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ABSTRACT

In this paper we address three challenges thaprasent
when building and analyzing wireless sensor netsork
(WSN) as part of ubiquitous computing environmehe
need for an in-situ user interface, a data logged a
power consumption meter. Solutions for the aboveeha
been presented using laptops, personal digitalstasss
(PDA), onboard flash memory chips of limited size
(usually 1MB), and laboratory test equipment. Alltbem
have a good utility for the right applications. Hower,
considering a certain variety of WSNs, where sbadfery
life, and cost are crucial, none of the above suhst is
satisfactory. In this paper we present a compact,
lightweight, low power, and low cost multimodal sen
module SeeMotethat meets the stated challenges, and is
compatible with the popular MICAz mote. Our modbkes
the following components: (1) a graphical user rifatee
component that combines a color liquid crystal k@igp
(LCD) and 5-way buttons, (2) a power meter compbnen
that is reconfigurable for attaching various lowago
devices, and (3) a data logger component thattésfacted

to a removable secure digital (SD) or multimediammagy
card (MMC). The module dimensions are 34x58x12mm.
This paper describes the hardware and softwargmesid
experiences while developing and using the devide
device is evaluated by comparing its parameters and
functionality to laptop and PDA solutions. We carug
that SeeMoteis preferred for certain WSNs, such as very
large scale, difficult to reach, and wearable WSNs. also
present several applications that use the LCD napduich

as the portable frequency spectrum analyzer andhteem
sensory data display device.

1. INTRODUCTION

In the ubiquitous computing world, where computing
devices are seamlessly integrated with the enviesmipa
wireless sensor network is a natural tool for namiilg the
environment and reporting the essential data aedtevas
per the application. The primary functions of theeless
sensor network (WSN) are the collection, processamgl
delivery of sensory data. Usually the data is de#d to the
main processing station or a database. Howevere e
scenarios when the user needs to see the dataod@ag@r
debug the wireless sensor network while being énfigld.

These scenarios demand a mobile device with imredia
visual feedback to the user.

Often a sensor network can be observed in the fielda
laptop computer or a personal digital assistantAPtbat is
connected to the network through a gateway device.
However, laptops and PDAs have a limited power upp
when mobile. This is due to the power hungry fesgisuch

as high performance processing and displays. Treglao
rather big and costly for many types of WSN in whic
using a laptop or a PDA would be too inconvenient o
expensive. Let us consider a few such networks:

Large Scale WSN: Consider a large number of sensor
nodes spread over a large area, perhaps, a mountain
One such WSN was deployed on a volcano and
required several hours of hiking to reach and move
across the deployment site [1]. This requires
lightweight tools and long battery life.

Difficult to reach WSN: Consider a network deployed

in an area that is difficult to reach or traversaech as
forest or jungle. For example, there is a WSN dggadio

on a redwood tree [2]. Bringing a laptop for diagho
purposes to the top of the tree would impair the
navigation capabilities of the person. The size tad
weight of the equipment is an issue.

Industrial  WSN: Consider a large industrial
environment with many sensor nodes deployed over a
large area. Some of the nodes are display deJizgs t
function as diagnostic hubs by presenting inforomati
about the sub-cluster of the network. They log data
locally thus minimizing the communication overhead
and power expenditure by the network as a whole. Th
administrator checks the network on site, and, ggesh
collects the removable storage cards with the ldgge
measurements. By having several such nodes deployed
requires them to be low cost.

Wearable WSN: Consider a wearable body network
that monitors vital signs of a patient [3] or a ltea
person hiking at high altitude while monitoring the
oxygen level in blood, heart rate, and other \gighs.
Such applications need a user interface module that
presents the current readings or generates anialert
case of emergency. But such a module can not be
heavy and bulky, because it has to be unobtrusive t
the wearer and to the surrounding environment. Long
operation time is also an important requirement.



