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Table. 1. Comparison of common specifications of various wireless networks (Young & Young 2007)

Type 2.5G 3G ZigBee Wi-Fi Wi-MAX
International  GPRS CDMA2000 IEEES02.15.4 IEEES02.11a TEEES02.16d (fixed)
standard ~ CDMA TD-SCDMA IEEE802.11b IEEE802.16¢ (Mobile)
GSM WCDMA IEEE802.11g
TDMA IEEER02.11n

Transmission
speed

Transmission
distance

Feature

Defect

Establishment
cost

115-384 Kbps

Average transmis-
sion radius:
0.5-5 km

Digital voice
transmission
Peer-to-Peer (P2P)

Point-to-Multi-
point (P2MP)

Multimedia mes-
saging service
(MMS)

Narrow transmis-
sion bandwidth
and need cell
phone number

low

144 Kbps—2 Mbps

Average transmis-
sion radius:
0.5-5 km

Provide videophone

Real-time video/
audio

Mobile TV services

Bandwidth limit
to base station
coverage

middle

20-250 Kbps

100-300 m

Low power re-
quirement

Support large
network nodes

Many kinds of net-

work topologies

Narrow transmis-
sion bandwidth

low

11-54 Mbps

Indoor: 32 m
Outdoor: 95 m

Low establishment
cost

High speed
transmission for
short distance

Signal sensitive
to terrain and
environmental

middle

10-70 Mbps

Optimal distance 1-10 km,
far to 30 km

None line of sight
(NLOS)& line of sight
(LOS)wireless technol-
ogy transports long
distance

Cover large frequency

High transmission rate

which wasn’t easily ef-
fected by varied terrain

High establishment cost

high
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Fig. 1. A diagram showing the framework of network system in this study.
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2. ARHFFEEER R SRR R R - (A) RS 5 (B) LS BAHHIRA 5 (C) THRERT 5 (D) ik
srat s (B) Bimat 5 (F) HPIRGECERES 5 (G) BUEREROskas 5 (H) BEMAMIRE R -
Fig. 2. Various sensors used in the wireless sensor network at experimental sites in this study. (A) Weather station;

(B) Eddy flux detection system; (C) Soil temperature; (D) Soil moisture; (E) Lysimeter; (F) Video recorder of plant
growth; (G) Digital audio recorder; (H) Portable image detection system.
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Table. 2. Kind and quantity of sensors established at the experimental sites of Chi-Ko, Yun-Lin, and Chia-Yi research
sites

Chi-Ko Yuin-Lin Chia-Yi

Sensors SA” CA SA CA NE CA
Weather station 1 1 1
Eddy flux detection system 1 0 0
Soil temperature 1 1 1 0 1 1
Soil moisture 2 1 1 0 2
Lysimeter 1 1 4 4 2

2 1 0

Video recorder of plant growth

Digital audio recorder Total quantity 6, according to studies by randomly placed in each site

Portable image detection system Total quantity 2, according to studies by randomly placed in each site

“NE: Nature Agro-ecosystem; CA: Conventional Agro-ecosystem; SA: Sustainable Agro-ecosystem.
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Fig. 3. A wireless sensor network established at Chi-Ko branch farm.
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Fig. 4. A wireless sensor network established at Yuin-Lin branch farm.
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Fig. 5. A wireless sensor network established at Chia-Yi branch farm.
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Fig. 6. A website showing the real time and history data of various sensors (A—H) installed in the wireless sensor net-
work. (A) Sensors operation status chart; (B) Real-time weather information; (C) Real-time eddy flux data; (D) Soil
temperature, moisture history data; (E) Soil temperature, moisture chart; (F) Lysimeter history data; (G) Lysimeter
leaching chart; (H) Real-time video recorder of plant growth.
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Fig. 7. Comparison of integrity of leaching data collected before (in 2008) and after (in 2010) establishing the wire-

less sensor system at Yuin-Lin branch farm.
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Cyberinfrastructure for Long-Term Ecological Research on

Agricultural Ecosystem'

Yueh-Kuei Chan®, Chi-Ling Chen™'’, Hong-Shu Wu’, Chin-Ching Lin*, Ping-Chun
Lucy Hou®, Ming-Hwi Yao®, Jen-Kuan Shii’, Chien-Wen Chen®, and Chau-Chin Lin’

Abstract

Chan, Y. K., C. L. Chen, H. S. Wu, C. C. Lin, P. C. L. Hou, M. H. Yao, J. K. Shii, C. W. Chen, and C. C. Lin. 2012.
Cyberinfrastructure for long-term ecological research on agricultural ecosystem. J. Taiwan Agric. Res. 61:269-284.

Extensive collection and comprehensive analysis of environmental and ecological data are impor-
tant in understanding ecological phenomena in agricultural ecosystems. The objective of this study
was to explore the potential of establishing wireless sensor network (WSN) for collection of environ-
mental and ecological data at three field research sites in Taiwan based on the new methodology of
eco-informatics. The WSN system was installed at the lychee orchard and Chi-Ko Branch Farm in the
Chiayi Agicultural Experiment Station (CAES) of the Taiwan Agricultural Research Institute (TARI)
and the Yuinlin Branch Station of the Tainan District Agricultural Research and Extension Station.
The sensors such as thermal, visual, infrared, and acoustic with high sensitivity for collection of envi-
ronmental data were installed in each site to monitor a wide range of ambient conditions and ecologi-
cal complexities, including meteorological phenomena, eddy fluxes, nitrogen leaching, crop growth,
and ecological soundscape. Data collected from the three experimental sites were sent to the database
server at TARI for analysis by researchers. Results showed that the establishment of WSN improved
accuracy and quality of environmental data collected from the three sites as the normal operation of
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sensors could be maintained by instant detection of problems derived from sensors. The format of
data collected in this study was based on the Ecological Metadata Language (EML), which is in com-
mon use among researchers in the field of ecological studies and, therefore, the data stored in the data-

base server are readily access by internet.

Key words: Agricultural ecosystem, Long-term ecological research (LTER), Wireless sensing net-
work (WSN), Ecoinformatics, Ecological metadata language (EML).
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