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Abstract
The hot and humid weather of Taiwan causes a wide spread of pests and a great loss to Taiwan’s agriculture. In
particular, Spodoptera litura (Fabricius) causes huge agricultural disasters in past years. To gather important
information related to the outbreak of S. litura, we develop an ecological monitoring system which combines GSM
transmission technologies with mechatronics. The proposed system also equips with an MSP430 low-power
microcontroller, a solar power supply system, and a trapping tube. All information collected by the system is stored
in a specially designed database. The system is then deployed at an outdoor environment to verify its reliability. The
test results show that the system is capable of providing effective monitoring information for pest management.
[Keywords] ecological monitoring, mechatronics, pest management, Spodoptera litura.

I

Introduction

Taiwan is a small island, and the crops are densely
cultivated. Therefore, plant diseases and insect pests are
serious problems to Taiwan’s agriculture. Based on the
records in the 1960s, for example, the average damage caused
by pests of field crop was about 14% of the total crop damage
(Wu et al., 2002). Hence, it is very important to develop a
system which is able to monitor and forecast the population
density of pests in cultivated yards and fields.
Since the outbreaks of insect pests may be affected by a
number of weather factors, including temperature, humidity,
rainfall, wind speed, and illumination (TAPHIQ/COA, 2006),
a simple monitoring method which focuses only on counting
pest is definitely not able to provide enough suitable
information to determine the possible factors of outbreaks.
Spodoptera litura (Fabricius) is an omnivorous pest
world-wide (Hedin and Ranius, 2002). Economical plants,
such as flowers, grains, fruit trees, and vegetables, are
attacked by the larvae of S. litura, causing serious damages in
Taiwan every year. In Asian countries, the insect is highly

fecund (i.e., 8-11 generations per year), and can be found
throughout a whole year, especially in September and October
(Armes et al., 1997). Some areas may have more than 2
million S. litura per hectare (Japan: elab experience, 2010), so
it is necessary to develop a pest monitoring system which can
provide crucial information regarding the outbreak of the S.
litura.
Many countries acquire agricultural information through
manually counting or observation, which is the most direct
and easiest monitoring method. In Taiwan, for example, the
Bureau of Animal and Plant Health Inspection and Quarantine,
under the Council of Agriculture, has established pest
monitoring stations in many locations to collect the data of
population densities of several key pests. The data can be
reviewed by farmers through a website. Out of the all
monitoring stations, 1,490 stations provide pest counts of the
S. litura (Taiwan HARVEST, 2010). In these stations, the
number of the S. litura is counted every ten days. However, it
only takes nine days for the S. litura emerging from adult to
hatching eggs (Marenco et al., 1992). The life cycle may be
even shorter if the weather is warmer. Thus, this manual
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monitoring method does not provide correct population

Some may be very expensive, so that only governments or

information in time. In addition, a large number of monitoring

large corporations can afford to use them. Others may require

stations did not send the information back to the Council of

much manpower to achieve their monitoring goals.

Agriculture in the past years. This problem is mainly due to

In recent years, field server technologies have drawn much

the lack of manpower to reach some remote monitoring sites

attention and been applied to environmental monitoring.

and thus causing data incompletion.

Thailand, for example, reported on using filed servers in flood

To solve the problem of information incompletion, a

observation, while Indonesia applied the same technology to

concept of precision agriculture has been proposed. Precision

the monitoring of volcano activities (Temuku et al., 2008).

agriculture refers to an agriculture management system which

Furthermore, equipped with various sensors, some field

is based on information collection and use of modern

servers have been commercialized. The elab experience, a

techniques. It yields the most appropriate method and solution

Japanese company, has produced a field server that can

to deal with problems in agriculture. In this way, the cost of

measure different weather parameters, such as wind speed,

planting will be reduced, the income of farmers will be

temperature, humidity, atmospheric pressure, and rainfall, by

increased, and even the harm to the environment can be

combining different sensors. However this product may not

avoided. For example, knowing when to spray a pesticide not

meet the demands of all users who want to include other

only leads to effectively killing harmful pests but also

sensors into the server. Moreover, this device costs more than

decreases the use of the pesticide. However, precision

three thousand US dollars (Japan: elab experience, 2010).

agriculture requires much data to analyze prior to construct an

In the study that aimed to establish a GSM-based remote

alerting model to prevent the serious damage caused by pests.

