
REMOTE SENSING--A POWERFUL RESEARCH TOOL
IN AGRICULTURE

The purpose of this paper is to present
a brief introduction to the use of remote
sensing for different disciplines in agricul
ture.

Remote sensing in this sense denotes
the combined use of different sensors,
data processing and communication
equipment, information theory and pro
cessing methodology.

The technology of remote sensing
determines the characteristics of physical
objects through the analysis of measure
ments taken at a distance from these
objects.

ELECTROMAGNETIC SPECTRUM -
SPECTRAL SIGNATURE

The remote sensing technology uses as
its media or carrier the electromagnetic
spectrum, or portions of it depending on
the parameter to be measured (Figure 1).

Some applications will require as a
media gamma rays or X-rays with a wave
length varying from 3 x 10"5 to 3 x
10'6/x Some applications require the
ultraviolet with a wavelength of 0.3 to 3
x 10"3M, the visible spectrum which has a
very narrow bandwidth from 0.38 to
0.72/i, or the infrared which varies from
0.7 to 300M-

In many applications it is useful to use
the microwave as a media, with a wave
length span from 1.33 x 106/x to 3 x
103/x which covers the bands of UHF
(Ultra-high frequency), SHF (Super-high
frequency) and EHF (Extra-high fre
quency). The radio communications or
ultra sonic band covers the frequencies
from 1010/x to 103jU and the audio band
covers the frequencies from 3x 1013Mto
15 x 101(V In all, the electromagnetic
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spectrum covers the wavelength from 3 x
10"6 micrometer to 3 x 107 meter. Every
object on the surface of the earth
absorbs, reflects and emits electromag
netic energy at distinctive wavelengths
and will appear at one frequency but be
undetectable at another. Each object will
have its distinct "special signature" (6),
(7), (8), (12), (14), (16), (24), (26).

AGRICULTURAL PARAMETERS

TO BE SENSED

Before discussing the techniques of
remote sensing, the parameters in agri
culture that can or need to be measured

should be determined. The objectives of
scientists in agriculture are to improve
cultivation and efficiency to enable effi
cient use of the agricultural soil, and, at
the same time, to prevent its deteriora
tion or misuse to enable farmers to grow
enough food to feed the ever growing
world population. Table I shows the
information required to do this. The
farmer will have to know how much agri
cultural land is available to him and its
use, or, in other words, land-use inven
tory. He will have to have information
about the land itself; is it suitable to
drainage and irrigation, how fertile is it
and how much water is available to his
land at what cost? During the growth
cycle he willwant to follow the condition
the crops are in, he will want to detect
diseases in its very early stage, he will

TABLE I. POSSIBLE DATA
COLLECTION BY REMOTE SENSING

TECHNOLOGY TO ENHANCE
AGRICULTURAL PRODUCTION

10.

Land - use inventory.
Soil characteristics.
Hater resources survey.

Crop condition estimates.
Detection of crop diseases and insect infestation.
Acreage estimates.

. Weather forecasting.
8. Yield/acre estimates.
9. Environment characteristics.

Ambient temperature
Incident radiant energy
Windspeed
Soil moisture
Livestock survey and behaviour studies.

want to estimate the yield of different
crops, to prepare for adequate storage,
and estimate its market value. The differ

ent environmental characteristics are

playing an important role, and the know
ledge of them is important in the
scientific research work of plant and
animal breeding and behavior studies.

REMOTE SENSING TECHNIQUE
POSSIBILITIES

Remote sensing may be achieved via:

1. Stationary ground station
— Transmission via radio or wire

— Sensor height from ground level
up to 33 meters

2. Airplanes
— Transmission via radio or

information stored on tape
— Sensor height from 500m to
75km

3. Satellites

— Transmission via radio

— Sensor height from 200km and
up

In evaluating these methods in respect
to potential use for agriculture, the fol
lowing characteristics have to be taken
into consideration:

1. image interpretation capabilities
(resolution)

2. nature of information wanted -
(information objective)

3. duration and frequency of measure
ment

4. characteristics of remote sensors in
use

The characteristics of the sensors will
determine the resolution of the system.
The type of sensors used will depend on
the application.

