Demo + Video + Makers' Program

MM’18, October 22-26, 2018, Seoul, Republic of Korea

Demo: Phase-based Acoustic Localization and Motion Tracking
for Mobile Interaction

Yang Liu
Shanghai Institute of Microsystem and Information
Technology, CAS & University of Chinese Academy of
Sciences
yang.liu@wico.sh

Weidong Fang
Shanghai Institute of Microsystem and Information
Technology, CAS
weidong.fang@wico.sh

ABSTRACT

Motion tracking, as a mechanism of mobile interaction, allows
devices to get fine-gained user input by locating the real-time po-
sition of target devices (e.g., smart phones, smart watches) in the
air. With the proliferation of mobile devices and smart multime-
dia devices (e.g., smart TV, home audio system), the ubiquitous
speakers and microphones in the devices provide more diverse
ways of acoustic-based mobile interaction. In this demonstration,
we propose a fine-gained motion tracking system, which can be
developed on commercial mobile devices and track the devices
with millimeter level (mm-level) accuracy. We first compensate the
phase offset between receiver and audio source at each frequency.
We then use the acoustic phase change at receiver to achieve ac-
curate distance measurement. Finally, we implement our system
on off-the-shelf devices, and achieve a fine-gained motion tracking
in two-dimensional space. Our experiments show that our system
achieves high accuracy as well as high sensitivity: our system could
detect the sight and slow movement caused by human breathing
for example.
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1 INTRODUCTION

Motion tracking allows devices to get fine-grained user input by
locating the real-time position of target devices (e.g., smart phones,
smart watches) in the air. Motion tracking is attractive in mobile
social networks nowadays for supporting various applications, e.g.,
mobile and video games, Virtual Reality (VR), Augmented Real-
ity (AR), smart TVs. In recent years, many indoor localization and
motion tracking methods on electromagnetic signals, such as Wi-
Fi signal [3, 7], visible light [8, 9], millimeter wave [1, 4], have
been proposed. The indoor localization methods provide promising
means to achieve lightweight motion tracking in the future. How-
ever, most of them require customized hardware, which are costly
at present which limit the availability to regular users. Further, the
methods based on electromagnetic signals only have sub-meter
level accuracy which is insufficient to track a user’s gesture or
posture. With the proliferation of mobile devices and smart mul-
timedia devices, the ubiquitous speakers and microphones in the
devices provide more diverse ways of acoustic phase-based mobile
interaction[2, 5, 6]. Acoustic signal has its advantages in motion
tracking, such as slow propagation velocity, the low sampling rate
of acoustic signals.

In this demonstration, we propose a mobile devices (e.g., smart-
phones) tracking scheme, called Phase-based Acoustic Localization
and Motion Tracking (Ptrack) system, which can be developed on
commercial mobile devices to provide fine-grained location and
motion tracking for the devices. When senders transmit frames
of inaudible acoustic sinusoidal signals at different frequency, the
mobile device receives the signals. Then the receiver computes the
distance from it to each sender, and estimate its location. Our key
insight we can use the acoustic phase change at mobile devices to
achieve accurate distance measurement. Ptrack first compensate the
phase difference between audio sender and mobile devices. Then,
We propose a novel method to evaluate the impact of multipath
effects in different frequencies. We choose the signal with the im-
pact with minimal impact to calculate the phase changes caused
by the devices movement, and maps the phase changes into the
distance of the movement. Finally, we implement our system on
off-the-shelf devices, and achieve a fine-gained motion tracking.
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2 OVERVIEW

The knowledge of audio signal’s phase and frequency is a fundamen-
tal aspect for phase-based relative distance measurement. However,
there are phase offsets between the smartphone and audio sources
because the devices are independent. The offsets are different when
the devices power up, which indicates that we can not accurately
estimate the phase offset by prior knowledge. In order to make a
compensation for the phase offsets, we propose a phase compen-
sation algorithm which could compensate the phase offsets. The
phase offsets are different at different frequencies. According to
our experiments, the phase offsets at different frequencies can be
seen as a linear increase in frequency domain for some time (i.e., 15
minutes), In particular, we first measure the phase offsets at several
frequencies, then we use a linear fit to estimate and compensate the
phase offsets at other frequencies. The upshot of this is that each
sender and receiver can be treated as synchronized over a period,
despite being different devices.

We now give an overview of Ptrack when operating on a single
sound frequency. We implemented our approach using different
system sampling frequencies,e.g., 44.1 KHz, 48 KHz, and has ob-
tained similar results. Without loss of generality, we assume that
the sampling frequency of the receiver is 48 KHz. In order to make
the sound inaudible, the audio source of Ptrack operates sinusoidal
signals, and the frequency of the signal is constant for each car-
rier and in the range of 17-23 KHz. The sound in the range can
be generated and received by many commercial devices without
introducing audible noises. We use the microphones on the smart-
phone to record the sound wave using the same sampling rate of
48 KHz. Because of the limited accuracy and resolution of existing
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Figure 1: Active phase-based distance.

approaches, we propose a phase-based distance measurement ap-
proach for acoustic signals using direct-path signals. The change of
the direct-path would cause phase change at receiver which could
be accurately measured by Ptrack. According to the phase change
A¢, we can calculate the distance change AD, as show in Fig.1.

We implement Ptrack on a platforms without any hardware
modification. Our platform consists of a PC with Intel I7 CPU and
8 GB RAM used as a server. The PC has a sound card which could
support multiple speakers. We use some PHILIPS PA311/93 speakers
($8 each) connected to the desktop, and the speakers transmit audio
signals at different frequencies. We use the bottom microphone of
smartphones to acquire the signal, and offload the computation of
compensation and tracking to the server. The Experimental setup
for 1-D and 2-D measurement as shown in Fig.2. Further, we use
respiratory rate detection to evaluate Ptrack’s ability of detecting
remote micro movement, as shown in Fig.3.
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Figure 2: Experimental Setup.
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Figure 3: Remote micro movement detection.

