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Abstract—With the widespread use of wireless sensor networks
(WSN), more types of applications are emerging. However,
controlling a deployed wireless sensor network after deployment
still requires expertise on embedded system programming and
administration. In this paper, we study how to exploit the widely
available smartphones to reduce these restrictions on users’
expertise. In particular, we present a system called PhoneCon,
which stands for Voice-driven SmartPhone Controllable Wireless
Sensor Networks. Through PhoneCon, users may simply speak to
their phones to operate a deployed wireless sensor network, such
as getting the status of deployed motes, without being exposed
to any of system or programming level details. We have implemented PhoneCon on Android phones for a testbed of MicaZ
sensor nodes. Our evaluation results show that PhoneCon can
interpret users’ intentions well enough through the microphone
and perform corresponding actions with acceptable delays.

I. I NTRODUCTION
In recent years, wireless sensor networks have emerged as
a new class of networking systems that feature very limited
computation, communication, and storage capabilities. For
example, the popular MicaZ series of motes are equipped with
an Atmega128 microcontroller, 128KB of flash memory, 4KB
of internal SRAM, and 512KB of external flash. Although they
have been used in a wide range of applications thanks to active
research and development in the past ten years, interacting
with them, however, still requires advanced knowledge of embedded programming and system administration. For example,
programming a sensor mote involves the use of a specialized
device called the programming board, which, in turn, requires
the installation of drivers on host computers before they can
be fully functional.
To facilitate more widespread adoption of wireless sensor
networks, in this paper, we present a voice-driven system that
is called PhoneCon, which stands for Voice-driven SmartPhone Controllable Wireless Sensor Networks. As the name
indicates, we exploit the recent advances in smartphones to
simplify the way we interact with sensor networks. Specifically, a smartphone is built on a mobile computing platform,
and has several peripheral devices, such as Wifi, bluetooth,
GSM, sensors, camera and GPS. In PhoneCon, we primarily
tap the voice recognition capabilities that are built into current
smartphones, by allowing users to speak to the microphone to
perform various actions ranging from simple tasks to complex
administrations.
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One unique advantage of using PhoneCon is that it allows
users to speak to the smartphones in a nearly natural language.
PhoneCon then translates these spoken words into recognizable commands, and sends them to the sensor network. The
sensor network, which runs a processing engine for handling
commands, sends back replies. Such replies are displayed on
the users’ smartphones to show that those actions have been
performed.
Although PhoneCon is conceptually simple, we have identified a list of challenges and developed solutions. We list them
as follows.
• The first challenge requires correctly interpreting the
words spoken by users. To this end, we develop a natural
language processing algorithm that is trained based on
the most commonly used vocabulary of wireless sensor
networks. This algorithm maps natural language input
from users to actionable commands, which are in turn
used to assign tasks to sensor networks.
• The second challenge requires allowing users to locate
where motes are. To serve this need, we develop a mote
identification algorithm that uses semantic words besides
explicit IDs to represent motes, so that we can make the
network operational even for users with little knowledge
of the physical deployment of the motes.
In summary, to the best of our knowledge, PhoneCon is the
first system developed specifically to control sensor networks
with human voice spoken in natural language. Our results not
only demonstrate that this approach is feasible, but also it is
easy to use, deploy, and could trigger users’ interest during its
operation.
The rest of the paper is organized as follows. We introduce
related work in section II. Section III describes the system
design of PhoneCon. The system implementation details of
PhoneCon are presented in Section IV. In Section V, we
systematically describe the evaluation of PhoneCon. The paper
is concluded in section VI.
II. R ELATED W ORK
Sensor motes, which are small battery powered devices
with limited resources, are inspired partially by the vision
of Internet of Things. Under the help of ultra low-power
Wifi technology, Wifi enabled sensor motes are developed in
research labs [1] and industries [2], [3]. Based on the study
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of Tozlu et al. [4], [5], the sleep energy of Wifi chips can be
as low as 4µA. In that case, the multiple year life time of
motes can be achieved by using low duty cycles (a wakeup
frequency of less than once per 30 seconds). As a result of
that, current Wifi enabled nodes are not suitable for the real
time applications, which require delay in much shorter time
periods.
Speech controlled systems, which involves interpreting human speech and generating controllable commands for controlled devices, have been a popular research subject for years.
Tens of different systems have been developed. To help people
with disabilities, Zeng [6] built a voice controlled read assistive
device. Zhu et al. [7] presented a voice control system for
ZigBee-based home automation networks. Kaila et al. [8]
developed the SCARS (Speech Control and Audio Response
System). In the area of artificial intelligence, Meng et al. [9]
used voice to control the toy car from avoiding obstacles. Elemary et al. [10] proposed a system, which enabled users
control the movements of robot arm using a normal speech
containing spotted words. In the area of wireless sensor
networks, Picovici et al. [11] built up a voice controlled tutorial
of wireless sensor networks technology for second level school
students. However, in those works, the users need to control
the system with a predefined speech command, which requires
a comparably long learning process before using the system.
On the other hand, special hardware is equipped in part of the
proposed systems, which retards the progress of extensive use.
To relief the burden of using special voice recognition
hardware, smartphones are used as a terminal of the speech
controlled system. Barrena et al. [12] proposed a system to
aid persons with neuromuscular disabilities, where the authors
added an input-output (IOIO) Board to smartphone, and used
android speech recognition applications to translate predefined
speech sentences to commands to control TV remotely. However, the users still need to follow the predefined speech words.
One goal of our work is to enable users with no network and
programming background to control their networks freely. As
a result of that, following no predefined lines is a key feature
of our work. We adopt natural language processing to fulfill
is requirement.
Natural language processing, which concerns about the
interactions between machines and human in natural language,
is a process of extracting meaningful information from natural
language input. Natural language processing is widely used.
Xiong and Litman [13] investigated how different types of
perceived helpfulness might influence the utility of features
for automatic prediction to improve the quality of feedback
received by students. Hoffart et al. [14] presented an architecture for integrating a set of natural language processing
techniques with Wiki platform to support adding, organizing
and finding contents in a Wiki. Lease [15] explored methods
for integrating natural language processing algorithms with
information retrieval techniques. However, we have not found
any research that specifically targets on wireless sensor network fields. As far as we know, this paper is the first work
that specifically addresses the unique challenges in applying

