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Abstract— The paper presents a development of the multi
sensor embedded system for measuring up to eight nser
parameters optimized by appropriate algorithms. Site most
of the industrial applications use the analog sens® with
transmitters for sensing the process parameters pécularly in
harsh environment because of their strong mechanita
packaging and ruggedness. Then the benefits of digi
technology in the vast world of analog sensors catbe
implemented by development of appropriate multi sesor
embedded system. The developed system has most bkt
features of smart sensing and communicating to othe
embedded/Host PC through a wireless interface. The
developed prototype system has been tested with RTD
temperature sensors for temperature measurement ovea
wireless connectivity for various distances. From m
application point of view, a mobile robotic platform is
developed to test the multi-sensor embedded systeor Agro-
Industrial Applications. Further, the average lossin signal is
measured and received power is calculated and coneal.
Finally, the effect of obstacles at indoor and outdor range for
wireless transmission has been presented. It is sdrved that
for better transmission of signals via wireless comunication,
the low frequency along with low baud rate and lineof sight
range is required to minimize the signal loss.

Keywords- Embedded System; Sensors and Actuators; Wireless
Mobile Robots; Zighee Wireless Connectivity

. INTRODUCTION

information and communication technologies leadiiog
higher yields and lower costs in the running ofytascale
commercial agricultural fields. Further, the embedid
sensing technologies allow the identification oftgein the
crops, increased moisture or drought at a real-fimerval

with automated actuation devices to control iriigat

fertigation and pest control in order to offset thdverse
conditions. The Precision farming system incorpesat a)

Sensing agricultural parameters b) Identificatidrs@nsing

location and data gathering c) Transferring datenficrop

field to control station for decision making andAttuation

and Control decision based on sensed data.

Over the last few years, the advancement in sensing
embedded technology and wireless communication
technologies has significantly brought down thetcof
deployment and running of a feasible precision cadtire
framework. Emerging wireless technologies with lpawer
needs and low data rate capabilities, which pdyfextites
precision agriculture, have been developed [2,
Agricultural Sensors, positioning systems for ditgc
location of sensors, actuators like sprinklersgferg, valve-
controlled irrigation system, etc. are also repbrie the
literature. However, very limited work has been el@o far
on the wireless multi-sensing system to be usetlatusfer
sensor data wirelessly from crop field to the reencentral
PC.

In this paper development of a low cost multi senso
system for sensing eight input analog sensors alwitly

3],

A "smart sensor’ is a transducer (or actuator) thafeconfigurable automation, and communicating withsth

provides functions beyond what is necessary to rgémea
correct representation of a sensed or controlleshtify. The
"smart sensor" functionality will typically simpjif the
integration of the transducer into applicationginetworked
environment [1]. Embedded with a microcontrolleritua
smart sensor has much more built in intelligenceroa

(wired and wireless) is presented. The proposeattsmulti
sensor system is an attempt to develop a geneatfoph
with  ‘plug-and-play’ capability to support hardware
interface, communication, needs of multiple sensard
actuators. The system has been implemented usingvau
developed eight potentiometer based kit and testid

traditional sensor. So, it can perform more powerfu esistance temperature detector (RTD) sensorseiosing,

functions such as self-identification, self-caltia,
converting the raw sensor signal into a digitahfar Multi

decision-making and their control in order to realtiwe false
alarms and unwanted process shut downs. The data se

sensor systems are now used in many applicatioasare sing wireless communication makes system efficient

including environment and habitat monitoring, hecdtre,
home automation, and traffic control especiallyagro and

effective and intelligent decisions based on preedsdata
that is accurate and analyzed. Wireless communitdias

food applications like Reverse Osmosis (RO) planiis own advantages like Ease of installation; ntkyouables

automation, fish pond management systems, envirotahe
monitoring, precision agriculture, machine and pss
control, building and facility automation. Wirelesmsed
Smart sensor module has drawn attention of thesingon
account of low cost, low power consumption, flekij and
use in remote areas.

are needed and simplify design of systems. Inpghjser, we
introduce the new smart sensor device with proogsand
communication as well as various sensing abilities
industrial and agro — based monitoring applications
Further, considering the potential applicationto$ field,
the present extended work details on the developrogén