3 DEMONSTRATION

In this demonstration, we will show real-time Ptrack system and
its efficacy to enable fine-grained localization and tracking with
high sensitivity using acoustic signals. We will bring commercial
speakers, smartphones, and laptops for the demonstration. In this
system, we will demonstrate real-time fine-grained 1-D distance
measurement between a speaker and a smartphone, detect small
and slow movement caused by human breathing rate at different
distance, run real-time motion tracking in two-dimensional space
under noisy indoor environments. During the demonstration, we
will need a power outlet for the devices, and also need a desk with
around 1m X 2m space to place the equipments. The whole setup
process could been completed less than an hour.

4 CONCLUSIONS

By leveraging existing multimedia devices, Ptrack provides fine-
grained real-time localization and motion tracking using inaudible
acoustic signals. The system could be implemented on commercial
devices, such as smartphone, tablets, laptop, and desktop without
any hardware modification. Ptrack introduces a novel phase com-
pensation algorithm to achieve acoustic phase synchronization at
each frequency between devices over a period. It further designs a
multi-path effect mitigation algorithm to improve the performance
under dynamic indoor environments. We believe this work will
make a strong push towards novel acoustic-based applications using
ubiquitous multimedia devices.

ACKNOWLEDGMENTS

This work is partially supported by the National Natural Science
Foundation of China (No. 61571004), the Shanghai Natural Sci-
ence Foundation (No. 16ZR1435200), and the Science and Tech-
nology Innovation Program of Shanghai (No. 17DZ1200302, No.
17DZ2292000, No. 16510711600).



Demo + Video + Makers' Program

REFERENCES

(1]

[2

Omid Abari, Haitham Hassanieh, Michael Rodreguiz, and Dina Katabi. 2016. Poster:
A Millimeter Wave Software Defined Radio Platform with Phased Arrays. In
Proceedings of the 22Nd Annual International Conference on Mobile Computing
and Networking (MobiCom ’16). ACM, New York, NY, USA, 419-420. https:
//doi.org/10.1145/2973750.2985258

C. Evers, A. H. Moore, and P. A. Naylor. 2016. Acoustic simultaneous localiza-
tion and mapping (A-SLAM) of a moving microphone array and its surrounding
speakers. In 2016 IEEE International Conference on Acoustics, Speech and Signal
Processing (ICASSP). 6-10. https://doi.org/10.1109/ICASSP.2016.7471626

Kiran Joshi, Steven Hong, and Sachin Katti. 2013. PinPoint: Localizing Interfering
Radios. In Proceedings of the 10th USENIX Conference on Networked Systems Design
and Implementation (nsdi’13). USENIX Association, Berkeley, CA, USA, 241-254.
http://dl.acm.org/citation.cfm?id=2482626.2482651

A. Olivier, G. Bielsa, I. Tejado, M. Zorzi, J. Widmer, and P. Casari. 2016. Lightweight
Indoor Localization for 60-GHz Millimeter Wave Systems. In 2016 13th Annual IEEE
International Conference on Sensing, Communication, and Networking (SECON).
1-9. https://doi.org/10.1109/SAHCN.2016.7732999

[5] J. M. Valin, F. Michaud, J. Rouat, and D. Letourneau. 2003. Robust sound source

localization using a microphone array on a mobile robot. In Proceedings 2003

1230

MM’18, October 22-26, 2018, Seoul, Republic of Korea

IEEE/RSF International Conference on Intelligent Robots and Systems (IROS 2003) (Cat.
No.03CH37453), Vol. 2. 1228-1233 vol.2. https://doi.org/10.1109/IROS.2003.1248813
X. Wang, L. Gao, S. Mao, and S. Pandey. 2017. CSI-Based Fingerprinting for
Indoor Localization: A Deep Learning Approach. IEEE Transactions on Vehicular
Technology 66, 1 (Jan 2017), 763-776. https://doi.org/10.1109/TVT.2016.2545523
Jie Xiong, Karthikeyan Sundaresan, and Kyle Jamieson. 2015. ToneTrack: Lever-
aging Frequency-Agile Radios for Time-Based Indoor Wireless Localization. In
Proceedings of the 21st Annual International Conference on Mobile Computing
and Networking (MobiCom ’15). ACM, New York, NY, USA, 537-549. https:
//doi.org/10.1145/2789168.2790125

Zhice Yang, Zeyu Wang, Jiansong Zhang, Chenyu Huang, and Qian Zhang.
2015. Wearables Can Afford: Light-weight Indoor Positioning with Visible Light.
In Proceedings of the 13th Annual International Conference on Mobile Systems,
Applications, and Services (MobiSys ’15). ACM, New York, NY, USA, 317-330.
https://doi.org/10.1145/2742647.27426438

Shilin Zhu and Xinyu Zhang. 2017. Enabling High-Precision Visible Light Lo-
calization in Today’s Buildings. In Proceedings of the 15th Annual International
Conference on Mobile Systems, Applications, and Services (MobiSys '17). ACM, New
York, NY, USA, 96-108. https://doi.org/10.1145/3081333.3081335




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: move down by 5.40 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20180816121304
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     474
     343
    
     Fixed
     Down
     5.4000
     0.0000
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0
     Quite Imposing Plus 2
     1
      

        
     0
     3
     2
     3
      

   1
  

 HistoryList_V1
 qi2base