These systems need a user interface device that is

lightweight, compact, has long operation time, #&dtbw
cost. Similarly, large amounts of data may needbéo
logged in the field because transmitting them otrex
network may take too much time and bandwidth, tost
much power, or is simply impossible because theraida
network is temporarily isolated from outside cortigats.
In addition, if such a network needs to be debugged
evaluated from the perspective of power consumptibn

might be too cumbersome to bring the conventional

electronics test tools to the field because ofrthizie, cost,
and the question of powering them while they arehia
field. However, the importance of performing
measurements after the network is deployed shooida
disregarded because of the many factors that amk tha

account for in the laboratory settings. For example

communication patterns over larger distances armlg
the environment with natural obstacles may reghigher
radio power or result in higher error rates andsthequire

retransmission. Temperature variations may charfge t multimodal

power consumption of the electronics and voltagelteof
the batteries. Therefore a compact,
measurement device is a valuable tool for measurenie
the field.

We propose a solution call&@keMotdhat addresses all of
the concerns mentioned abov®eeMoteis a low-power,

low cost sensor module for MICAz motes. It provides
graphical user interface, data logging capabilitiasd a

power consumption measurement feature.

Designs of motes that have a user interface capedbil
have been presented before. For example, the Plote as
part of the CodeBlue project at Harvard providegutn
from a user and has limited feedback through @fSeEDs

[4]. Other designs have a LCD screen that is bailthe

sensor node [5]. Our module differs from these glesiin

the following ways:

the

power devices. Thus, the module can diagnose power
consumption on the LCD screen and log it in the
removable storage.

Figure 1. SeeMote - Multimodal Sensor M odule

The rest of the paper is organized as follows: tFinge
discuss the hardware and the software componentiseof
module. The subsequent section presents
applications that are enabled by the SeeMote module

portable powerfollowed by comparison of the SeeMote and the smhst

involving laptops and PDAs. We conclude the papith w
the discussion about the potential contributions tloé
module to wireless sensor networks.

2. HARDWARE

The SeeMote multifunction module was desighed ases
interface node for sensor networks. It has a liqurigstal
display (LCD) for information output and five way
navigation buttons for user input. The module diss a
removable memory storage interface that is comifeatib
with the popular SD and MMC cards. Finally, it has
sensor module that is capable of power consumption
measurements for external low-power devices, sugh a
other WSN nodes (Figure 2). All these devices are
interfaced to the Mica mote via the standard 51imis

« Compatible design: the module is designed as an Cconnector. The data is transferred between the ematehe
attachable sensor-board for the popular MICAz and components using 12C, SPI, and custom data bu¥¥es.
Mica2 motes [6] made by Crossbow Technology Inc discuss the components in the following subsections
(Figure 1).

*  Multicolor graphical user interface: the module has

a multicolor LCD screen and five-way input buttohs. LCD LEDs ||Powen| MMC / SD
can use built-in video memory as a shared resdorce Buttons| | Meter|| Interface
the user interface or for temporary data storagéhby ) o
application as necessary. g S §, 1) o S S

* Removable storage: The module provides interface slZ2l¥l | g 8 €
for the popularsecure digital (SD) and multi media SISISl 81 £8 88
(MMC) data storage cards. The removable storage

media enables customizing the memory size according
to the application and as an alternative way tosjpart
the stored data between the mote and the data |
processing computer.

*  Power-meter functionality: the module is capable of
measuring electric power consumption by monitoring
electric current and supply voltage for external lo

Power and bus management

51-pin connector |

MICAz mote

Figure2: MICAz and Multimodal Sensor M odule
components



2.1. LCD Screen

The display component of the multimodal module tioalse
able to present information to the WSN user in gible
form at reduced size and reduced power consumpdit.
decided to use a color LCD display of size that ldou
present a reasonable resolution and would fit éosike of
MICAz mote. We found that the LTMO18A600 LCD
module fits the requirements. The LCD featuresiicBes

by the diagonal, has 128x160 pixels, and is 65Korcol
capable [7]. The module has integrated 46KB video
memory (RAM). The module is powered by 1.8-3V asd i
accessed by a 16 bit data bus and 4 control sighgtscal
current at 3V according to the datasheet is 10Q:&1for

the digital power supply, 200-408 for the LCD drive,
and 15mA for the backlight when it is enabled. Ti&D
controller has two stand-by power modes that resluce
power consumption, and therefore, constitutes adgoo
choice for the low-power application.