natural language processing techniques to the domain of
wireless sensor network deployment management.
In summary, because of the technical barrier to operate and
reprogram wireless sensor networks, their adoption into largescale deployment has been slow. The work presented in this
paper differs from previous work in that, PhoneCon allows
users who have no previous knowledge on how to operate
wireless sensor networks to quickly get familiar with the postdeployment administration, by hiding the low-level technical
details as much as possible, and by providing a very userfriendly, voice-driven interface to the end-users.
III. S YSTEM D ESIGN
With the recent development in hardware, it has been
possible for smartphones to directly communicate with wireless sensor motes, either through the ZigBee radio [16], or
through ultra low-power Wifi chips [1], [2], [3]. Motivated
by these new techniques, we develop a system that enables
smartphones control wireless sensor networks without the help
of intermediate device, such as servers.
In this section, we introduce the design of PhoneCon, which
can be divided into two parts: the smartphone, and the wireless
sensor network, as shown in Figure 1. To help understand how
PhoneCon works, we present two examples as follows. In the
first scenario, Bob wants to know if mote A is alive. He picks
up the phone and speaks “check if mote A is alive”. The
phone translates the sentence into a command “test A alive”
and sends it to processing module on this phone. This module
finds that there is an explicit mote ID in this command, so it
directly sends the command to the deployed wireless sensor
network. Once mote A gets the command, it generates the
appropriate reply, which is “yes”, and sends back the reply
to Bob’s phone, where the reply is displayed on the screen.
Therefore, Bob knows that mote A is alive. In the second
scenario, Bob forgets the ID of mote A, but only vaguely
remembers the location of the node. Therefore, Bob speaks
“check if the mote on the third floor of building X below
the window next to the elevator is still alive”. Based on our
mote identification algorithm, the processing module will be
able to locate mote A successfully. After that, this command
is translated into the same command “test A alive”, and the
remaining procedure is the same as in the first scenario.
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PhoneCon System Design