wireless automatic monitoring system to collect field

Manual observation cannot offer a great amount of farmland

information, we created an automatic monitoring system

information in time, so it is necessary to integrate advanced

which is much cheaper compared to some commercialized

technologies, such as Geographic Information System (GIS)

products and easily to integrate all kinds of electronic sensors

and Global Positioning System (GPS), with automatic

into the monitoring system. In our previous work, this system

observation to obtain the field information (Li et al., 2008).

was originally designed for monitoring the population density

In order to follow the key principles of precision

of Bactrocera dorsalis (Hendel) (Jiang et al., 2008),

agriculture, our research team further use today’s cutting-edge

collecting field environmental information, and sending the

technology to replace manual observation with an automatic

sensing data back to the database by a GSM module. In this

field monitoring system, which can efficiently gather

study, we apply this innovative system to our field monitoring

pest-related information in real-time. Specifically, we have

system to monitor the population density of another important

developed a monitoring system that includes different types of

pest: Spodoptera litura. Table 1 displays the differences

sensors and a pest trapping device with counting ability to

between S. litura and Bactrocera dorsalis in terms of adult

automatically acquire environmental and pest information.

life span, body sizes, behavior, attacked crops and attractants

The data is stored to a database via the Global System for

used in the traps (Capinera, 1999). Based on these features,

Mobile Communications (GSM). The proposed system

we

provides researchers and farmers a useful tool to prevent

energy-efficient sensing modules into the field monitoring

possible pest outbreaks by analyzing the sensing data

system for investigating an area where is damaged by S. litura.

collected by the system.

Moreover, this improved monitoring system is highly reliable

II

Literature Survey

A variety of systems have been developed to monitor pests,
according to the biological characteristics of the pests (Yang,
1988). For example, some studies have introduced the
state-of-the-art technology to complete various monitoring

design

a

new

detecting

mechanism

and

apply

and accurate in detecting S. litura and outperformed the
monitoring system for Bactrocera dorsalis. The detailed
design and performance of the system are presented in the
following sections.

III

Materials and Methods

tasks, such as using radar technologies in pest migration and

1. The field monitoring system

flight (Riley and Smith, 2002); utilizing video devices to

The field monitoring system for S. litura is mainly

observe flying insects in the field (Riley, 1993); combining

composed of six parts, including a microcontroller unit

electric systems with moth detection techniques (Hendricks,

(MCU), a GSM module, a GPS receiver, some specific sensor

1989); and incorporating GPS technologies with wildlife

modules, a trapping tube, and a power supply device. The

telemetry and habitat mapping (Hurlbert and French, 2001).

system architecture is shown in Fig. 1 and its Printed Circuit

These monitoring methods, however, have some drawbacks.

Board (PCB) is shown in Fig. 2. The MCU is made of the
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Table 1 Comparison of Spodoptera litura and Bactrocera
dorsalis
Adult life span

Spodoptera litura

Bactrocera dorsalis

7 to 21 days

30 to 40 days

Body sizes

1.4 cm to 2 cm

5 to 6 mm

Attacked crops

Foliage of crops

Fruits

Behavior

Active during the
evenings

Active at daytime

Attractants

Sex pheromone

Methyl eugenol

energy-efficient MSP430F449 chip (USA: Texas Instruments,

Fig. 2 The printed circuit board of the proposed system

2009), which is responsible for integrating a variety of types
of external sensor information and producing Short Message

functions of thermometers and hygrometers, and it can

Service (SMS) messages. The power of the system can be

acquire parameters with a built-in microcontroller. The

supplied either by a utility company or by a rechargeable

SHT75

battery. The battery is charged by solar panels to achieve the

measurement accuracies of ±2.0% for relative humidity and

purpose of long-term monitoring.

also

possesses

long-term

stability

and

high

Navigation

±0.4 C for temperature, respectively. Figure 3 shows the
working processing flow chart of the proposed system. The

Corporation) uses the RS-232 interface to communicate with

system initializes all peripheral modules when the system

the MCU. The GPS receiver module allows the system to get

starts to work, and then reads the sensed data. The data is sent

latitude, longitude, and time tags in certain positions. The

back to our database via GSM after a pre-set period of time.