The LED backlight integrated in the LCD requires a
constant current power supply. Therefore, the L1193
charge pump is added to our design. It deliversASorthe
backlight at the typical conversion efficiency of%8 and
can be enabled or disabled by the software apjaitat
When testing MICAz without the module, the current
consumption was 30-35mA at 3V power supply. After
attaching the LCD module with the backlight on therent
increased to 110mA. The backlight charge pump & th
major power consumer; therefore we attempted tetdihe
current consumption by decreasing the backlight
brightness. This is done by changing the sensstoesised

The communication to the LCD module is implemented
using GPIO pins available on the 51-pin connecfothe
MICAz compatible motes. We use 8 PW and 8 ADC lines
to deliver 16-bit data to the LCD. In addition weeufour
more GPIO lines forchip-select write, read and reset
signals of the LCD module. The LCD and backlightveo
are managed over 12C bus by ADG715 switch chip. The
same chip also multiplexes two of the ADC bus lines
between the LCD and the power-meter module. Thiéceh
was made due to the limited number of GPIO pinsigiexl

by MICAz interface and to implement the 16 bit L@Bta
bus efficiently.

2.2. User Input

The user interacts with the mote using a five way
navigation interface, which is implemented as & fautton
module. The user can choose any of the four doecti
buttons and also press the select button, thusliegab
efficient navigation through the user interfaceserged by
the software. Two of the buttons are designed teegae
hardware interrupts, which enables the user togbtire
device out of the sleep state by pressing the buatitml thus

to achieve a more efficient power management. The
number of interrupt-capable buttons is limited by(O¥z,
which has only four interrupt lines available am$arves
one of them for the radio chip interface, while teo is
reserved for the SD card interrupt. Adding a keyboa
controller that allows interrupt sharing among ail the
buttons would incur additional complexity, costsddikely
increase power consumption by the module.

by the charge pump [8]. Eventually the resistor was In addition to the buttons the user interface meduhs
changed from 6 to 27 Ohms resulting to 60mA current three color LEDs that operate in two ways: theyntigp

consumption by the whole system at reduced badkligh
brightness. The display was still readable in dgtli while
the power consumption was cut almost in half.

The application has control over the digital and kiquid
crystal drive power supplies of the module. Thug th
application can preserve and access the video RAlew
powering down the LCD drive and backlight circuits
order to minimize the power consumption. In thisdedhe
memory data is accessible, i.e. the image candpaginted
on the LCD or the video RAM can be used as temporar
data storage.

The LCD module is controlled by the integrated Hima
HX8302A and HX8609A chipset, which allows per-pixel
access to the display. It has capabilities of dedntwo
independent display windows and provides a lidbgical
graphical operations, such asplace and or, and xor,
allowing for advanced graphical operations if desif9].
The character generation for text output is noedlly
supported; therefore our software driver for the DLC
module provides font generation and text outputtioms.

whenever the user presses a button or when adiyate
software providing feedback to the user as defimgdhe
application. Thus, when simple communication isdeek
the application communicates to the user by LEDdewh
the LCD is in sleep mode.

2.3. Removable Storage

Initially, we planned to use SD memory cards for
removable storage because these are used for Idigita
cameras, PDAs, MP3 players, and other portable
electronics items and, therefore, very popular waidkely
available. Many computers have a SD card interfatéch
provides seamless WSN data sharing and transporigh
portable storage. However, it was found that usBig
protocol requires a license which can increasectsts of
development significantly [10]. However, lookingrtier,

we found that most SD cards are required to be atibip
with the older MMC interface standard [11], whichdpen

for public use to the best of our knowledge. Thus,
decided to provide hardware interface that is cdibjea
with SD and MMC cards allowing both communications
protocols, as decided by the application prograrsmBy
providing the interface to these devices our moeuigbles



up to 4GB removable storage for the MICAz based WSN
nodes.

The interface to the storage card is implementadhe SPI
bus. The low level interface is very similar to thkCAz

onboard flash memory chip interface, with which bhs is
shared. The only difference is a dedicated chipesgbin
used to address the SD card. In addition, the meneturn
the power on and off for the SD card and thus smergy
or reset the card as appropriate.

