Users.” PocketTrend is a sys-
tem that automatically detects trending 
topics in real time, identifies the search 
content associated with the topics, and 
intelligently pushes this content to users 
in a timely manner.

Adam Lerner (University of Wash-
ington) presented “Analyzing the Use 
of Quick Response Codes in the Wild.” 
Lerner talked about analyzing a log of 
87 million scans, performed by users of a 
popular QR and barcode app. An inter-
esting finding was the malicious uses of 
QR codes that include links to Android 
applications containing malware.

The final paper of this session, 
“Bringing the CUPID Positioning Sys-
tem to Practice,” was presented by Sou-
vik Sen (HP Labs). Sen talked about 
CUPID 2.0, an indoor localization sys-
tem that achieves a mean localization 
error of 1.8m by addressing the funda-
mental limitations in the Time-of-Flight 
(ToF) localization technique.

Mobility and Networking
The final session of the conference 
included papers focused on under-
standing cellular network performance 
and improving mobile measurements. 
Narseo Vallina-Rodriguez (Interna-
tional Computer Science Institute) pre-
sented “Beyond the Radio: Illuminating 

the Higher Layers of Mobile Net-
works.” Vallina-Rodriguez talked 
about results of the ICSI Netalyzr app 
for Android to characterize service 
quality for users. He and his coauthors 
identified the widespread use of trans-
parent middleboxes, such as HTTP and 
DNS proxies, that modify user traffic 
and compromise user privacy.

Next, Shichang Xu (University of 
Michigan) presented “Mobilyzer: An 
Open Platform for Controllable Mobile 
Network Measurements.” Xu described 
in detail the benefits of their proposed 
system that provides controllable and 
accurate network measurements and 
leverages crowdsourcing to enable mea-
surement studies previously infeasible 
in mobile networks. Xu, a first-year 
PhD student, explained that he aimed 
to use Mobilyzer to trigger sensor mea-
surements only when necessary.

Xinyu Zhang (University of Michi-
gan) presented “Energy Efficient WiFi 
Display,” proposing a set of optimiza-
tion mechanisms to reduce power con-
sumption of Wi-Fi display. Zhang and 
his coauthors achieve this by reducing 
video tail traffic and relocating the 
Wi-Fi display channel dynamically to 
maximize transmission efficiency.

The final paper of the conference 
“Practicalizing Delay-Tolerant Mobile 
Apps with Cedos,” presented by Young-
Gyoun Moon (KAIST), proposed a 
practical delay-tolerant mobile network 
access architecture in which one can 
easily build a mobile app.

Networking and Banquet
Several networking events were 
held during the conference. The first 
event was a lunch organized by the 
N2-Women initiative to connect 
women who attended the MobiSys 
and WWW conferences. The sec-
ond networking event was a walking 
tour in some of Florence’s key places: 
Santa Maria Novella Church, The 
Duomo, Signoria’s Square, Old Bridge, 
and Repubblica Square.

During the banquet on 20 May, all 
those attending MobiSys held up a glass 

of Italian wine to toast Gaetano Bori-
ello’s life. Boriello was an incredible 
mentor and he inspired many people 
during his career. He is remembered for 
his teaching and altruism.

T he conference concluded with a 
panel in which senior research-

ers Ramón Cáceres, David Johnson, 
Kang Shin, Doug Terry, and Roy Want 
discussed the future of the MobiSys 
conference and mobile computing in 
general. The panel began with the ques-
tion “What did early mobile computing 
researchers get right/wrong about how 
mobile technology would evolve?” An 
interesting discussion ensued. Panelists 
also discussed what the future of mobile 
computing would be in 10 years. They 
mentioned they could imagine mobile 
computing in 2025 focusing on context-
awareness communication to improve 
peoples’ lives. This could implement 
the actual “smart” vision of mobile 
computing.
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