Precision farming is the conjunction of a newjreless mobile robotic platform for farm sensirgy dlso
management perspective with the new and emerging

2010, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



International Journal on Advances in Networks and Services, vol 3 no 1 & 2, year 2010, http://www.iariajournals.org/networks_and_services/

Article part of a special issue on Wireless Sensor Networks

the data wirelessly to a PC through an infrareé dlak [9,

presented [4]. The organization of this paper idodlsws.
Section 2 covers related work on wireless commiioica

10, 11].

based smart sensors related to agro, food and other In precision agriculture, the most important stepthe

applications. Section 3 gives the system descriptiginally,
Section 4 covers experimental
implementation and Section 5 includes conclusiahfature
work.

. RELATED WORK

generation of maps of the soil with its charactess These

results of the currenincluded grid soil sampling, yield monitoring andop
RS (remote sensing) coupled with GPS,
coordinates and produce accurate maps and modetse of

scouting.

agricultural fields. The sampling was typically dhgh
electronic sensors such as soil probes and renmtieab

There are many projects undertaken and many résemarc scanners from satellites. The collection of suctada the
proposed the development of smart sensors and thdRrm of electronic computer databases gave birtéoGIS.
networking. The design and implementation of homeStatistical analyses were then conducted on the aled the

network based on smart sensor devices focuses @n
development of system for home purposes wherenitbea
implemented for door lock system, gas detectingesys
controls TV, refrigerator, and outlets, and applyiRFID
into home networks [5]. The development of smartsees
for pollutant gas detection like CO and LPG whe@@ gas
detector is developed and controlled by smart setosgive
alarm if gas generation is above the set limit asdd in
home, institutions and industries [6, 7]. The Maied Smart

tMariability of agricultural land with respect tesiproperties

was charted. The technologies used are expenskee
satellite sensing and was labor intensive where niaps
charting the agricultural fields were mostly mahuaone.
Blackmore et al., in 1994 [12] reported a comprehen
system designed to optimize agricultural production
carefully tailoring soil and crop management torespond
to the unique condition found in each field whilaintaining
environmental quality. Further, only large farmsildoafford

the high initial investment in the form of election

micro-sensors, with emphasis on the developmesen$ors equipment for sensing and communicating. The telcigines

and an embedded operating system, Tiny OS . Rgcéimd  proposed at this point comprised of three aspégyfemote
wireless sensor networking is used for life scienceSensing (RS), (b) Geosynchronous Positioning System
automation where they propose a wireless sensevorlet  (GPS) and (c) Geographical Information System (GIS)
(WSN) especially dedicated to the field of lifeieswe The system we have developed is useful becauseusari
automation (LSA), which can be used for multiplegmses ~ physical parameters can be sensed and manuallyotedt

[8]. This area provides a bulk of process and emvirental On automatic false detection, as well as eightrpaters can
parameters, which have to be controlled. PasseDamter ~be manage precisely via single micro controllendfig the
developed a portable, mobile instrument to measurBetter location and minimum loss in signal for Jess
temperature, relative humidity, noise, brightnesed a communication to device, makes the system more
ammonia content in the air within the house andsfierred ~ challenging and applicable [13].

Dust project at UC, Berkeley focused on creating-tmst
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Figure 1. General Architecture of developed system.

2010, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



International Journal on Advances in Networks and Services, vol 3 no 1 & 2, year 2010, http://www.iariajournals.org/networks_and_services/
Article part of a special issue on Wireless Sensor Networks

10

Hl.  SYSTEM DESCRIPTION pressed, it escapes from set point routine andijt.oally
) ) ) o compares set point and parameter value to givemalar
The generic architecture of system is shown inredli It jndication if sensor parameter value is greaten thet point
consists of eight sensors with transmitters. To enthe  yalues and parameter value can be adjusted, ifedeed

system more compact MICROCHIP'’s 8 bit PIC18f452 hassimilarly, using second potentiometer, parameteo t&
been used which has most of the peripherals on #hias  tested and set point value can be set for secoraneter. If
low power consumption, fast executing speed an¢top  another parameter has to be set among eight pamentte
1536 bytes of flash and 256 bytes of data EEPROMh@ng.  processor can switch to them periodically in simitnner

It can operate up to 10MIPS (DC to 40MHz). The® B by pressing key RB1. Alarm acquisition is done pem
interrupt sources, two-timer modules, two captamnhpare /  collector source ULN2003 (transistor array).

