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ABSTRACT

Emerging wireless networks have become a useful ftmoagriculture fields and greenhouses. An actera
monitoring of pest insect population in greenhousdlsws to take proper decisions on biological coht
applications. Treatment success, strongly rely aryedetection of population sprouts and pest dyicamA simple
PVC trap was designed using infrared-phototransistmdules using light and molasses as attractinigsbaBee
modules operated the trap, detecting automatidaléyflies using an innovative capacitor as a courtee module
acquired the capacitor voltage after ten minuted éransmitted its value to a gateway. One nodeoimnected to
each of the four traps distributed in selected tamss within the greenhouse and the informatiorhgegd every ten
minutes is sent to a gateway composed of an ArdDiN& board, that stores the data and transmits §St®rt
Message Service) to a smartphone. SMS were senttivbdirst fly was caught and when a certain thdd of flies
is detected within the four nodes. The wirelessegysvas evaluated inside a tomato greenhouse, megsihe
temperature and relative humidity inside the trajery 5 minutes during ten days; temperature was aisnitored
outside the trap. Temperature within the trap wasnfd to be 1°C colder at noon at measurements takenover
the soil within the tomato crop. The effect of povess in the transmission signal as it crossesotigh plant
biomass was studied. Tomatoes reduced signal tigagm to 15 m, while leaves reduced transmissio25t m, so
a PVC tube was added to the trap in order to it XBee module over the crop. Energy consumptienoptimized
using only two white LEDS for attracting flies frofrto 10 PM. Energy dosage could be optimized byrabing
the lightning period based on the trap temperature.
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INTRODUCTION

Pests and insects are attracted towards plantaisethey discharge volatile biological amalgamant?l undergo
various mechanisms by themselves for self-defendetfzeir counter effect towards insect-attack v\adepending
on multiple factors of damage. An accurate and I§inmeonitoring of pest insect population for cropoaction,

allows to take proper decisions about chemical lEinbbgical control applications [1]. Treatments sess at farm
level strongly rely on early detection of populatigprouts, pest population levels and their dynamiest
population levels during crop season are routimebyitored by means of adhesive traps dissemin&tredigh the
field, where insects remain stuck when attracteddigr lures [2] or odorous baits such as sex phere [1].

The most popular method to collect data from tragmgsists on performing repeated field surveys.u&lis
observation of traps is carried out by a human atperrecording the number of captured insectsTBg periodicity
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between two consecutive surveys is usually betwlgeto 30 days. This method has two main drawbask ia
laborintensive (costly) and all monitoring traps canbetsynchronized to measure the target pest populati

Probe traps are cylindrical tubes with perforatiomshe upper section through which insects drays the trap.
These traps have a pointed tip for easy insertiomthe place where insects live, and have beegsigaed several
times using newer and less expensive plastic nadged]. Instrumentation was developed to estinpatéoe trap
catches automatically [5], and an autonomous mongasystem was designed to count insect pestadayfields
[6] by using rotten fruits and brown sugar yeasitso#o attract the insects. Visual lures includinigyaviolet,
fluorescent, incandescent and LED illuminationaattrthe insects to the traps [7,8]; insects ara ttminted using
image processing techniques, before a GPRS/GSM Imadunsmits the data. A Pomotrap [9] for IntegdaRest
Management consists of an envelope with a defiepes where a sticky pad and a pheromone dispénser
inserted. The system presents a commercial adguisiind data transfer system composed of a progedoiem
smartphone, a 3-Mpixel integrated camera and tmeb&n operating system [10]. Data is periodicalansmitted
to a remote server using a GPRS network

A WSN-MS composed of a number of nodes and a gat¢idd provided a unique, wireless, and easy sofufor
multiple-point spatial monitoring tasks. During tteployment of the system, each paired neighbaérgor node
was separated between 9 and 15 m. The area coappedximately 2 ha (19 7359nusing 17 WSN-MSs that
contained 198 sensor nodes; there was one senderpen 99.68 M(9.98 m x 9.98 m). The ZigBee transmission
modules were coupled with an automatic pest cogntap, its counting controller, a luminance sentamperature
and humidity sensors. Successful pest insect nimgt@llows taking proper decisions and controht&lgies at a
farm or at district level, based on continuouslylated spatial maps of pest insect population levidiss spatial
maps are retrieved to a server from a distributtdiark of sensor wireless units transmitting frdra field [10]. To
achieve this, a set of measuring stations have welployed in the field.

