Special Feature

Applying IT to Farm Fields—A Wireless

LAN

Mamoru Mizunuma!, Tadashi Katoh, and Shun-ichi Hata!™

Abstract

Asthefarm population of Japan continuesto shrink and grow more elderly, it isimportant to find ways
to increase agricultural productivity and save |abor. This article describes the deployment of awireless
LAN in farm fields and a pilot program using the LAN to map plant growth and implement greenhouse

remote control to raise productivity and save labor.

1. Increasing need to extend I T to farm fields

Farming has always depended to a great extent on
the weather and other natural forces, so the applica-
tion of information technology (IT) to farmland—
fields planted with food crops, pasturage, and so on—
has been difficult and farming has clearly lagged
behind other industries and sectorsin seeing the ben-
efits of IT. Especialy in Japan, where the agricultur-
al labor force is shrinking and aging rapidly, finding
ways to improve the productivity of the nation’s
farmland and saving labor are more imperative than
ever before. These were the main concerns inspiring
researchers to investigate how farmers might benefit
from the application of IT and computers.

Meanwhile, ordinary consumers are showing
greater concern and awareness about food-related
issues such as BSE (Bovine Spongiform
Encephal opathy, more familiarly known as mad cow
disease), thefal se or misleading labeling of food prod-
ucts, and food-safety-related issues such as residual
pesticides in food products. People are demanding
traceability for food products, involving an informa-
tiontrail all theway back to thefarm producing it. The
application of IT should prove effective here.

Motivated by these concerns, NTT Energy and Envi-
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ronment Systems Laboratories joined forces with the
Hokkaido University Agricultural Research Depart-
ment in pursuing this collaborative research project.

2. Wirelesstechnology that can be used in farm
fields

‘We recognized from the outset that it would be dif-
ficult to apply wired networks in the agricultural sec-
tor—particularly to farm fields and livestock pas-
tures—considering the high construction cost and the
disruption to farm work caused by such construction.
Instead, we opted for a wireless system, which has
much lower initial startup costs. Figure 1 shows the
range of wireless systemsthat are currently available.

Considering their great popularity in recent years
and the fact that they could be applied to farm fields,
our first inclination was to use mobile phones.
Although there are several viable systems currently
available, we concluded that the calling charges
would probably make the cost too high.

Instead, using a wireless LAN or Personal Handy-
phone Service (PHS) for the farms and fields offered
the mgjor advantages of permitting the construction of
a self-managed base station and supporting a stable
loca service. A wireless LAN solution seemed espe-
cialy appealing considering its transmission range of
several kilometers and the fact that it iswell supported
by internationa standards. Wireless LANs have aso
come into use over the last few years to support hot-
spot servicesin urban areas, and this has hel ped reduce
the cost of wirelessLAN equipment. Applying awire-
lessLAN to farm fieldsraisestheissue of how it could
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Fig. 2. Overview of experimental network system for farming.

be modified to consume less power, but we neverthe-
less concluded that awireless LAN-based network isa
key technology for applying IT to farm fields.

3. Overview of Hokkaido University'sfarm and
pasturewireless LAN system

3.1 Overview

Figure 2 shows a schematic overview of the entire
network that was constructed to support these collab-
orative trials. Wireless LANs were deployed at two
farm sites ffiliated with Hokkaido University’s Field
Science Center for Northern Biosphere: i) the Sus-
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tainable Bioproduction Experimental Farm in Sap-
poro and ii) the Shizunai Livestock Farmin Shizunai.
These LANs were then connected over the public-
switched telephone network (PSTN) to LANs on the
Hokkaido University Sapporo campus and at NTT
Energy and Environment Systems Laboratories in
Musashino and Atsugi. Various sensors and cameras
were connected to the wireless LANs deployed on the
farms to monitor the farm and pasture environments
(weather, soil, water quality, images, and so on), and
the data from these various sensors and input devices
were collected in real time. The research themes that
were investigated using this network configuration
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Fig. 3. Hokkaido University wireless network (Sapporo farm).

are listed on the left side of Fig. 2.

3.2 Field wirelessL AN configuration

Figure 3 shows the wireless network configuration
used to conduct trials at the farm in Sapporo. Base
station AO was set up in the Agriculture Department
building and connected to two fixed observation sites
B1 and B2 and one mobile observation site B3 by
way of tworelay stationsAland A2. The base station
in the school building contains the field environment
information database, including all the data collected
by the various sensors at the different observation
sites, and apublic Web server used to support the col-
laborative trials. This base station is connected over
the PSTN to the Hokkaido University LAN, the
Shizunai LAN, and the two NTT LANSs.

The various sensors—weather sensors, net
radiometers, soil sensors, sunlight sensors—and
cameras at the Onko observation site B1 and field
observation site B2 are connected to the wireless
LAN by an environmental data hub, and all the data
from the different sensors and cameras are collected
and stored in real time. The environmental datahubis
afield-ready box computer running the Linux operat-
ing system. It has two RS-232C ports, two PC card
slots (one containsan AD converter), and an Ethernet
interface. The miscellaneous sensors are connected to
thewirelessLAN (on the Ethernet side) through these
interfaces. In addition, a wireless router mounted on
a tractor serves as a mobile observation platform.
Seven wireless routers were used as nodes (connec-
tion points) interconnecting the wireless LAN.