A. System Components
Although PhoneCon may appear to be conceptually simple,
there are multiple research challenges that we have to address
in its design. Specifically, there are two questions we have to
answer: first, how do we convert the spoken sentences from
the user into actionable commands? Second, how do we locate
a node if the user only provides a vague description of its
location? Specifically, PhoneCon relies on the collaboration
between the smartphone and the sensor node to address these
questions.
Smartphone: The smartphone performs four functionalities: speech-to-text recognition, natural language processing,
mote identification, and network communication. In speechto-text recognition, the smartphone extracts textual sentences
from the spoken words of the user. Next, the natural language
processing module is activated, which analyzes the extracted
sentences to generate actionable commands. Third, if the commands contain descriptive words on the location of the target
sensor node instead of explicit identifiers, the smartphone
performs mote identification, a procedure that determines the
exact location of nodes in the network. Finally, the phone
establishes a network connection with the base mote in sensor
network to send these commands and wait for the reply.
In our design, we adapt two functionalities from the existing
software: the speech-to-text recognition is based on the built-in
engine of Android, and the network communication is based
on existing networking stack on the smartphones. Therefore,
our work focuses on the natural language processing component in Section III-C, and the mote identification algorithm to
translate the vague descriptions of sensor locations into exact
coordinates or node identifiers in Section III-D.
Sensor network: Once the actionable commands are received, the sensor network performs the corresponding actions.
Specifically, we have developed a command processing engine
that runs continuously on the sensor node to handle incoming
commands. The engine is able to invoke more than one functions, post long-running tasks, and may even self-reprogram
according to the users’ needs. In practice, we find this engine
to be both flexible and efficient.
B. Client-server Communication
One critical module to remotely control a sensor network is
the reliable client-server communication module. In our case,
this communication module is similar to Remote Procedure
Call (RPC), which is especially challenging for resourceconstrained sensor nodes.
In PhoneCon, the “client” in our system is different from a
traditional RPC call. Instead of making procedure calls from
an individual component, a procedure call is invoked directly
by the smartphone, which is passed to the sensor mote through
the wireless network. The client stub is implemented on the
base mote, who parses the message from the smartphone
and packs the parameters of the call into another message
and broadcasts the call message to the entire wireless sensor
network. The sensor mote plays the role of the server in the
traditional RPC application, however, we greatly simplified

the base mote stub part because of the resource limitations
on the sensor mote. All the sensor motes are running on a
tiny embedded operating system designed for wireless sensor
network named LiteOS [17], which supports simple system
call APIs. When the sensor mote receives the call message, it
will invoke the related system calls based on the parameters
in the message and return the call results back to the client
through the network.
C. Natural Language Processing
Faithfully understanding users’ words by computers is still
an open problem in natural language processing (NLP). Fortunately, instead of a generic NLP engine, PhoneCon only
demands the correct interpretation of a small set of vocabulary
that is specific to the domain of wireless sensor networks.
This observation not only makes this problem tractable, but
also allows us to develop an engine that runs on limited
computational resources.
1) Action Templates: A typical mote consists of CPU,
memory, flash, LED, radio, and sensors. We observe that those
types of common actions performed on these components
are usually finite. As a result of that, in our system, the
functionality templates of a mote are as shown in Table I.
Type
Devices

Hardware
Software

Name
LED
Sensor
Radio
Storage
CPU
Memory
Power
Variable
Apps

Function
Blink one or more LEDs
Read the sensor for X times with frequency of Y
Send a packet from node X to node Y
Read/write a file containing X
Read CPU utilization
Read memory utilization
Read power consumption
Read variable value
Install/remove an app