Using stationary ground stations, the
sensors may be photographic films or dif
ferent kinds of IR detectors. Using air
planes as platforms, the sensors will be
photographic, microwave, IR imaging or
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Figure 1. Electromagnetic spectrum, a media for remote sensing.

scanning. When the platform is a satellite,
multispectral scanners with IR, visable
and microwave detectors are used for
remote sensing.

The detectors will vary according to
the wavelength to be measured.

DETECTORS

Photography

Aerial cameras using different kinds of
films were originally developed for map
ping and reconnaissance purposes, but
these cameras can be used, and are
utilized in agriculture and forestry (Table
II).

The films usually used with this
camera are Kodachrome II, Ektachrome
Infrared Aero, Plus X black and white,
and black and white infrared. The
pictures are usually taken with four
cameras simultaneously. The cameras
have the same lens and field of view when
the shutter is triggered. Each camera uses
one of the above-mentioned films. The IR
Ektachrome film will eliminate the haze
below the film since it enhances the con
trast of the polluted area in pollution

studies of rivers, etc. Various filters with
different spectral curves may be used to
obtain information concerning the resul
tant exposure of objects with different
spectral reflectances.

The aerial photographs are affected by
the movement of the focal plane of the
camera due to the movement of the aerial
platform which introduces blurring in the
image. This is called image motion which
can be calculated (17) from

I.M = Vf_
H

where I.M

V

f

H

(1)

image motion (cm/second)
airplane velocity (cm/sec)
focal length of camera (cm)
altitude above ground (cm)

To cut down the image motion,
cameras with fast shutters should be used.
The scale at which the photographs are
taken will affect the resolution or clarity
of the image. This scale is expressed as
the ratio of image size to object size,
where the object size is that of theobject
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on the ground.

Scale =
Image size

Object size
(2)

For agricultural use the most common
scaleused is from 1: 12,000 to 1: 20,000.

Philpotts and Wallen (9) in August 27,
1969, made use of remote sensing techni
ques in their study of the identification
of bacterial blights and root rot in field
beans. From previous experience it was
found that by using a scale of 1: 3,600,
an object about the size of a bean plant
could be identified by stereoscopic view
ing in a reproduced contact print. The
Piper PA23 aircraft, which was flown at
1326 meter above sea level,was used as a
camera platform. For a sensor a Zeiss
camera with a 30 cm focal length was
used. The camera exposure was set at
1/300 second with f = 5.6 with a clear
sky and a very light haze. The film used
was Ektachrome 8443 colour infrared, in
conjunction with a yellow (Zeiss B)
filter. The various levels of bacterial
blight are shown in several bean fields
(Figure 2). The most infected field is
found in the upper right corner. Ground
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TABLE II. DETECTORS USED AS REMOTE SENSORS

Spectral region Wavelength Frequency (Hz) Detectors

Microwave

S L P Bands 10 to 100 cm 0.225 to 2.90G

K X S Bands 1 to 10 cm 0.3 to 28G
Different Radar Gears

with Scanning Antenna

W V Q K Bands 1 to 3 cm 1G to 280

Infrared

Near 0.7 to 3 F
4.3x10^ to 10^ Photomultipliers, PiN

Detectors, Photographic
Films, Vidicon Tubes

Intermediate 3 to 10 F 1014 to 3X1013 Bolometers, Indium
Antimom Mercury Doped
Germanium IR Detectors

Far 10 to 100C f
3xl0U to 3X1011 Copper Doped Germanium

Detector, Indium Antimom
Pneumatic IR Detector

Visible 7.5x1a11* to 4.3xKrvPhotographic Filjns,

surveys revealed that this area wason the
average three feet lower than the re
mainder of the field. It was also noted
that heavy morning fogs persisted longer
than in other locations. This environ
mental condition was considered the
cause of more infection in this plot. An
enlargement of this plot (Figure 3) shows
the healthy plants as red and the infected
plants as bluish.