PWM mOdUIeS, 8X8 hardware mUIthIler and master In between all process, the processor CO”tinuMykS
synchronous serial port module having SPI and 12Gf character “** has been received from keyboaddert it
interface. On Chlp serial communication Supportsthbo transmits all parameters and set point values mhyper
RS232 and RS485. The system can work up to 40 MHgrminal as shown in figure 3 and come back to rtfagn
clock frequency. But response time of many senisoo§the  program. All measured data is stored in on chipstland
order of 100us or more [12]. So, a processor spEed az|so serial EEPROM has been interfaced via 12C tous
10MHz to 15MHz should be adequate. Considering thjtjlize the non — volatile memory. All values arartsmitted
optimum performance and cost of the overall systethdue  to | CD unit using the LCD interface. The parametaiues
to easy availability of crystal oscillators up t6MHz, the  and their set - point values can be transmit vi23RSor
system clock of 10 MHz is selected for current &aplon.  wireless module (DIGI's X-Bee — PRO 802.15.4 trager)
There is 10 bits, 8 analog input channels A/D caevavith  which has capability to transmit data up to 1.6 lime of
acquisition time 12.8s. The eight input sensor nodes sight at frequency 2.4 GHz. In general, a loweqtency
operate under stored program control [14]. The anicr allows a longer transmission range and strongeatubiy to
controller A/D converter performs periodic scanstiiése penetrate through walls and glasses [3]. However,GHz
sensors. The scan rate is programmable and caddpéivee  bands of 2.400-2.4835 are worldwide acceptable. The
based on the rate of change of sensor readings@&hsors microcontroller apart from the measurement of apalo
data are compared with set-point values storedeimaony. parameters [5] also performs all the required hiesging
tasks and interacts with the other peripherals. ateby
supply monitoring circuit generates an interruptdatection
of a battery fail condition and initiates an emerge
measurement backup. There are two main time irltethat
need to be maintained. The sensors with their mnétess are
carefully timed using software timers. Assembly a@d
language programming is done using MPLAB IDE tool
along with PICDEM-2PLUS debugger and programmer for
implementation of developed algorithms, monitoriagd
display of parameters and set point values.

[ Tonykab 192 AT S Hiyper Term
Fie  Edn  wiowe call  Transfor el
O == =% Fm uwO &=
DRATE=1c/sa29. 85
/ PARAL -GBS 7PPM
Figure 2. Eight potentiometer based kit. FHEAZ=Aa34FPFH
poRnz-gsserEn
For testing of eight channels, an eight potentieme =
based kit has geen degvelo ed in laborat v hpvﬁ ine 2 PARAS- 08 SAEEH
! P nila ora orys o) _gure . FPARAS=1BBHFPEM
The parameters are firstly checked with eight pidereter PARA7—B234FPFM
kit and then module has been checked by RTD seriEbes PARAS=8B117FFM
. . . SE L= B
eight potentiometers are connected at PortA, anaipgt e ey T T
channels of microcontroller. Voltage (0-5V) is cened into sSPa—acos
corresponding engineering units for different paztars. ggé:gggg
The control of system can be done by two switcR&0(and SP&E=A9GA
RB1) connected on port B of microcontroller. Thdugaof Eﬁg_gggg
parameter one (0 - 1000PPM) can be adjusted by firs —
potentiometer and when switch RBO is pressed itesoto Figure 3. Data transmission at hyper terminal.
the set point value for first parameter which izatly stored
in flash memory. The set point value can be increnue The developed multi-sensing system performs batksta

decrement (0-1000PPM at span of 100PPM) by pushingiz. sensing of parameters as well as controllig t
switch RBO according to user's need. If switth RB1 movements of the mobile robot using left and rigit
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motors [14]. The summary of hardware configuration of the dry and wet bulb sensors, the maintenance of

mobile multi-sensor embedded system is as follows:

e Central PC: Data acquisition
communication and analysis

minimum ventilation speed, and a clean wick arerttagor
factors that affect the measurement of the reldtivmidity.

using wirelessWhen the wick of the psychrometer becomes hardbttie

will not be thoroughly wet and inaccurate readingd

« PIC18F452 — 4 MHz, RAM 1.5kbytes, flash programresult. Care should be taken to keep the wick cliahould
memory — 32kbytes, 8 channel - 10-bit A/D converternot be handled unless the fingers are perfectiyancle

for sensor and motor control

Distilled water should be used for keeping the wiekt.