TABLE I
T HE LIST OF OPERATIONS SUPPORTED BY P HONE C ON

Given the list of actions known in advance, the task of natural language processing becomes much simpler. Specifically,
we observe that each sentence spoken by the user is partitioned
into two parts: a possibly vague description of the location of
the mote, and an action that is to be performed on the mote.
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•

Description of mote location: the mote can be described
either with an explicit mote ID, or with more vague
descriptions such as its physical or logical coordinates, or
even some requirements whose validness are determined
at runtime. For example, we can describe a mote as “mote
A”, “mote at (102.1, 205.1)”, “mote at third floor of
building X next to the stairway” or “mote located in the
places that are colder than 35 degree”.
Task performed at the node: the sentence also contains
a specification on the type of action to be performed. The
specific action is recognized by matching the keywords
of the sentences to a pre-defined list of actions, which
we call “templates”. The nearest template is chosen as
the best candidate for the action to be performed.

Role
Subject

Object
Action
Auxiliary

Description
The node that executes the command
The target of the
command
The action needs
to be taken
The words that
describe the subject, object or action

List of keywords
node

LED, sensor, GPS, program
variable, etc
blink, read, write, etc
All, each, time, etc

TABLE II
T HE KEYWORDS AND THEIR ROLES

In this table, we classify the words in a typical sentence

into subjects, objects, actions, and auxiliary words. Based on
the list of keywords in Table II, a sentence from the user may
be organized as the following:
Sentence → [Auxiliary][Subject][Auxiliary]
[Action][Auxiliary][Object][Auxiliary]

(1)

Based on this analysis, we extract the stems of each token,
and decide its grammar role by mapping these stems to
the words shown in Table II. Next, we convert the list of
keywords into actionable commands by using them as input
for a finite state machine (FSM). Specifically, the finite state
machine is constructed based on the list of keywords and
their correspondingly generated commands. As an example, a
constructed FSM based on the limited number of keywords in
Table II is shown in Figure 2. Observe that here, the final states
correspond to generated commands, while the transitions are
based on the keywords as inputs. When a sentence is used as
input, it triggers the actions in the FSM, which then generates
the actionable commands as output.
Wait
Start

Initial

Read/write

Interpret

Install/re
emove
Blink/ssend
Retu
urn

2) Speech Input Filter: The natural language inputs provided by the users are converted from voice to words through
the speech input filter. However, existing voice recognition
techniques are designed for general application scenarios.
Therefore, they cannot provide very accurate recognition results for those new word combinations in the context of
wireless sensor networks. To increase the accuracy of speech
recognition in PhoneCon, besides enabling personalized recognition features through training on existing voice recognition
engines, we further perform a filtering step on the list of results
returned by voice recognition. Specifically, for each item in
the list, we run the following two steps: first we replace those
words with similar sounds with the corresponding keywords.
Second, we remove this returned result from the list if no
keywords can be found in the sentence obtained from the first
step.
More specifically, we run a special training process to
collect a cluster of words whose sounds are similar to each
keyword. To achieve this goal, we exploit a feature on existing
voice recognition engines as follows. During this training process, we let each user speak each keyword several times, and
collect all words into a cluster from the list of words returned
by the existing voice recognition program. For example, the
word “node” can be recognized as “nude”, “note”, among
others. Because of the way voice recognition works, these
returned results are exactly those with similar sounds. By
repeating the same experiment multiple times, we can obtain
the needed word clusters in an offline manner.
In the future, we plan to combine PhoneCon with WordNet [18] to implement the unsupervised training functionality.
In general, when no key words are found in the input sentence,
we will pick up all the verbs, and check if they have the same
meanings with those in the key word list. If yes, we add those
verbs into the key word list.
3) Template Matching: Based on the recognition of individual words, we next describe how to convert them into
sentences through a technique called “template matching”.
Specifically, to correctly process the input sentence in the
natural language, we first define a set of grammars for user
input. In practice, commands are usually imperative sentences.
Therefore, we can assume that the words in a command play
one of the roles as shown in Table II.