2.4. Power-Meter

The task of the power meter module is to measuee th
energy consumed over time by an external devicé iBh
accomplished by placing a small resistor in senghk the
power line of the device being tested and sampthng
voltage drop, which is proportional to the curréiowing
through this resistor. The LT1787 high-side currsaihse
amplifier is a good choice for sampling and amjptifythe
voltage drop due to its low-power characteristiosd a
capability of handling the current in both directso
essentially allowing monitoring current in devidasvhich
the current may change the direction, such as ye&ems
with the rechargeable batteries. Voltage is measune
addition to the current to provide accurate cakiateof the
consumed energy.

the integrated LCD controller specifications. Theitng of
the signals was obtained using TOSH_uwait() fumctio
present in the TinyOS library. After implementinbet
protocol we verified the timing with an oscillosapnd
found out that some of the TOSH_uwait() calls can b
removed without violating the LCD controller intace
specifications and thus the data exchange speeshised.

3.1. Low Leve Interface Support

The next task in the interface hierarchy was taterdow
level support procedures in the context of the DSy
component interface, such as the LCD controllerp chi
initialization command that sets the internal vo#ts, color
gamma values, video RAM and graphics modes and
awakens the LCD to the fully operational state. édth
procedures of the driver interface are for entedngxiting
sleep and standby modes as well as managing ttkéidiac
charge pump (Table 1). These procedures are usedeby
upper interface layer commands and simplify the LCD
access routines for the developer considerably.

In addition we created several higher level comptsiga)
Mode switch that controls the power supply lines ttee
individual sub-components of the SeeMote module and
switches the data bus between the LCD and the power
meter, (b) LCD driver that powers up and initiatizthe
LCD module registers and provides a convenientfate

The connector on the power meter board provides theto the LCD module, such as managing the LCD power,

power to the test device either from the same suaplthe
power meter or from an external source connectetthéo
same connector. The latter option is preferrecibse then
the power source is isolated from the measuringe reottl
thus enables more accurate measurements.

The precision and rate of the measurements aréetintiy

the ADC operation of the ATMegal28 controller prase
MICAz mote. The ATMegal28 chip has 10-bit ADC aad i
capable of delivering up to 384 measurements pesnsk
(13 cycles of up to 200kHz per each measuremei2f) [1
This, however, does not include the software owathe
which depends on the processing and delivery of the

measurements. For example, the power can be measure

and logged to the removable storage, immediatedyed
on the screen, or transmitted wirelessly, all ofowhadd a
delay before the next measurement.

3. SOFTWARE SUPPORT

In order to support the hardware we developed avaoé
driver in NesC for TinyOS that takes care of inization,
operation, and power management of the LCD modiie.
driver is primarily based on components alreadyuithed
with TinyOS, such as 12C and SPI bus interfacetierlow
level communication with the power management devic
However, the LCD 16-bit data interface required
implementation of a custom communications protdabat
observes the timing of the control and data sigaalper

selecting color, and printing text and geometrigngives
on the screen, and (c) an input driver that wakeshe
mote and monitors the input button actions.

Low Leve
comrand
conmmand

result_t reset();
result_t power Setup();
command result_t chipSetup();
command result_t wite(uintl16_t idx,
uint16_t data);
command result_t witeG an(
LcdCol or _t* data, uintl6_t len);
command result_t witeGamAt (uint16_t idx,
LcdCol or _t* data, uintl6_t |en);
command result_t read(uint16_t idx,
uint16_t data);

Power M anagement

command result_t powerOn();
command result_t powerOff();
command result_t displayOn();
command result_t displayOf();
command result_t backlightOn();
command result_t backlightOf();
command result_t sleep();
command result_t sl eepWakeUp();
command result_t standBy();

command result_t standByWakeUp();
Table 1: SeeMotedriver low level API




3.2. User Interface

The driver API is listed in the Table 2. The LCDwer
supports the following groups of functions: (a) mres
modes, such as setting the color, (b) drawing dcaph
primitives such as pixels, lines, rectangles, altetifboxes,
(c) text output such as a character, a string,aanthteger
in decimal or hexadecimal formats, and (d) supfmrtser
interface elements such as menus.