The interpretation of the films are
mostly down with automatic photo inter
pretation instruments.

Cameras as sensors have advantages
such as light weight, superior resolution
capabilities. With cameras vegetation can
be identified by human interpreters from
normal scales, the film processing is rela
tively simple, but they have limitations
also. Their output is a photograph; there
fore, it is awkward to telemeter. Films are
limited in spectral response from 300nuu
to around lju which in turn limits its use
to daytime only. Weather condition puts
certain prohibitions on its operation for
good result; clear weather with no cloud
is required. There is a time lag between
taking the photograph and data avail
ability due to processing and interpreta
tion.

For the experiment of Philpotts and
Wallen (19) to detect diseased or physio-

Video

logically stressed crops, a real time system
with non-photographic sensors would be
more valuable since it would permit cor
rective action to be taken right away. The
non-photographic sensors, useful to
agriculture, cover the spectrum from 0.3/x
to 3000/x which include visible, infrared
and radar equipment. Therefore, the
sensors are not limited to daytime; differ
ent IR detectors (20, 22, 23, 25) "see"
day and night. Since microwave sensors
are not hindered by clouds and rain, they
can be used in all weather conditions.

Microwave

A real time remote sensing system
using a microwave sensor is illustrated in
Figure 4. When the transmitter signal is
switched by the electronic switch to the
antenna, frequencies in the GH3 region
are transmitted down to the object. The
transmitted signal is then reflected back
to the antenna. The reflected signal is
only a small proportion of the energy of
the transmitted signal and is switched to
the receiver by the electronic switch. The
synchronizing system initiates the trans
mitter as well as the display system,
which includes recording. A radar image
is shown which was taken by scientists of
University of Kansas (Figure 5). In this
test area the soil and field were kept con
stant (9). The aim was to find out the
type of agricultural environmental struc

tures the radar imagery system displays.
It may be noticed from the general pat
tern that as the agricultural crops show
up better, the radar signal return becomes
more intense. Sugarbeets stand out by
themselves whereas wheat, and bare soil
may be confused or overlapped. Radar
imagery needs much improvement to be
useable in agriculture, but is quite pro
mising especially when the remote sensing
platform is a satellite. Some of the dis
advantages in using radar imagery is its
low spatial resolution, and the need to
transmit energy to the object in order to
record an image of it.

Infrared

The most commonly used imagery at
present is the infrared (IR) (1, 13, 15,
20). IR images can be obtained with a
number of devices such as IR photo
graphic film, image tubes, and optical
scanners. The most widely used airborn
IR sensor used in remote sensing is the IR
scanner where a single element detector is
used to view small points of the total
field of view.

A block diagram of the optical head of
the Barnes Engineering Co. Model-12531
IR Scanner is shown in Figure 6. It con
tains a 4.25 inch casse-grain-type mirror
system, which provides flat spectral trans
mission in both visible and infrared
regions of the spectrum. The incoming
radiation is focused by the primary and
secondary cassegrain mirrors to an inter
mediate focal plane where a field stop is
positioned to define the systems field of
view. A chopper modulates the incoming
radiation at 1000 Hz. The radiation is
refocused by transfer optics at the front
surface of the circular variable filter.
After crossing the filter the radiant
energy is refocused by a relay lens onto a
detector. The filter wheel is motor driven.
The filter wheel can accommodate 20 dis
creet spectral filters. The field of view of
this scanner is from 2.5 to 17.45 mrad.
The spectral range with the standard
wheel is from 1.5 - 5.3/x but can be ex
tended to 14.5ju. The focused radiant
energy on the detector generates an elec
tronic signal at its output. This signal is
amplified, filtered and processed (1).