C
Commit
it

Fig. 2.

Natural Language Processing Finite State Machine

D. Node Identification Algorithm
Although it is trivial if the users state the identifier of a node
explicitly, more often they may refer to one or more nodes
based on their physical properties or environment conditions.
To accurately specify the target node(s), we develop a node
identification algorithm that runs on the smartphone side to
generate accurate coordinates of the target node(s).
The mote identification algorithm works as follows. It takes
a description of the node location as input, and extracts
multiple features from this input. The features are divided into
two categories. The first category includes location features,
which include GPS locations, building or room numbers,
floor information, among others. The second category includes
environment features, which include sensor readings such as
temperature, brightness, pressure, humidity, and acceleration,
among others. Note that the specific features can be extensible
by adding new location or sensor categories.
Once the features are extracted, the algorithm finds the node
by iterating through the features of each node. After the search
finishes, a set of matched nodes are returned as the output. For
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example, as shown in Figure 3, the user describes the mote
as “on the third floor next to stairway in building X”. In this
example, the features “third floor”, “stairway”, and “building
X” are extracted. After searching, the server finds a set of
nodes that match these features.
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It is possible that, however, the search does not return
correct results because the user has not provided a sufficiently
detailed description of the target node. When an identification
failure occurs, a feedback system is triggered as the solution.
Specifically, a map of network topology will show on the
user’s screen. When user picks a mote, the system finds the
mote position on map, and uses the position to identify the
mote ID. This system is also self-learning in that new features
are learned gradually, and are matched to the words that
describe them as provided by the users.

Feature
Extraction

Mote
Identification

Data

Command
Reply
Data

Fig. 4.

Application
A
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Sensing Log

PhoneCon Implementation Overview

IV. S YSTEM I MPLEMENTATION
In this section, we describe the details about how we
implemented the system on the smartphone and a testbed of
MicaZ nodes.
A. PhoneCon Implementation
Figure 4 shows the data flow of PhoneCon system. Note
that, due to that there are no commercially available Wifienabled motes in the market for our purchase; we use a laptop
as an intermediate node to relay the packets transmitting between smartphone and motes. In the future, once Wifi-enabled
motes are made available, we plan to discard the laptop, and
build a system having smartphone and motes communicate
directly. We emphasize that this way of implementation only
has marginal effects on the system performance as the laptop
introduces negligible delays.
On the smartphone side, the system gets input through one
of two approaches, the voice or the text. If the user selects
vocal input, the system calls the speech input API to translate
voice into text. If the user selects text input, they may directly
type in their commands in the text input window.
The most complicated action occurs when the user clicks
on the “send command” button in the user interface. First,
the user input, whether in speech format or in textual format,
is extracted into (translated) textual format. Next, a step of
natural language processing is applied to the translated texts,
whose goal is to obtain the grammatical structure of sentences,
such as recognizing which words are subjects, and which
words are objects. Through this analysis, we can convert the

sentence into a list of keywords, which are used as input to
the finite state machine of actions to generate commands.
After that, the mote identification function will check if
an explicit ID is already included in the command. If not,
it searches for features contained in the payload from the
backend database, and returns the most likely node as the
candidate. Otherwise, the explicit ID is going to be used.
Finally, the parsed commands are sent to the laptop through
network connections (TCP socket), after which the client
waits for the reply from the server. We have the client side
implemented on Android [19], which is a software platform
for mobile devices based on the Linux operating system and
developed by Google and the Open Handset Alliance.
On the mote side, PhoneCon works as a thread that runs on
each node. Only the application layer needs to be modified,
while other layers are left as they are. The PhoneCon application can easily adopt other protocols such as the routing
protocols, or the congestion control protocols.
When PhoneCon is running on the mote side, it classifies
nodes into two roles: the base mote and the worker mote.
On the base mote, which connects to the laptop through the
serial port as shown in Figure 4, two main tasks are running.
The first task is to broadcast the command retrieved from the
laptop to all worker motes. The second task is to send the reply
from the worker mote to the laptop. On a worker mote, after
initialization, it waits until a packet is received from radio. The
mote ID is then extracted from the packet. If the extracted mote
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(a) Start Page

(b) Speech Input
Fig. 5.