+  Soil temperature and humidity measurement using\ccuracy with the fixed position psychrometers dae

sensor s LM335 and RDT respectively

obtained only by creating free circulation of anmbieir

+ ZigBee/802.15.4 RS232 RF Modem -— wirelessaround the bulbs. Since relative humidity depenusnore

connectivity between mobile robot and central PC

e Two DC motors: Supply voltage 12V, 6mm sha

diameter, 30 RPM

e One stepper motor: for mobile robot arm for sensof

assembly
e  Stepper motor driver: 1 L293. Battery: 12volt, 3t6A

The temperature sensors LM335 and RTD are mounte
on the robotic arm assembly. The sensors -caliloratio

circuitry is also included in the design. The seriaterface
circuit to PIC18f452 is composed of unity gain aifigus
followed by a filter circuit to reduce the loadiedfect and
noise respectively. The filtered signal is giventbe A/D
converter for sensor signal digitization.

The motor driver circuit is designed to drive DCtoro
and stepper motor. The stepper motor for arm igedrin
half stepping mode, so that the effective step eangl1.8
degrees. IC L293 is used to drive the DC and steqmoéors,
which limits the current up to 600mA.

A. Temperature measurement

The temperature measurement is implemented using th

PT100 Resistance Temperature Detector (RTD) sefisofs

than one parameter, multiple regression methodsésl uo

ft derive the relationship. Again by dividing the optérg

range into three zones, viz.°@- I0°C, 1I°C - 20°C and
1°C — 50°C and then by using the MATLAB and Simkili
software package, second order equations are gedklor
the entire range of temperaturRCO- 50°C to get the desired
accuracy of about + % in the RH measurement. Theatém
f&>r the temperature range di®to 10°C is :

RH = 97.4056 - 15.48984F 16.2592 },+ 0.2317 F*-
0.2972 T,2 (1)

The equation for range the 11°C to 20°C is:

RH = 93.0129 - 12.64914F 13.4314 |, + 0.1229 T2 -
0.1485 T, (2)

The equation for the temperature range of 21°CG58?

RH = 91.0058 - 9.0872 4T+ 9.5597 T+ 0.0471 T -
0.0540 T,2 3

where, § — dry bulb temperature and, =~ wet bulb
temperature.

2) Dry and wet bulb temperature transmitter

The transmitter circuit takes RTD as input z_;md [wes 4- The dry and wet bulb temperature transmitter is
20mA output corresponding to the measuring rang®-of implemented using the PT100 Resistance Temperature
50°C. The XTR-103 has built-in provisions for RTDrent  Detector (RTD) sensors [17]. A mechanism of a water

excitation, signal amplification and liberalization a single
integrated circuit. The zero and span adjustmemntcarried
out to get 4-20mA output signals for a working temgiure

container for keeping the wet bulb wet, by coverihg
corresponding RTD with one end of a wick and kegpire
other end of the wick in the water tank is incogied. At

range of 0-50°C. These 4-20mA current signals argeast half of the length of the wick remains dipprdthe

interfaced to the ADC input port of the micro catir for

further processing. First, temperature transmitiecuit is

calibrated by connecting a standard resistance Biwe
resistance is set to 190 corresponding to °C, and then
ZERO adjustment is done to get 4mA at the outputil&ly

it is set to 119.2, corresponding to 5C, and SPAN
adjustment is done to get 20mA at the output. @iryilthe
other temperature transmitter circuits are caldmrat

B. Relative humidity measurement

Measurement of relative humidity in the field plags
important role during the harvesting of the sedd§.[So this
facility is also included in the designed system.