The processeddata can be recorded on
magnetic tape or strip-chart recorder, or a
real time data display can be obtained by
photographing a video display of the
spectral data. This and similar multi-
spectral scanning systems can best be
applied for remote sensing in agriculture
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REMOTE SENSING AIDS IDENTIFICATION OF BACTERIAL BLIGHT

To find the presence of bacterial blight and root rot in field beans, L. E. Philpotts
and V. R. Wallen recorded geographic patterns on Ektachrome 8443 color infrared film

by aerial photography.

Fig. 2. Color infrared

aerial photograph shows
existence of bacterial blight.

Fig. 3. Enlargement of
box in upper right of Fig. 2.
Infrared photography shows
healthy plants as red and
infected plants bluish.
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when using as a platform an airplane or a
satellite.

SATELLITE - PLATFORM

FOR REMOTE SENSING

Technological advances in remote sens
ing, data processing, and space techno
logy present an opportunity to design and
develop an improved real time agricul
tural information (statistical reporting)
service (4, 5, 27). For that purpose
National Aeronautics and Space Adminis
tration (NASA) and other United States
Federal agencies, such as the United
States Department of Agriculture
(U.S.D.A.) initiated a program called the
Earth Resources Technology Satellite
(ERTS). Extra efforts by NASA are being
made for foreign governments to partici
pate on the ERTS program. In Canada, an
Interdepartment Committee on Earth
Resources, Satellites and Airborne
Remote Sensing has been established, on
which the Canada Departmentof Agricul
ture is represented. The launch of the
initial ERTS satellite is expected to be in
late 1971 or early 1972. The satellite will Figure 4. Remote sensing system using microwave sensors.

LAND USE
GARDEN CITY, KANSAS SEPTEMBER, 1965

~P"

Figure 5. Imagery taken by radar.
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orbit the earth for at least one year,
stabilized about three axes, and at an
altitude of approximately 900 Km from
earth. This synchronism will place the sun
always at the same angle above the hori
zon making it possible to take repeated
images of the ground under identical
lighting conditions. The satellite will
sample the same 161 x 161 Km square
area on the ground every 18 days.

Real time data will be transmitted dur

ing this time to the ground stations.
Information sent back will deal mostly
with land based resources, including crop
surveys and other pertinent agricultural
data.

The satellite will carry as a sensor a
multi-spectral vidicon camera system for
three wavebands, 475-575 m/x, 580-680
miz, and 690-830 mil. It will have an
optical mechanical scanning system, or a
multi-spectral scanner, which will have
pass bands at 500-600 m/u, 600-700 miz,
700-800 m/i and 800-1100 m/X The data
from this sensor will be stored by two
10.5 MHz video tape recorders. The
information received by the various
sensors on the ground will be stored on a
separate tape. Table III summarizes the
specification of the ERTS satellite.

The satellite will relay the collected
data in electronic form through receiver
stations on earth to a central processing
center. At the center, this signal will be
converted to photographic-type images
for distribution to prospective users.

The usefulness of earth images taken
from a satellite is still being questioned.
The people involved with ERTS expect a
ground resolution of 61 to 92 meter.
Apollo 9 mission has taken earth photos
from an altitude of 2 miles which covered
about 25,000 square kilometers with a
resolution to 132 meter of an object on
the ground. This resolution is quite
limited, and for many practical applica
tions useless. Therefore, for certain
applications remote sensing using air
planes for a platform, or even stationary
ground stations, are necessary.

STATIONARY GROUND STATION -
A PLATFORM FOR REMOTE SENSING

At Engineering Research Services'
laboratories the development of a sta
tionary ground system for remote sensing
has been undertaken. The concept of the
program is to evaluate remote multi-
spectral sensing, using the measurement
of the emission and reflectance pro-
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Figure 6. Block diagram of an IR scanner.