(c) Input Command

(d) Get Reply

Screenshots of the Prototype System

ID matches the current mote’s ID, the command is executed
on this node, and a reply is generated and sent back to the
base mote (which in turn forwards the message to the server)
via the radio.
B. PhoneCon Prototype
So far, we have implemented a prototype of PhoneCon,
which supports multiple operation commands on the worker
node. We have plans to support additional commands in our
next step of development. Specifically, we use the Nexus S
phones as our basis of implementation. The user interface of
the program on the smartphone is shown in Figure 5(a). There
are four buttons and two text edit boxes. When the “Speech
Input” button is pressed, a speech input API will be triggered
as shown in Figure 5(b). After the user finishes speaking, the
voice is translated into plain text and saved in the upper text
edit box as shown in Figure 5(c). After we press the “Send
Command” button, the commands are sent out and actions are
performed on the motes. Finally, the replies from the motes
are displayed on the screen as in Figure 5(d). In this example,
we ask the node two to blink for three times. Our prototype
shows that this action is performed by node two successfully.
V. S YSTEM P ERFORMANCE E VALUATION
In this section, we evaluate the performance of NLP algorithm and the whole system. The system performance includes
the impact of Wifi signal, link quality between motes, network
delay and response delay.
A. Natural Language Processing Performance
To test the accuracy of mapping natural language to actionable commands, we distribute the smartphone application
to ten users, where each user enters 100 sentences by voice.
The first two users have a good knowledge of the commands
that can be understood by the phone, while the other eight
users just know the basic idea of wireless sensor networks.
More users would participate in the project in future. The
percentages of the input being correctly parsed are shown in
Figure 6.