The

GPS

receiver

(GM44,

San

Jose

sensor modules contain an anemometer and a hygrometer. The

2. Design for the pest-trapping tube

GSM module (FASTRACK Supreme 20), produced by

The trapping tube combines the Taichung District

WAVECOM Corporation, supports the GSM standard, the

Agricultural Improvement Station (C-DAIS) pheromone

SMS, and the General Packet Radio Service (GPRS). All of

pest-trapping device (manufactured by Jin Huang Plastic

the collected data is then sent to the database via the GSM

Corporation, Taiwan) with two infra-red sensor sets. The

module, since the GSM signal coverage is 100% in Taiwan.

completed assembly of the trapping tube and the actual

The monitoring system is equipped with a Liquid crystal

finished product of the S. litura pathway are shown in Fig. 4.

Display Module (LCM), which provides users information

Since the S. litura can grow up to 4 cm in length and 1 cm

regarding the current status of the monitoring system, so users

in height, the length of the pathway was designed a little

are allowed to make decision based on the parameters

longer than that of the S. litura while the height of the

gathered

pathway was designed to be shorter than that of the S. litura

by

the

system.

The

LCM

also

supports

troubleshooting and maintenance tasks.

to avoid interferences, thereby further increasing the detection

The peripheral sensor modules include a thermometer, a

accuracy. The C-DAIS trapping device is an integrated

hygrometer, and an anemometer (AM-4203, Lutron Company;

molding, which is easy to operate. It is also able to prevent the

accuracy: ±2.0%). The anemometer provides 16 bits string

S. litura from escaping out the tube. In addition, attaching a

output function and can communicate with the MCU via the

polyethylene terephthalate (PET) bottle to the bottom of the

RS-232 serial port. The Sensirion SHT75 integrates the

trapping tube increases the pest containing capacity.

Fig. 1 The architecture diagram of the proposed field
monitoring system

Fig. 3 The flow chart of the proposed system
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Fig. 4 The C-DAIS pheromone insect-trapping tube: (a) the
insect-trapping device and (b) the S. litura entering pathway
installed in the designed insect-trapping tube
In order to reduce the hardware cost and the complex of the
counting mechanism, a double-counting mechanism (Lin et
al., 2006) was modified to design the trapping tube of this
system. The counting error caused by an S. litura crawling
back to the first sensor is largely eliminated when using the
double-counting mechanism (Jiang et al., 2008).
Fig. 5 shows how the double-counting mechanism works.
Fig.5(a) displays a normal situation of an S. litura passing the

Fig. 5 The double-counting mechanism: (a) a process of

mechanism. The system would give a count if both Sensor 1

completing counting (b) a process of failed counting

and Sensor 2 are triggered. Fig.5(b) displays the failure of
counting. This would happen when an S. litura does not
trigger Sensor 2 after triggering Sensor 1, and it eventually
flies away. Such a design helps exclude the counting error
generated by the scenario in which an S. litura passes Sensor
1 multiple times, e.g., crawling back and forth, but never
reaches Sensor 2.

3. Tests for the delay and successful rate of GSM
transmission
We use the GSM transmission technique to send the

Fig. 6 The experimental settings for the GSM transmission
delay and transmission successful rate in the field test

information about pest number, temperature, and humidity to
database, and such a technique is very critical to the proposed
system. As shown in the Fig. 6, we set up the system in a field
where tea trees are cultivated and let it send data back to the
database every 30 minutes to meet the outdoor conditions.
The system worked for approximately 15 days and sent 694
packets that include time stamps to allow researchers to
identify when the packets were sent.
Based on the test results shown in the Fig. 7, the majority
of the packets delays 8 seconds and the longest delay is 11
seconds. Although the packets were delayed in transmission,
the transmission successful rate still reached 100%. Hence,
the GSM transmission technique is very efficient and reliable

Fig. 7 The distribution of packet transmission delay

when applying to the proposed monitoring system.

IV Results and Discussion
For an ecological monitoring system, the most important
requirement is the reliability of the system. Therefore, the
proposed system was deployed at the Taiwan tea experiment
station in the Wenshan District located at 121 degrees east
longitude and 24.5 degrees north latitude to verify its

reliability. Figure 8 shows the actual settings of the system
and the location of the Wenshan area. The tea experiment
station is located in a mountain area, so the temperature and
humidity significantly vary within a day. According to the
statistics, the average monthly rainfall is more than 100
millimeters and the average relative humidity is around 78.3%.
Such weather provides a harsh test to the proposed system.
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Table 2 The successful data receiving rate of the proposed
monitoring system

Fig. 8

A photograph of the actual settings of the system and
the location of the Wenshan area