The present study examines the design of a wirelgstem for fly monitoring in a tomato greenhousgpc An end
node was connected to one of the four traps agthenhouse and the information sent to a gatewatystbres the
data and transmits SMS when the first fly is cauhe SMS message is also sent when a certairhtiicesf flies

is detected within the four nodes. Environmentaiditions as temperature and relative humidity al&sind inside
the trap were monitored continuously for 24 hourd the transmission attenuation caused by plaoliage and
tomatoes analyzed.

MATERIALSAND METHODS

The experiment carried out from December 2015 te deas conducted at a greenhouse located at thegiegmtal
field of "Tlapeaxco" at the University Autonoma Q@irego, located at 19° 29' N and 98° 53' W, at dituale of
2250 m in Texcoco, Mexico. The naturally ventilaggdenhouse is 20 m long, 8 m wide, and 6 m higts aentral
ceiling. Eight lines of tomatoes having each 3,fdaspaced 50 cm between them- were planted is with
tezontle (volcanic rock) as substrate.

The system should perform an efficient pest momitpprocess using a wireless system distributedhimithe
greenhouse monitoring area. The main advantagdwedystem are: high scalability, operation ingideenhouses
or in large plantation extensions, low-cost wirslegstem, and low-power consumption with null zaaintenance
during the operational life of nodes. This new teduld have a control signal to turn on a simgipliaation
system, and a SMS system to alert the producer wieefirst fly has been detected.

Trap design

The trap was designed to attract white-flies usifgte light [12] during the night and a liquid b@ibmposed of
grape juice mixed with 10% of molasses. Once timejand the molasses are mixed, the liquid itfioduced to a
plastic dispenser in the bottom of a cylindricalptrconstructed of white PVC and painted of yellmloc as a
natural attractor; the bait has a sticky consistemiere flies remain stuck. These traps have aartad funnel so
that air can flow and a net avoids that flies eec#pl0W solar photovoltaic panel charged a smatkpge battery
of 12 V and 36 Ah.

Two holes (0.5-cm in diameter) were drilled on thep body 5 cm over its bottom. The holes’ functamthe fly
entering pathway, being each hole surrounded biylf&DS, two white LEDS outside the cylindrical P\abe and
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the other two infrared LEDS inside the trap. Thaction of the white LEDS is to attract the insedtaying its

spectral peaks at 456 nm (blue) and 548 nm (grige})) This trap has two pair of infrared-photoetecisensors
fixed to a cooper tube, Fig. 1. The infrared emgtdiodes emits radiation and works together wighetotransistor
to detect flies or insects and each infrared dioae to be properly aligned to the phototransistmiser [12]. The
light path from emitter to receiver covers the ante to the trap (Fig. 1) and it is interrupted wiige insect body

passes.
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Fig. 1. Electronic trap componentswith its counting capacitor and lightsfor attracting flies.

Wireless system

In the greenhouse (figure 2) four nodes were ilextalsing a simple star topology, measuring tempega ADO-
temperature), insect presence (AD3-capacitor chaegel humidity (AD1- relative-humidity). The enddes use
the ZigBee radio interface of an XBee-RF moduléhwitaximum transmission power of 50 mW and a sefitsitbf
-102 dB,. These modules have a theoretical line of sighgegaof 100 m when using a 5 dfipole antenna. Each
XBee module was connected to the SHT75 (Sensisovifzerland) temperature and HR sensor, sampling da
every 5 minutes during ten consecutive days. THerrimation was saved on a Micro SD Storage Micro BDT
module compatible with ARDUINO UNO. The variable® &ommunicated directly with the gateway nodef tha
acted as a coordinator receiving the values frarstmsor nodes.

Once the transmission light is interrupted it gates a 20 ms pulse through the digital output D@2 18 XBee),
which charges the capacitor by 0.25 V. A spanngsii0O minutes is used as the sampling or countermg. If 4

flies crossed then infrared sensor the capacitbiwicharged by four 20 ms pulses, resulting staged voltage of
one volt. After the fifth minute, the XBee reads ttapacitor voltage and if it is higher than 5 sdtttransmits the
data. The capacitor is shorted through a transisiat is turned-on with DIO4 (pin 11 XBee). Inghinode of
operation, the XBee works as a counter considexingaximum density of four flies per minute.

Node 1 was placed 500 cm away from the rear wathefgreenhouse, and hanged at a height of 19Garm the

soil; the edge of the tomato foliage was encoudtéf® cm away. Node 2 was positioned at a heigh®6fcm and
at a distance of 80 cm to the western side waldeN8 measured the crown layer at a height of 300ncthe

opposite side of Node 1. Node 4 was in the midfith@ greenhouse block 820 cm away from the entraloor and
hanged at a height of 215 cm. The nodes distandedvéfom 10 to 15 m to the coordinator, which stdd a
channel through a PAN ID to start the network. Therdinator buffered data packets for sleepingresdes. Each
node woke up and turned-on its radio for 15 secoadd went then back to sleep turning-off its radio9 min 45

seconds. At a time, only one of the four nodes weaiting data request from the coordinator. Temjpeeainside
and outside the trap was monitored to make it caaite for the flies to come in, as flies will netiter with high
temperatures.

