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Abstract. Portable sensory devices carried by humans—which are re-
ferred to as Human Probes—facilitate easy-to-use sensing and monitor-
ing of urban areas. In this demonstration, we developed a prototype of
Aquiba sensing system from off-the-shelf mobile phone. Aquiba involves
collaborative sensing that helps in achieving high-fidelity sensing while
minimizing overall energy consumption. We validated the benefit of col-
laborative sensing through field experiments.

1 Introduction

Human-Probe sensing, which allows ordinary people carrying sensors to par-
ticipate in data collection, provides an exciting opportunity to design a novel
humans-in-the-loop sensing environment because it eliminates the hindrance of
deploying myriad static sensors across a wide area and leads to a fully distributed
urban sensing. Human Probes consider not only participatory and opportunis-
tic modes of data capture but also collaboration without community bonds.
Such collaboration could take place automatically among strangers, even with-
out them being aware of it. Therefore, this paper focuses on the design and
analysis of collaborative Human Probes by exploiting dynamic, emergent, and
ephemeral pedestrian groups. We propose a mobile sensing system called Aquiba
for efficiently collect environmental data in urban areas. In order to minimize
total energy consumption while still achieving high-fidelity sensing, Aquiba au-
tonomously adjusts sensing rate of each Human Probe based on the availability
of nearby Human Probes which always changes along the time. We develop pro-
totype devices and conducted field experiments in which the results confirm the
efficacy of Aquiba system in terms of energy efficiency and sensing fidelity.
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Fig. 1. A prototype of Human-Probe device

2 Aquiba: Collaborative Sensing System

Aquiba considers the following issues which are decided on the basis of the
various factors relating to Human-Probe sensing: (i) an environmental sensing
system consists of a server, mobile phones, and sensors; (ii) the mobile phones
are equipped with cellular and short-range wireless interfaces; (iii) the sensors
are either integrated in the mobile phones or positioned at various locations in
the environment to capture environmental data; (iv) the server issues a query
including the desired sensing rate R; for each data type for each sensing area Aj;,
where 4 indicates the index of the sensing areas; (v) the mobile phones are able
to acquire their current location information. In particular, the Human Probes
that we consider perform implicit sensing tasks, i.e., the sensors automatically
capture the requested data and the mobile phones upload the data to the server
via a cellular network. The mobile phone uses short-range wireless interface to
communicate with nearby sensors and other mobile phones.

Upon receiving a query from the server, Human Probe which exists in A4;
performs the collaborative sensing by adjusting its sensing rate to 1,3?', where
k; is the number of Human Probes in A;. To maintain information ‘of other
Human Probes in the same sensing area, a mobile phone uses short-range radio
to broadcast beacon packets periodically. Based on received beacon packets, a
Human Probe can determine the current number of neighboring Human Probes
and accordingly adjust its sensing rate. Each Human Probe needs to set an
expiry time for each neighboring Human Probe and delete the expired neighbors
from its neighbor table periodically. In our implementation, the determination
of the beacon interval and neighbor management is based on those of AODV
protocol [I].

3 Prototype Implementation

We developed a platform of Mobile-phone-based Human Probe with ZigBee
(MHPZ). The hardware of MHPZ consists of three components: MHPZ body,
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MHPZ parent (MHPZ-P), and MHPZ child (MHPZ-C) as shown in Fig.[ll The
MHPZ body is an off-the-shelf mobile phone and functions as a Human Probe if
it is physically connected with MHPZ-P. The MHPZ-P, which is equipped with
a ZigBee interface, is connected to the MHPZ body via a serial interface and can
communicate with any ZigBee devices. Thus the MHPZ-P functions as a gate-
way between the mobile phone and various sensors with ZigBee communication
capability. Finally, the MHPZ-C can sense and transmit data to the MHPZ-P
via ZigBee radio.

Inside the MHPZ body, we implemented a BREW application software (MHPZ-
App) to handle communication with an MHPZ-P and control cellular communica-
tion of mobile phone. The MHPZ-App controls and monitors the MHPZ-P through
a synchronous command, i.e., the MHPZ-App issues a command (e.g., asking to
broadcast a beacon packet) to the MHPZ-P, which in turn sends corresponding
replies (e.g., informing neighbor information or sensed data) to the MHPZ-App.
The MHPZ-App calculates an appropriate sensing rate based on the Aquiba proto-
col. In our prototype implementation, MICAz Motes are used for both MHPZ-P
and MHPZ-C, and Casio G’zOne W62CA is the MHPZ body.

4 Experimental Study

We asked 12 participants to carry the MHPZ platforms and walk in an 156m-
by-132m area. The MHPZs collaboratively captured temperature data and up-
loaded them to a server. There were six experimental scenarios (E1-E6), each
of which specified a different walking pattern and stopping probability. Partici-
pants walked freely in scenarios E1-E4, while they followed a different sequence
of predetermined way points in scenarios E5 and E6. When people run into their
acquaintances on the street, they may stop for a short period to say hello and
have a conversation. We examined the impact of such a behavior by using dif-
ferent stopping probability in each scenario, i.e., 1.00, 0.50, 0.33, 0.25, 1.00, and
0.33 for scenarios E1, E2, E3, E4, E5, and E6, respectively. Each participant
received a trump card, and they stopped when encountering a participant who
carry the same trump card. In all scenarios, R; was set to 12 times per minute,
and the beacon packets were broadcast every five seconds.

Human Probes aim to maximize sensing fidelity which is defined as a ratio
of the sensing rate perceived by the server to the desired sensing rate in a given
sensing area. If the total number of packets arrives at the server during the
period AT is N, the sensing fidelity is mm(f:T’Ri) . We also calculate upload
ratio which is a ratio of the number of uploadsl carried out by Aquiba protocol
to the number of uploads carried out by non-collaborative Human Probes.

The results of all scenarios are shown in Fig.2l Fig.2al shows the variation of
sensing fidelity along time axis. For all scenarios, sensing fidelity generally achieves
the highest level (1.0) except for the several instances being temporarily below 1.0.
The lower sensing fidelity is partially due to stale neighbor information. Fig.2hl
shows overall sensing fidelity for the entire experimental period along with 95%
confidence intervals. As far as sensing fidelity is concerned, there is no significant
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Fig. 2. Experimental results

difference among all scenarios. The experiments showed that sensing fidelity is not
significantly affected by the stopping probabilities and walking patterns.

The temporal variation of upload ratio (Fig.2d) was normally lower than 40%.
Fig.2dl shows overall upload ratio for the entire experimental period along with
95% confidence intervals. The upload ratios of scenarios E5 and E6 (predeter-
mined routes) are significantly different, i.e., the number of uploads is reduced
when the stopping probability is high. The upload ratios of scenarios E1, E2,
E3, and E4 (free walk) suggests a similar impact of the stopping probability on
upload ratio, i.e., higher stopping probability leads to lower upload ratio.

5 Demonstration

In the demonstration, we will prepare MHPZ devices and show how the mobile
phones acquire data from sensor, and how the phones find neighbor Human
Probes and adjust their sensing rate automatically. Users can check current
status and set parameters of Aquiba through GUI of mobile phones. We will
also prepare the server to show collected sensor data in real-time.

Reference

1. Perkins, C.E., Belding-Royer, E.M., Das, S.: Ad hoc on-demand distance vector
(AODV) routing. RFC 3561, IETF (July 2003)



	Aquiba: An Energy-Efficient Mobile Sensing System for Collaborative Human Probes
	Introduction
	Aquiba: Collaborative Sensing System
	Prototype Implementation
	Experimental Study
	Demonstration



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