The system has continuously run for eight months, since
the system was deployed on May 5, 2009. In this study, the
reliability and the accuracy of the proposed system were
examined. The system can set different time intervals to
collect data according to the request sent by users. In our field
testing, the system collected the pest count every half an hour.
The experimental data was gathered from May 5 to Dec. 31 in
2009.
The reliability of the proposed system can be examined by
an index, i.e., the successful data receiving rate ζ is defined as

 


 100% ,


(1)

where β is the number of data packets which is recorded in the
database, and γ is the number of expected packets. The
successful data receiving rate in the experimental duration is
shown in Table 2. The successful data receiving rates in
August, September, and October were lower than those in
other months, because a number of typhoons struck Taiwan in

Time

β

γ

ζ

May 2009

1235

1248

98.9%

Jun. 2009

1410

1440

97.9%

Jul. 2009

1156

1488

77.6%

Aug. 2009

933

1488

62.6%

Sep. 2009

1122

1440

77.9%

Oct. 2009

780

1488

52.4%

Nov. 2009

1236

1440

85.8%

Dec. 2009

1038

1488

69.7%

included in the accuracy test. The majority of counting
accuracies reached 80%, and some even exceeded 90%.
Figure 9 shows the result of a linear regression analysis of
the pest counting using the data from the proposed monitoring
system. We use the date from May 5 to Sep. 30 in 2009, and
manual counting is carried out two times every week. Each
dot in the Fig. 9 indicates the manual counting and the system
counting with reference to the abscissa and the ordinate,
respectively. The slope of the regression line indicates the
association between manual counting and system counting of
the monitoring system, and R2 represents the fraction of the
total variance of system counting that is explained by the
variation in manual counting. The analysis result shows that
the counting numbers of pests obtained by manual
observation and monitoring system are greatly related.
Table 3 The counting accuracy of the proposed pest
monitoring system

these months. The heavy rain shower and strong winds
damaged the system, and the bad weather also prevented the

Time*

Mc

Sc

α

system from acquiring sufficient power supply by the solar

May 2009

17

22

71%

panels. Thus, the poor weather conditions caused some

Jun. 2009

57

57

100%

sensing data being lost or generating error data during the

Jul. 2009

30

32

93%

testing period.

Aug. 2009

1

1

100%

In order to evaluate the accuracy of the proposed system,

Sep. 2009

2

2

100%

the numbers of the pest measured by the system were

Nov. 2009

9

10

89%

compared to those counted manually. The inaccuracy of the

*The pest data is not available in Oct. and Dec. 2009 due to

system is based on the error between manual counting and

the low temperature and high rainfall in the Wenshan area.

system counting. Equation (2), which represents the accuracy
of the system, is shown as follows:
| M  Sc |
 1 c
,
Mc

(2)

where α is the counting accuracy of the system, Mc is the
number of the pests by manual counting, and Sc is the number
of the pests by system counting. The result is shown in Table
3. First, some data was removed when the number of pests
was zero. A total of 20 complete sets of the data were

Fig. 9 The linear regression analysis of the pest counting
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V Summary and Conclusions
This study has developed a real-time automatic monitoring
system for Spodoptera litura. The system uses the chips that
consume less power and equips with solar panel modules and
rechargeable batteries to achieve the goal of long-term
monitoring. Furthermore, the system can be applied to
monitor the population density of Spodoptera litura and
collect environmental parameters in the field. The GSM
transmission techniques enable this system to engage in
long-distance data transmission, so the system can be
deployed to the areas hard to reach. In addition, the
accumulated data from long-term monitoring could be useful
references and tools for comprehensive pest management.
More importantly, the system can effectively reduce the
resource required by traditional monitoring methods and
improve the effectiveness of existing pest control schemes.

Acknowledgement

Japan:

elab

experience.

2010.

Field

Server.

Available

at:

http://www.elab-experience.com/. Accessed: 5/27/2010.
Jiang, J.A., C. L. Tseng, F.M. Lu, E. C. Yang, Z. S. Wu, C. P. Chen, S.
H. Lin, K. C. Lin and C. S. Liao. 2008. A GSM-based remote
wireless automatic monitoring system for field information: A case
study for ecological monitoring of the oriental fruit fly, Bactrocera
dorsalis (Hendel). Computers and Electronics in Agriculture 62(2):
243-259.
Lin, K. C., Z. S. Wu, J. S. Liao, S. H. Lin, J. P. Chen, C. L. Tseng, F.
M. Lu and J. A. Jiang. 2006. Design and implementation of the
automatic trap for oriental fruit fly. In Proc. of the 3rd International
Symposium on Machinery and Mechatronics for Agriculture and
Bio-systems Engineering (ISMAB2006) (CD), 602-609. Seoul,
Korea, 23-25 November.
Li, L., M. X. Shen and C. X. Guo. 2008. Design of Mobile Farmland
Information Monitoring Terminal Based on GPS and Embedded
GIS

Technology.