Graphics Output

. uint16_t RGB16(red, green, blue);

. command uint16_t setColor( uintl6_t c );

. command uint16_t setBgColor( uintl6_t c );

. command voi d cl ear(LcdCol or_t color);

command void pixel ( uint8_t x, uint8_t y);

. command void line( uint8_t x1, uint8_t yil,
uint8 .t x2, uint8_t y2);

. command void rect( uint8_t x, uint8_t vy,
uint8_t w, uint8_t h);

. command void box ( uint8_t x, uint8_t vy,
uint8_t w, uint8_t h);

Text Output

. command voi d gotoXY(uint8_t x, uint8_t y);

. command void nl ();

. command void chr( char ch );

. command void print( char *textPtr );

. command void printInt8( int8_t val );

. command void printintl6( intl16_t val );

. command void printInt32( int32_t val );

. command voi d printHex8( uint8_t val );

. command voi d printHex16( uint16_t val );

. command voi d printHex32( uint32_t val );

User Interface

. command uint8_t menu( uint8_t numltemns,
char** | abels );

Table2: SeeMotedriver high level API

The driver and a small test application take upual@B

of the program memory and 2.5KB of the random acces
memory (RAM). The cache memory is primarily used fo
generating the graphical text representation prior
copying it to the screen. The footprint in RAM iostly
due to the cache memory and could be reduced by &KB
the expense of the text drawing speed.

3.3. Extended Functionality

Currently, we are working on extended functionabtych
as displaying a bitmap and a screen capture. Hawéwe
screen capture functionality is limited by the RAlize of
the MICAz mote. The screen data has to be tramesferr
directly from the video RAM to the radio packet pgcket,
while inhibiting any output to the screen until ttegpture is
done. Applying data compression techniques on the f
may reduce the traffic somewhat. However, the fiyidor
the screen capture functionality is low becauséheflack

of applications. Most likely it will be used for miaring
screen images for the software documentation. Adgoo
digital camera could do the same.

More interesting functionality is to design a prabfor a
remote display unit to which other WSN nodes cameat
over a wireless link and display graphical primésvor text.
This functionality is essential for remote debuggin

4. APPLICATIONS

In this section we present several applicationsekbgped at
our lab and discuss other potential uses of th&18&e

4.1. Pocket Frequency Analyzer

The current MICAz and Telos motes adopt the CC2420
radio, which conforms to the IEEE 802.15.4 standaAj.
This radio transceiver works on the 2.4 GHz ISMdand

is using 16 channels, 5-MHz wide each [14]. Witle th
growing deployment of wireless sensor networks,iorad
interference exists both within a network and betwe
neighboring networks. The radio communication also
suffers interference from other electronic devicegsh as
wireless keyboards and mice, wireless remote cleitso
cell phones and even microwave ovens.

All these devices add to the difficulty to test adebug
wireless communication protocols, since it is hardbcate
the source of noise. Plus, sensor devices withhome-
care network should avoiding frequencies that can b
interfered by the microwave oven in the kitchen.
Otherwise, the sensor network may perform inteemtty,
working correctly only when the microwave is turraé

A frequency analyzer is a perfect tool for resajvimese
problems. It can monitor the interference signaivgo
level, generated by existing electronic devices getivbr
they are sensor devices or not, within the deployme
environment. When the background noise levels withe
16 channels are collected, the newly introducedcgswan
be configured to use the channels that are th¢ ddfested
by the interference. Since a commercial frequemajyaer
is rather large in size, power hungry, and expensia
pocket frequency analyzer with the presented LCRut®
is a much better choice.

Figure 3: Frequency Analyzer display in different
environments



Figure 3 shows three screenshots of the frequenalyzer
application running in different environments. Tdtieplay
indicates sixteen bars that represent the runtihsnmel
loads of the respective channels in the 2.4 GHzdban
measured in dBm. Figure 3 (a) plots the power lewetn
there is no significant radio interference preséie can
see that the power level readings of all channedssmall,
close to -100dBm, showing that the channels are. idl
When an existing sensor network, working on charrel
is turned on, Figure 3 (b) demonstrates that theepdevel
reading in channel 11 increases. Also, the neighfor
channel, channel 12, is affected. Figure 3 (ckitates the
case when the microwave oven in the kitchen isetiron.