Control signals
One of the purposes of the trap was to genera@raidute five-volt signal when 10 flies were detettvithin a 5-
minute interval. A Short Message Service (SMS) sexd to the producer smartphone, indicating treastgnal was
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http://www.easletters.com/issues.html



Federico Hahn et al Entomol. Appl. Sci. Lett.,2016, 3 (6):9-15

generated. The appearance of the first fly generateo a SMS to alert the producer. The systemwggte
transmitted in intervals of 30 minutes as it s@isthe demands of lower sampling error, highecipien and lower
power consumption [13]. The gateway also save@fioemation on a SD memory card.

3aIs 1sy3

Fig.2. Greenhouse end nodes having each atrap hanging.

Experimental set-up

The experiment carried out at the greenhouse hese timain experiments: determine fly activity under
environmental conditions, optimize the power congtiom of the trap and evaluate the performancdefwireless
trap system. In the first one, temperature andiveldiumidity measurements were acquired inside autdide the
traps hang up in places were tomatoes were in ptimu Fly activity was checked throughout the dayd
monitored flies were counted.

Optimization of power consumption analyzed whetther presence of two white LEDs of 5V@10 mA worked
better for fly attraction, then a unique internmatandescent lamp of 80 mA. Treatment A, turned-keatkernal white
LEDs for 15 minutes and then turned them off footaer 15 minutes throughout all the night. In aosecanalysis
(treatment B), only one LED on the outside wasedron for 5 minutes and turned-off for 10 minutfser turning

it off, the second LED was turned-on for five miesitand there was a period where only the intearaplwas
turned on for 10 minutes and both outside LEDS wdfe On the third experiment (treatment C) thepawas
turned-on during all the night. During all theseeth treatments, energy packages were analyzedobatbe hours
that flies were present, and a completely automatite controls the energy when it is dark and #&meperature
between 15 and 35°C.

The performance of the wireless trap communicationsiders the distance of transmission considetivzg
tomatoes are present in the path, or that leavesiraerfering. If interference caused problems tfa was
redisigned so that all the information was avagéadt the gateway.

RESULTSAND DISCUSSION

The pulses generated during each fly-detectiontearenshown in figure 3. For testing the detectiperation of the
sensing device composed of the pair infrared detgdtototransistor and the capacitor a screwdnivas inserted
between the two diodes (transmitter and receivenulating that the fly passed through. In the Xsaxime
(minutes, seconds and cents of second) was pladfgokaring a pulse when the screwdriver was irgseffthe
capacitor gets charged and after 5 minutes theag®eltis discharged; the synchronization for disdhgrghe
capacitor is controlled by the gateway with theuesj to send signal.

12
http://www.easletters.com/issues.html



Federico Hahn et al Entomol. Appl. Sci. Lett.,2016, 3 (6):9-15

1.2 - ——Insect pulse ——Capacitor voltage 1.6
|
1 - 1.4
] [ 1|
- 1.2 >
0.8 - (0]
k] - -
> +—
2 I g
’9‘; 0.6 1 - 08 2
@]
= =
L 06 &
0.4 1 | &
L 04 ©
0.2 1
- 0.2
0 0
o o o o o o o o o
o o o o o o o o o
S & < © e} S (3] < ©
o — N (90] < o — N (90]
S — N [40] g o ~ o] o))
o o o o o o o o

Fig.3. Pulse generated every timethat an insect is detected and voltage stored at the capacitor.

Temperature throughout the season, showed tempesdtuthe greenhouse varying from 5°C to 40°Cndpédwer
at soil level and higher as the sensor was takeartts the top of the tomato plant. Temperatureiwithe trap was
higher in the night and lower in the day by onerdegentigrade, Fig. 4. Relative humidity increageer 70% for
five hours after 3 AM. On the yellow square showrfigure 4, flies do not move around and traps warable to
catch them after 9 pm. Yellow sticky traps weredu® catch white flies to monitor natural enemyiaty [14];
results were similar showing no flies after 9 PNl @uring midday. Studies reveal that the largestlmer of insects
affecting agricultural crops is observed betwedtiWwand 9 PM [6]. Flies observed in those studiga/ben 2 and 7
AM correspond to only 12%, meanwhile those appedetween 7 and 9 PM were 55%.
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Fig.4. Temperatureand HR inside and outside thetrap.
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Temperature is one of the most important factoisctihg the developmental rate through the varidasstages of
fruit fly [15]. The development, survival and refdtetion of fruit flies are also influenced by thgesies and quality
of hosts, especially at the larval stage. Larvalettgoment ofCeratitis capitatancreased in favorable hosts such as
mango and tomato [16]. At pupal stage of fruit Bgctrocera correctathe highest survivorship was 97.25% at
30°C. The percentage of adults emerging from 1@3 @gaked at 77% at 30°C compared to 47% at 18AGetAall
the development stages egg, pupal and larvaesmudival was found below 5°C and over 45°C [17].
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Fig. 5. Transmission distance of each trap/node crossing through leaves and tomato fruits.