The wireless LAN deployed at Shizunai is config-
ured in much the same way, except that a number of
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different sensors are connected to the LAN to moni-
tor chemical cycles. These additional sensorsinclude
groundwater sensors, pF (soil moisture suction force)
sensors, TDR (soil moisture content) sensors, precip-
itation sensors, water gauge sensors, and EC (electric
conductivity) sensors. The Shizunai site is also
unique in that the LAN has a self-sustaining power-
supply. This approach was taken because the pasture-
land is very extensive and it would be costly to hook
up to acommercial power source. We also wanted to
avoid any disruption to the work being done on the
farm.

3.3 Overview of the self-sustaining power-supply
system

The self-sustaining power-supply systems, which
are powered mainly by solar battery panels (approxi-
mately 200 W), were deployed at two locations at the
Shizunai site and are used to supply power to al the
sensors and other observation equipment, the envi-
ronmental data hub, and the wireless routers. Where
more power was required, we added a wind-powered
generator (certified for about 72 W). To avoid power
shortages as much as possible during the winter
months when days are short and skies are often over-
cast, we installed a switchbox so we could reduce
power to the more power-hungry sensors to the
absolute minimum required to do their jobs. In addi-
tion, we chose to use lead-acid batteries for cycle use
(permitting long-term continuous use) and designed
them to be switched over to adeep-cycle mode. These
innovations enabl e the system to operate non-stop for
several months if conditions are favorable. The next
challenge we need to address is how to make the
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Fig. 4. Wireless LAN deployment.

maintenance-related aspects of the system more eco-
nomical.

You can see the various kinds of environmental data
being measured in fields and pastures by the sensors
connected to this wireless LAN by visiting the web-
sitefor this collaborative tria. The three photographs
in Fig. 4 show the primary components of the wire-
less LAN, including a shot of the self-sustaining
power-supply system.

4. Effortstoincrease productivity and reduce
labor using thewirelessLAN

The wireless LAN is being used to investigate a
number of different themes, as listed in Fig. 2. Here
we take a closer look at two themes that are closely
related to increasing productivity and reducing |abor.

4.1 Plant growth map

The concept of precision farming has been generat-
ing enormous interest in recent years among agricul-
tural circles. Essentialy, it relatesto thefact that there
is considerable variation within a farmer’s fields:
some sites will produce excellent plant growth while
other will not; some areas will be more afflicted by
disease and harmful insects while other areas will be
relative immune. Not knowing the variation that
existsin their fields, farmers have up to now simply
blanketed them with auniform heavy dose of fertiliz-
ers and pesticides, which of course has an enormous
impact on the environment. Precision farming
enables producers to identify the variance of factors
within their fields—soil types, yields, and so on—so
they can develop site-specific management plans. By
tailoring the amount of fertilizer and pesticide to the
various conditions acrossthe field, farmers can be far
more environmentally friendly and cost-effective.

Vol.1 No.2 May 2003

Video camera ——» i

(1) Image capturing equipment

Locations of plants
in rows (m)
0 20 40 60 80 100 120 140 160

————
175 2.25 2.75 3.25 3.75

Dry weight per root (g)
(2) Typical plant map (soybeans, amount of dry product)

Fig. 5. Plant growth map.

Contributing to a precision farming approach, NTT
has made good progressin developing a non-destruc-
tive method of assessing the amount of plant growth
and amapping technique, asshown in Fig. 5. A video
camera and computer mounted on atractor automati-
cally generate a crop growth map, which is sent to a
server over the wireless LAN. For example, in the
crop growth map shown in Fig. 5(2)., red/orange indi-
cates good growth sites, while blue/green indicates
relatively poor growth. The application of supple-
mentary fertilizer can then be precisely tailored to the
requirements of plants in a specific site. This
approach improves productivity while at the same
time minimizing the adverse impact on the environ-
ment.

4.2 Rice seedling greenhouse remote control

It is obvious from the common farm wisdom in
Japan that the control and management of seedlings
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Fig. 6. Rice seedling greenhouse control.

in the cultivation of rice, despite accounting for a
small percentage of the entire process, is critically
important to the later growth and yield of rice plants
after the seedlings have been transplanted to paddies.
The problem is exacerbated as business operations
grow larger, fewer people are content to remain on
farms, and the agricultural population ages rapidly.
To solve this problem, efforts are being focused on
developing ways to automate and reduce the labor
needed to maintain rice seedling greenhouses while
improving yields and productivity.
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We have constructed a wireless LAN-based
seedling greenhouse remote control system (Fig. 6).
1t remotely checks the temperature, soil temperature,
soil moisture, and sunlight in the greenhouse every
ten minutes, and collects and analyzes basic data for
environmental changesinside the greenhouse. We are
also developing aprogram that runs on a PC and uses
this data to remotely regulate the greenhouse envi-
ronment itself. From the PC, for example, one can
open and close vinyl windows on the side of the
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greenhouse to increase or decrease ventilation and
automatically control the irrigation and watering of
the seedlings.
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