It is shown that channels 21 to 24 are greatlycédfi by
the microwave radiation and should be avoided basey
by any home-care sensor networks.

4.2. In-Situ/Remote Sensory Data Display

The LCD module enabled nodes are capable of imneedia
sensory data display while in the field. We created
application RfmTolLcd that is similar to the apptioa
RfmToLeds included with the TinyOS distribution. 1Ou
application receives data over the radio and gloésn on
the LCD screen. Figure 4 shows the applicationtiplptan

ECG diagram that has been transmitted from a remote

node. Virtually any sensory data can be plottedthwy
application.

M RadioFM to
Last values
Count.:

CD oA
15
147a

ol

Figure 4. Remote sensoy da display

In addition, the application has been a valuableudging
tool. It is a challenge to pin down errors in tliegram that

is running on a mote with no visual feedback. Often
programmers use the three LEDs built in the traddl
motes such as MicaZ or Telos Sky to display theatds
values or current ADC readings on a remote node.
However, it is difficult to monitor the actual dati@at can
assume more than 8 states. The LCD mote can sho
detailed

remote node connected to the LCD mote over a Riemal
link, if the application requires the use of anoteensor

information on the screen. The code to be
debugged can be run on the LCD node itself, or on a

board. The programmer can easily move between the
deployed nodes and query them to find weather the
distributed system is functioning properly.

4.3. Other Applications

The value of the multimodal user interface modW€m
mote) is the symbiosis of the components that, used
combination, enable a variety of applications acused
below (Figure 5).

In-the-field...

Data
logger
device

Power
monitor,

Electric p
current

reader

Interactive User
Interface
device

Figure 5. Application space for the LCD, Power M eter
(PM) and SD/MM C card logger (SD)

The LCD display and the user navigation buttonsbkna
applications such as monitoring and configuratidrntha
WSN as the user moves through the area where theike
is deployed, i.e. in the field. Consider an envin@mtal
scientist who is in the middle of the WSN that éphbyed
in the forest. The scientist may need to observe or
recalibrate the sensors as he sees fit while olngpithe
surrounding environment. He may query the closesten
for the sensory readings, or ask for the ambienptrature
to a group of nodes. He may also store the quesyltse
directly to the removable storage card and analyeedata
using a more powerful computing platform later.

In another application the person responsible foe t
maintenance of the WSN may approach and test thd WS
nodes that appear faulty. The nodes may indeecudgy f

or just have their power supply depleted and tloeeef
unable to communicate over larger distances. Th® LC
screen can show the radio communications poweheas t
user moves through the field, and map the radioltayy,
which is not uniform in realistic situations [1%h addition,
the user can debug the network while in the field b
monitoring the wireless sensor network traffic and

\Aperformance statistics.

Yet another application is mounting a mote with @D
module on customized glasses and delivering thegéma
from the LCD to the user’'s eye optically througtheam



splitter. This enables the user to request referenc Power consumption for laptops is even higher [THis
information in his or her field of vision withoutiwrting illustrates that the SeeMote module is a good ehéic a
his line of view and without impairing his mobilityror power-conscious user.

example, a surgeon may request the patient’s kisegort

or an x-ray while performing the surgery. Alternaty, an Power (with Resolu | Weigth | Approx.

electronics engineer may request a datasheet dii@ ¢ backlight, mW): | -tion ba;’tvé‘r’m price

while he is testing a circuit on his or her workblen Low | High | (pixels) (@ (USD)
- MICAz 90-100 NA ~18 125

The power-meter capability of the LCD mote enalites MICAz+ | 180 330 | 128x| —~40 170

user to measure the actual power consumption @frmeit SeeMote 160

devices. This can be done on both a local and ykitzde. iPA 1720 | 2800 240 ~190 300

On the local scale a single WSN node is instruntemti¢h pDE 320 X

the LCD mote and observed for its power consumption Laptop 6000 | 14000 1024% 1000- 500-

characteristics. Suppose a researcher desiresfite phe 768 3000 2000

power requirements for an algorithm. He can sthd t
power measurements at the beginning of the algoritnd
then stop after the algorithm is finished. The powmeter
logs the power profile. Thus, different algorithrcan be
evaluated with respect to their power consumptidis is
also possible on a global scale, by instrumentiggoaip of
network nodes with the power-meter nodes. The
measurements are logged on the removable memadg.car
Thus, the power-meter motes do not need to useatlie
communications during the experiment and will navén
impact on the experiment results. Also, by using th
removable storage the system is not limited tokthit-in
1MB flash memory chip, as the current SD memorygsar
are capable of storing gigabytes of information.