Plants foliage affect wireless communications, hes gignal gets attenuated as leaves are wateohbjtts [18].
Figure 5 shows the difference in transmission agdeby the gateway coming from each node. It casdem that
node 3, that was placed over the crop crown shovagtanuation of 75 dB after 100 m. Transmissionadfe 1 that
crossed through 5 plants attenuated the electrostizgiwaves greatly after 20 m and was unable tweato the
gateway; similar responses were achieved by nodasd24. A group of tomatoes were put just after XiBze
antenna, and transmission was lost after 15 m. gggBs the WSN communication technology workingdesi

greenhouses with variable temperature and humpditgmeters have a limited communicating distan@2aheters
[19].

Some changes were done to the original trap showfigire 1 in order to avoid foliage interactiontween the
XBee node and the Arduino One gateway. A one-ahdiameter PVC tube was threaded to the upper Gidee

trap, fixing the XBee module and the solar celthte higher tip of the tube. At a height over 3 pliaige was of no
concern anymore and no communication failures wetected.

Energy consumption

The advantages of using the cheap ZigBee technologythis application are that is characterized duff-
organization and that it has low power consumptibime acquisition system based on the XBee modulbes
cheaper and better suited for monitoring procetgsslo not require to transfer a great quantitgtaif.

Table 1. Energy consumption of the wireless system and illumination per treatmentsand insects caught per day

Treatment light control ~ Wirelessenergy, |llumination consumption, Total energy, Insect caught
watts watts watts per day

A/ All night 4812 10800 15612 7+2
Al 7-10 PV 260( 270C 530( 7+2

A /Control 1400 900 2300 6+1
B / All night 4812 17424 22236 8+3
B /7-10 PV 260( 435¢ 7,95¢€ 7+2

B /Control 1400 1452 2852 61
C / All night 4812 41472 46284 2+1
C /7-10 PV 260( 1038¢ 1298¢ 2+1

C / Control 1400 3456 4856 21

Energy consumption for each treatment considerididferent control option varies considerably. Tise of LEDS
instead of the incandescent lamp decreases energgumption by 74% (41,472 to 10,800 watts). It \aés0
remarkable that the incandescent lamp was thehateattracted less number of insects maybe duleetdeict that
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light was only visible through the tubes and notheas generated nearby. After knowing that insectspresent
from 7 to 10 PM, illumination energy consumption swaeduced being in treatment A similar to the eperg
consumed by the infrared diodes and wireless systam wireless system was taken to sleep from 1ad@KAM.
Treatment A and B were the best in attracting tisedts and some problems were encountered wheerbiggpcts
got stuck in the entrance of the trap, thereforaesh filter was introduced to avoid big insect &s$ through.
Energy dosage could be optimized by controllindntiigng turn-on period when the trap temperatureaigying
within 15 and 40°C. Wireless detectors and trartensitwere also shut at temperatures lower than &stChigher
than 40°C.

CONCLUSION

It can be concluded from this work that new on-godtevelopments in wireless communication technologyld
give a valuable contribution in facing automatic mtoring of pests. Precise monitoring of insect tpeat
greenhouses allows to take proper decisions ondidl control applications. This automated trapvjates a signal
and messages to the producer’s smartphone tohaefrom the presence of flies. Nodes based on XBedules in
each trap were installed using a star wirelesslogyo temperature, humidity and insect detectiotadeere stored.
A capacitor was charged every time a fly enteredttap during a period of 5 minutes. The capacititage was
acquired and transmitted by the XBee module evernyriutes.

The presence of plants and their foliage did cbuotd in the attenuation of the transmitted radgmal strength, so
the trap was redesigned and the XBee module raifed to a height of 3 meters. Unless, foliagerfiatence can
be reduced the distance between the communicatidgsnshould be limited to less than 25 meters. Alseas
noted that temperatures over 40°C and lower thaf Hecreased fly activity, so the traps could belligently
programmed to reduce power consumption, which ples/mainly from lightning for attracting insects.
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