Not surprisingly, our algorithm works better for those users
with better knowledge of the actionable commands. Overall
the average accuracy is 95.3%. This high accuracy is because
of the following two reasons: first, because the motes can only
perform a certain range of tasks (which are known by the
users), the vocabulary used is limited to a small range and thus
more predictable. Second, the actions can be extracted from
natural language input correctly as long as the appropriate
keywords are included, no matter how long the input is (as they
will be filtered out by the finite state machine). On the other
hand, the reason for most of the processing failures is when the
users have not clearly expressed the specific function they want
the nodes to perform, especially when they have not used the
correct verbs. The failure also happens when the description
of the object is too complex to extract the object name out.
This happens rarely, while the users want to send a particular
file or know the value of a special variable. Finally, we can
observe a trend that the better the user knows the technical
details of the system, the better the algorithm performance
is. This is mainly because the user subconsciously obeyed the
grammar rules that the system used, hence, their spoken words
are better interpreted.
B. System Overhead
In this section, we evaluate the overall overhead of the
PhoneCon system in terms of the memory size. The peak
memory usages of these three parts of system are 27 MB,
8.7 MB, and 3.3 KB (program flash memory), while the
corresponding platform full memory sizes are 512 MB, 4
GB and 128 KB. Based on these results, we conclude that
PhoneCon runs with acceptable system overhead.
On the other hand, we measure the power consumption
for PhoneCon on SmartPhone with PowerTutor [20], which
is a power measurement tool developed for smartphone. We
also measure the power on wireless sensor motes with an
oscilloscope. As the server is drawing power from power cord,
its energy efficiency is less critical than those devices that are
powered by battery. We first measure the power consumption
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on smartphone. As shown in Figure 7, the power consumed by
a smartphone is varying continuously, as different operations
are executed to accomplish application functionalities. Based
on the figure, the peak power is 1.08 W, and the average power
is 0.989 W. Most of the power is consumed by LCD. The Wifi
power consumption is constantly 0.038 W, as there are only
a few packets to be transmitted and the Wifi works in low
power state. Note that when the program is not running, the
power consumption is zero as shown in the beginning and
ending of the curve in figure. Overall, the power requirement
of PhoneCon system on a smartphone is acceptably small.
As shown in Figure 8,we also measured the power consumption of each application running on wireless sensor nodes,
which include blinking, sensing, reading temperature, sensing
light strength, getting acceleration value, getting magnetic
value, broadcasting, getting CPU utilization, and getting the
value of a variable. As different applications trigger different
hardware components to work, the power curves of those
applications are in different shapes. In general, the peak power
of all applications is 0.102 W, which is acceptable on motes.
C. Overall System Performance
In this section, we report the results of a comprehensive
set of experiments we carried out on the PhoneCon system.
First, we study the impact of distance between nodes on the
delays experienced by the user and the packet drop ratio. In
this experiment, we change the distance between the base mote
and the worker mote, and transmit the command “make green
light blink three times” for 100 times repeatedly. The collected
delay and packet drop ratios are as shown in Figures 9 and 10.
The system delay represents the time consumed by the
smartphone to get a reply from the server. The server delay,
on the other hand, represents the time consumed for a server
to get a reply from the mote. With the distance between motes
changes, the system delay and server delay stay relatively
stable. This indicates that the link quality between motes has
little effect on delay. In contrast, with the distance increases,
the packet drop ratio increases from 0% to 5%. This is
predictable as longer distances also imply weaker links.
To understand where the delay comes from, we calculate the
distribution of delay when the distance of motes is fixed as
1 meter in the following experiment. As shown in Figure 11,
the system delay is composed of six parts: Wifi connection,
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0.51

1.01

1.51 2.01
Time (S)

2.51

3.01

Fig. 8. The measured power consumption of
PhoneCon component on wireless sensor mote

sending command, getting reply, serial port communication
on the server, network delay of wireless sensor network, and
random noise. Those six parts takes 23.40%, 22.64%, 39.04%,
1.50%, 13.17%, and 0.25% of the total time, respectively.
It takes longer to get the reply than to send the command,
because the reply message ”node two complete” is longer than
command (which is condensed into a few bytes).
Then we fix the distance between motes to be 1 meter, but
run applications in places with different Wifi signal strength.
We count the number of connection failures between the
smartphone and the server as shown in Figure 12. We take 1
grid signal strength of Wifi as weak, 2 to 3 grids as medium,
and 4 grids (full) as strong. We can see that, when the signal
is weak, we got the most number of connection failures. This
is reasonable, as the signal strength is not stable, and the
probability to lose connection on weak signals is higher. On
the other hand, as shown in Figure 13, although the Wifi signal
has no affect on server delay, it has a significant impact on
system delay.
Finally, we fix the Wifi signal strength and the distance
between motes, but run different applications. The response
delays for both the whole system and the server side are
measured. The results are shown in Figure 14. Observe that
the time consumed for transmitting packets through network
is relatively stable. On the other hand, the system response
delay is mostly caused by running applications on motes.
VI. C ONCLUSION
Although wireless sensor networks have been widely used in
a large variety of applications, their requirements on computer
background for users have prevented them from being easily
adopted and deployed by the mass audience. As an initial
step towards the solution for this problem, we have developed
PhoneCon (Voice-driven SmartPhone Controllable Wireless
Sensor Networks), which allows users to speak natural language to the smartphone to perform administration tasks. The
system evaluation shows that our natural language processing
algorithm has an accuracy of 95.3% on mapping the user
inputs to actionable commands. We also find that the Wifi
signal strength considerably affects the delay and success rate
of establishing network connections. On the other hand, the
distance between motes only slightly affects packet reception
ratio.
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