1) Measurement Technique
Psychrometry is the best-suited technique for méasu
relative humidity particularly in process indusgiewhich
call for rugged and continuous operation [16]. Bleeuracy

water. Similarly a fan mechanism is provided fottigg the
required airflow around the wet RTD. Circuits usiK@R
103 are implemented for measuring the two tempestu
Each circuit takes RTD as input and provides 4-2@ufout
corresponding to the measuring range of 0-50°C. XHie-
103 has built-in provisions for RTD current exditat signal
amplification and liberalization on a single intetgd circuit.
Two similar circuits, based on XTR-103, are impletee
for measuring the dry and wet temperatures. The aed
span adjustment are carried out to get 4-20mA dusgignals
for a working temperature range of 0-50°C. These #w
20mA current signals are interfaced to the ADC trjpart of
the micro controller card for further processing.

C. Wireless communication

For wireless communication RS 232 based DIGI's X-
Bee—-PRO 802.15.4 transceiver module having OQPSK
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based modulation is used. The operating temper&uré0

P=(RGG A)/((41)2c L) ()

°C to 85C and the power down current is less than 6maA. It

can transmit data up to 1 mile for outdoors rahgeS) and
100m in indoor range at frequency 2.4GHz .The xexei
sensitivity is - 100dBm. For every 6dB gain in THvger or
RX sensitivity the range of wireless link doubldSor
wireless communication, location is also an impariasue.
Therefore, the module has been tested at diffefistances
and different baud rates inside and outside otficanalyze
the effect of obstacles in line of sight (LOS) o B00m. The

baud rate error was 0.16%, which is obtained frdma t

calculated and desired baud values at 16MHz [183eAal
RS-232 and wireless interface is provided to coninate
with a host system for remote/ automated monitoriFige

signal loss and power received have been calculated

different distances by using (4) and (5). We apepring the
portable RF power meter from Keithley (Model 3500)
measurement of actual power loss.

The signal loss is given by-

L (dB) = -20 logso (M 4Md). 4)

where — L = signal loss in free space (dB) and distance
(meters)
The power received at receiver is given by-

where — Pt = transmitted power = 100mW and&GG; =
antenna gain at receiver and transmitter = 2.1dB.

D. Distance measurement

For testing of information loss at different place®
wireless modules are used. One module is connéctéte
system through RS232 port placed in a test roormaanther
wireless module is connected with a laptop to chbekioss
at different places. To calculate line of sighttalices
between two places, help has been taken from Gdtaylid.
Google Earth maps the Earth by superimpositiomafges
obtained from satellite imagery, aerial photographyg GIS
3D globe which can be downloaded free. It provifdedity
to calculate distance between two selected objeudsr the
Tool option by selecting the ruler. Thus we haweated our
CEERI office area at Pilani, Rajasthan through Ge&grth
and then calculated approximate distance in métefseen
two locations in outdoor ranges. For indoor ranges
distance between two rooms are calculated appragiyna
using Pythagoras theorem on first floor and grofloat.

Initialize on chip peripherals of MICTU -ADC,

Timers, PWNML, Usart and 'O ports
P

Set the set point values for each parameters using on
board switches and store in on chip flash

ADC
¥

o Get the parameters from the transmitters through [*

Store eight parameter values in memory

v

Is command received
from kevboard to allow
transmission through

serial interface?

¥

Yes

Transmit all parameter and

&

set point values to host

its set point values

Compare the parameter values to

v

v

Is parameter values
greater than set point
values?

Is command

received from
kevboard to stop
transmission?

Yes

| Give false alarm

Control parameter values

Figure 4. Software Flow of Multi-Sensor Embedded System.
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verified and found to be +/- 1% as tabulated inetalover a
IV.  SYSTEM SOFTWARE span of 100 to 12C. The variation of calculated signal loss

The embedded software to operate the wireless -multend received power against distance for testingless
sensor system is implemented. Subroutine modules fdnodules are shown in figure 7 and figure 8 measwated
sensor signal digitization, motor control, LCD, key, various aerial distances with different baud rates.
wireless data acquisition and transmission & fitltking The RH is calculated from measured dry and wet bulb
algorithm are developed in C language and compilgd ~ temperatures and the (1) - (3), and is compareti tie
MP-LAB C18 cross compiler. The hex file is thentedrto ~ €xpected value from the psychometric chart. Theltesre
the flash memory of the PIC18F452 using PIC prognam  given in the following tables II, Iil and IV resgaely.