Table 3: User interface node comparison. MICAzis
running In-Situ/Sensory Data Display application under
TinyOSwith theradio reception enabled.

It is easy to notice that the SeeMote is also niigttier in
weight and smaller in dimensions than a PDA. Warede
that the SeeMote could be manufactured for appratdin
45 USD at large quantities, the LCD screen with the
integrated controller being the most expensive. daven
together with the MICAz mote the cost is less thaPDA.
The only category where the SeeMote is losing tA®D
and laptops is the screen resolution, although tat that
far from the PDAs. However, considering the sizethe
SeeMote and our experience with the applicatiohs, t
resolution is quite sufficient for displaying the to date

5. COMPARISON information of interest.

One might argue that many of the applications dised
above and most of the functionality provided by the 6. CONCLUSIONS

SeeMote are alr_ea_dy engbled by using a laptop RDA. We have designed a SeeMote sensor module thatdeovi
In many cases it is true; however one must condider . : ) X .
a graphical in-the-field interface for wireless sen

drawbacks of these solutions: the power consumpaion networks. The module is fullv imolemented as a SEns
such devices is much higher. A laptop runs for adow 6 ' y 1mp T
hours before its batteries are depleted, whichésprice of board for MICAz motes. The sensor module size is
: . . 34x58x12mm. When attached to the MICAz mote the
the higher performance. It is also easier to carsynall and SeeM ; he height by 10 hil
light wearable mote than a relatively big and bugtop. SeeMote increases the height by mm - while - not
increasing the length or the width. It has a cdl@D

A PDA, although smaller and less power hungry than . ) L .

. ; . ) M display and five way navigation buttons for usdeiface.
laptop, is still heavier than a mote with the SeéMo The module has a MMC and SD memory card interface
attached and has a limited time of operation du¢he that allows for removable storage. Finall t)rlle omlechas a
higher computational power it provides. In eithase there ge. Y,

power meter component that samples external power

is also a need for a wireless gateway device betwee suoblv current and voltage. thus enabling the power
laptop or PDA and the WSN, which incurs additional pply cu o g¢, ng p
consumption monitoring for an external device.

weight, power consumption, and cost.

The SeeMote module enables a set of applicatiand/eN
diagnostics, configuration, and debugging, for eplema
Pocket Frequency Analyzer, an In-Situ/Remote Sensor
Data Display. The SeeMote in concert with such
applications is better used for certain types ofidaarea,
hard to reach, and wearable WSN, where use ofpapad
PDAs is prohibitively inconvenient or expensive.

The LCD module, however, is a small, self-contained
device that provides sufficient functionality fonet user
interface and naturally interfaces with the hostenda the
standard 51-pin connector. The power consumptiothef
LCD module running the remote sensory data display
application with the display on is 60mA to 110mA3tl
depending on the backlight intensity, which tratedato
180mW to 330mW (Table 3). An iPaq PDA running
Microsoft Windows CE operating system consumesW.72
to 2.8W depending on the backlight brightness I§¢6].

For the future we are considering several direstiorhe
sample rate of the Atmegal28 ADC is rather lowffoe



grain power measurements. Therefore, we are camgjde [7]
designing a power meter with external high-speedCAD
Another direction is to create a fully functionalnmture
network node with a microcontroller included oniagte

board. Such module would be able to interface i

host mote, while unaffecting the processing and 1/O [8]
resources of the host mote. It would provide mareqyful
debugging features, for example, debugging a mdatte av
sensor board attached, and also displaying sertsiayor [9]
incoming wireless traffic at higher rates.
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