Industrial

Electronics

and

Applications,

2173-2177, Singapore, 3-5 June.

The authors are deeply grateful to Melissa Lee for her great

Marenco, R. J., R. E. Foster, and C. A. Sanchez. 1992. Sweet corn

help in English revision. The authors are grateful for the

response to fall armyworm (Lepidoptera: Noctuidae)

financial support from the President of National Taiwan

damage during vegetative growth. Journal of Economic

University under the contract no.: 98R0529-2. This work was

Entomology 85: 1285-1292.

also supported in part by the National Science Council,

Riley, J. R. 1993. Flying insects in the field. In Proc. Video

Taiwan, under the financial contract no.: NSC 98-2218-

Techniques in Animal Ecology and Behaviour, 1-15. Wratten, S.D.,

E-002-039. Finally, the authors would like to thank the

31 December.

Council of Agriculture of the Executive Yuan, Taiwan, for

Riley, J. R. and A. D. Smith. 2002. Design considerations for a

their financial supporting under the contracts no.: 98AS-

harmonic radar to investigate the flight of insects at low altitude.

6.1.5-FD-Z1, 99AS-6.1.4-FD-Z1, and 99AS-9.2.1-BQ-B2(4).
References
Armes, N. J., J. A. Wightman, D. R. Jadhav and G. V. Ranga Rao.
1997. Status of Insecticide Resistance in Spodoptera litura in
Andhra Pradesh, India. Pesticide Science 50(3): 240-248.
Capinera, J.L. 1999. Fall Armyworm, Spodoptera frugiperda (J.E.
Smith) (Insecta: Lepidoptera: Noctuidae). University of Florida
IFAS Extension. EENY-098.
Eckmann, R. 1998. Allocation of echo integrator output to small
larval insect (Chaoborus sp.) and medium-sized (juvenile fish)
targets. Fisheries Research 35(1-2): 107-113.
Hedin, J. and T. Ranius. 2002. Using radio telemetry to study
dispersal of the beetle Osmoderma eremite an inhabitant of tree
hollows. Computers and Electronics in Agriculture 35(2-3):
171-180.
Hendricks, D. E. 1989. Development of an electric system
fordetecting Heliothis sp. moths (Lepidoptera: Noctuidae) and
transferring incident information from the field to a computer.
Journal of Economic Entomology 82(2): 672-684.
Hurlbert, I. A. R. and J. French. 2001. The accuracy of GPS for
wildlife telemetry and habitat mapping. Journal of Applied Ecology
38(4): 869-878.

Computers and Electronics in Agriculture 35(2-3): 151-169.
Taiwan: Taiwan HARVEST. 2010. HARVEST Farm Magazine.
Available at: http://www.havest.org.tw/. Accessed: 03/02/2010 (in
Chinese).
Temuku, F. F., D. Karnawati, K. Sassa, H. Fukuoka, and K. Honda.
2008. Development of Landslide Monitoring and Early Warning
System in Indonesia. In Proc. of the 1st World Landslide Forum,
Tokyo, Japan, 18-21 November.
USA: Texas Instruments. 2009. MSP430 16-bit Ultra-Low Power
MCUs.

Available

at:

http://focus.ti.com/mcu/docs/mcuprodo

verview.tsp?sectionId=95&tabId=140&familyId=342.

Accessed:

10/02/2009.
Wu, W. Z., J. Z. Chen, X. F. Xiao, Y. R. Dong, W. H. Chi, Y. J. Xu, S.
R. Fang, H. J. Zou. 2002. Detection of Bactrocera dorsalis
(Hendel). In Proc. of the Symposium of Insect Ecology and
Tephritid Fruit Flies, 41-45 (in Chinese).
Yang, L. Z. 1988. Mating behavior and evaluation of the effect of
communication disruption with sex pheromone on diamond back
moth, Plutella xylostella (L.). Ph.D. diss., Plant Pathology and
Microbiology Dept., National Taiwan Univ., Taiwan (in Chinese).

(Received:15. November. 2010, Accepted:13. April. 2011)