The operation of the software for multi-sensor edatsel Since, wireless communication works by creating
system is shown in the flowchart in figure 4. electromagnetic waves at a source and being algekoup
those electromagnetic waves at a particular dastm§l4].
V. EXPERIMENTAL RESULTS During the propagation, some attenuation of thaeaitakes

Figure 5 shows the experimental setup for testingpe ~ Place due to properties of the transmission medain and
developed system. The developed module is inteifagth ~ obstacles and power density decreases at recewuml
temperature sensors through transmitters giving 20mA Figure 7 shows this attenuation as a function efdistance
current outputs. The wireless module is connedtedugh between the transmitter and receiver and figurbdvs the

RS232 interface. The device is programmed using ABPL Power received at receiver end decreases withasurg the
IDE programmer. Figure 6 shows the results of ihdistance between transmitter and receiver locatidiie

temperature measurement conducted by keeping tfaformation loss in wireless data communicationngsthe
temperature sensors in the environmental chamberevh £/GBEE wireless modules is shown in table V andetald

programmable temperature setting is done for specif at outdoor and indoor distance range with and witho
temperature. The temperature measurement resulis dPbstacles.

G0 q
U
¥ 50 4
=
B oan
= 304
[
E 20
[‘ﬂ 10 4
il : . T T 3
100 105 110 113 120 125
RESISTANCE (OHMS)
Figure 6. Experimental setup. Figure 5. Temperature measurement.
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Figure 7. Signal loss. Figure 8. Received power.
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TABLE . TEMPERATUREMEASUREMENT
Resistance (Ohms) Temperature from Chart(Deg Cen.) Measured Temperature (Deg Cen)
102.0 5 5.2
103.9 10 10.1
105.8 15 15.0
107.8 20 20.0
109.7 25 25.1
111.6 30 30.1
113.6 35 35.0
115.5 40 40.2
117.4 45 45.1
119.4 50 50.1
TABLE II. COMPARISON BETWEEN MEASURED AND HCARTRH VALUES FOR0-10PC RANGE
Dry Blub Wet Bulb Measure RH %}:%?llr%%fé?r? I\/I:I)elfaflzﬁggeaﬁzngﬁg?t Percentage
Temperature Temperature value Chart values Error
2 15 91.0728 92 -0.9272 -1.0078
2 1 83.3147 83 0.3147 0.3792
4 35 92.4198 93 0.5802 -0.6239
4 3 85.2560 85 0.0256 0.3012
6 5.5 93.2426 94 -0.7574 -0.8057
6 3 58.9099 60 -1.0901 -1.8168
8 7.5 93.5412 94 -0.4588 -0.4881
8 5 62.1805 62 0.1805 0.2911
10 9.5 93.3157 94 -0.0684 -0.7280
10 6.5 58.8034 60 -1.1966 -1.9943
TABLE Il COMPARISON BETWEEN MEASURED AND CHARRH VALUES FORIO-20°CRANGE
Dry Blub Wet Bulb Measure RH RH Value from Difference between Percentage
Tem);/)erature Temperature value Psychrometry Measured and Chart Error X
Chart Values
10 9.5 93.0144 94 -0.9856 -1.0485
10 6.5 59.8460 60 -0.1540 -0.2567
12 115 93.7525 94 -0.2475 -0.2633
12 11.0 88.7069 89 -0.2931 -0.3293
14 135 94.2862 95 -0.7138 -0.7514
14 13.0 89.5375 90 -0.4625 -0.5139
16 125 66.7915 67 -0.2085 -0.3112
16 12.0 61.8943 62 -0.1057 -0.1705
18 17.5 94.7409 95 -0.2591 -0.2727
18 17.0 90.5860 90 0.5860 0.6511
20 16.0 66.0971 66 0.0971 0.1471
20 15.5 61.7195 62 -0.2805 -0.4524
TABLE IV. COMPARISON BETWEEN MEASURED AND CHARRH VALUES FOR20-50°CRANGE
Dry Blub Wet Bulb Measure RH %2%?}'%%1?3 I\/I:I)elfaflzﬁggeaﬁzngﬁg?t Percentage
Temperature Temperature value Chart values Error
20 19.50 93.9807 96 -2.0193 -2.1034
20 15.50 63.3039 62 1.3039 2.1031
22 21.50 94.4538 96 -1.5462 -1.6106
24 19.00 62.1831 63 -0.8169 -1.2967
26 25.50 95.2343 96 -0.7657 -0.7976
28 26.00 85.5367 85 0.5367 0.6314
30 29.50 95.7938 96 -0.2062 -0.2148
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32 30.00 86.6340 86 0.6340 0.7372
34 32.00 87.0997 87 0.0997 0.1146
36 30.00 63.0991 64 -0.9009 -1.4077
38 31.00 58.1618 60 -1.8382 -3.0637
40 39.50 96.2262 97 -0.7738 -0.7977
40 33.00 59.5422 61 -1.4578 -2.3898
42 41.50 96.1469 97 -0.8531 -0.8795
44 37.00 62.1372 63 -0.8628 -1.3695
46 45.50 95.8228 97 -1.1772 -1.2136
46 45.00 93.4871 94 -0.5129 -0.5456
48 47.50 95.5779 97 -1.4221 -1.4661
50 42.00 60.6471 62 -1.3529 -2.1821
TABLE V. INFORMATION LOSS— INDOOR RANGE
S.N. Baud rate Baud rate Distance (m) Distance (m) Information loss
(bps) error (%) with obstacles | without obstacles (Yes/No)
1 1200 0.16 - <50 No
57 - Yes
64 -
- 227 No
2 9600 0.16 - <50 No
57 - Yes
64 -
- 227 No
3 19200 0.16 57 Yes
64
227 No
TABLE VI. INFORMATION LOSS— OUTDOOR RANGE
S.N. Baud rate (bps) Baud rate error (%) Distance Information loss (Yes/No)
(m)
1 1200 +0.16 <20 No
33 Yes
57
61
2 9600 +0.16 <20 No
33 Yes
57
61
3 19200 +0.16 <20 No
33 Yes
57
61

The developed multi-sensor embedded system is aldoansmission of signals via wireless communicattoe, low
tested on the mobile robotic platform in the fieldan area frequency range along with low baud rate and lihsight
5m x 5m. The system is tested with LM 335 and RTDrange is required to minimize the signal loss. d@beeloped
temperature sensors for temperature and humiditgystem is cost effective, versatile, and based emerc
measurement of soil in the farm over a wirelesqeativity.  platform. Currently, efforts are going on to ingea
The observed trajectory of the wireless robot ie thsted measurements up to 16 sensors channels, whictuitabls

field of 5mx5m area is as shown in figure 9. for most of our current applications like RO water
purification Plant automation and Smart pond fish
V1. CONCLUSION AND FUTURE WORK management system, where in up to 15 parametets &e

A development of the multi sensor embedded system f monitored. Also implementation of appropriate wess
measuring up to eight sensor parameters optimized beconfigurable sensor network for future perspecto as to
appropriate algorithms with its various featurese ar make the developed embedded system more appligable
presented. The test results of the developed puratystem Agro based Industrial applications such as graid foit,
with RTD temperature sensors for temperature measemt ~ Storage, vegetable storage smart pond automatiofrefsh
over a wireless connectivity for various distancase aquaculture and so on.
presented. From the results it can be concludeddahaetter

2010, © Copyright by authors, Published under agreement with IARIA - www.iaria.org
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The developed multi-sensor embedded system on enobiproposed system is low power and cost effectivédn \ats
robot is also successfully tested to monitor thel sonumber of sensors and wireless nodes. Although the
parameters in the farm and transmit the data tocémgral experimental conditions were limited, but the prétiary
system using wireless protocol for precision adtice. results are promising and shows that the wireles#ti-m
Considering the high cost and complexity of numbér sensing system can be utilized for farm applicatiaon
wireless sensing network systems in agriculturee thprecision agriculture.

> Troral <
Robot start at Tintervar » 1 |
‘0’th location ® o ® e e
 — %
<
o @ o @ -
S
® ® @] L J | ®]
%
Deadend ol :
reached O e -t ® e
| | | |
® - Soil parameters are sensed here and sent to the

central PC using wireless connectivity in the field
area of Smx5m

Figure 9. Trajectory of the Wireless Mobile Robetsing soil parameter.
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