TABLE III. SPECIFICATIONS ERTS SATELLITE

PARAMETERS OF THE NOMINAL SATELLITE ORBIT

Altitude
Inclination

Period

Distance between ascending nodes
Number of orbits per day

9Q0Km
99*
103.6 minutes

at 25.92750 Km

CHARACTERISTICS

Data rates:

Direct transmission
Recorded Data

8 pictures/minute
10 pictures/minute

Contact time with ground station 8 minute/path
Camera coverage (sidelap) 10$ atQthe equator

increasing to 42$ at 50 latitude and
70$ at 70 latitude, 10$ along flight
track every 17-21 days (18 days), effectively
decreasing with increasing latitude because
of increase in sidelap.

Sun angle:

Polar orbit (sun synchronous) with 30° sun angle at 50ONQlatitude at 9:30 a.m.
on the vernal equinox. Sun angle increases to 60 at 50 N latitude between
the equinoxes.

Vertical Stabilization:

perties, or the "spectral signature" of
crops and other agricultural products and
relate or estimate from these data the
yield of this crop. Scanning techniques
are used to determine the wavelength
band in "the electromagnetic spectrum,
where the maximum emission or reflec
tance occurs. Environmental character
istics such as windspeed, radiant energy,
ambient temperature and humidity will
also be measured and fed to a digital com

1%

puter along with the spectrophotometry
data. The computer will then calculate
the yield from the value of the input
parameters, using a programmed
equation.

Research Objectives

The objectives of this research pro
gram are to develop methods for (a)
macrophysical studies, (b) microphysical
studies, and (c) statistical data analysis of
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the properties of crops whose yield is to
be estimated.

The macrophysical studies will hope
fully solve problems such as (a) the cause
of spectral response variation in the same
variety of crop from one field to another,
(b) which band-width of the spectrum
gives the most significant results for yield
estimation, (c) the time in the growing
season when measurements (ground truth
data) must be taken and which influences
the reflectance of absorption, or the
band-width of the spectra, and (e) the
best methods for ground truth and
spectral data collection.

The microphysical studies will deter
mine (a) the relationship between leaf,
stem, kernel, or soil reflectance and mois
ture content, (b) the wavelength which
shows the greatest difference between the
moisture content of leaf, stem, ker
nel, spectra, and soil moisture spectra, (c)
how maturity, variety, species, moisture
content, pigmentation, and leaf thickness
influence the variation of reflectance of

the crop to be measured, and (d) what
effect the soil surface condition has on

the reflectance.

Statistical data analysis studies involve
the determination of (a) sensors to use,
(b) data logger required, (c)
program — software for the computer,
(d) data to be recorded and frequency,
and (e) the time in the growth cycle and
the time of the day that the measurement
should be taken, so that the spectral
responses of this measurement may be
classifed.

Work Program

(a) find a sensor coveringthe range 0.4
- 40 ju, (b) construct amplifier for record
ing, (c) construct filter drive mechanism,
(d) experimentation for reflectance in
greenhouse with a specific crop, (e) if the
experimentation results are good, simu
late the problem on an analogue com
puter to find the proper mathematical
solution, (f) simulate environmental con
dition on analogue computer and find the
effect of different parameters on reflec
tance, (g) vary different environmental
conditions in the greenhouse and measure
effect on reflectance, (h) find proper
spectral band-widths to give the best reso
lution of measurement, (i) develop and
construct interfacing equipment to digital
computer to accept reflectance and en
vironmental data, and (j) write a program
for digital computer to give yield value

KRS-5 WINDOW

ir SOURCE

RECORDER
AMPLIFIER

Figure 7. Block diagram of E.R.S. stationary ground station remote sensing technique.

DETECTING
FLEXIBLE-
MIRROR

RADIATION
-ABSORBING

FILM

INFRARED
WINDOW

Figure 8. Diagram of IR sensor.

from the environmental and reflectance
data.

Experimental stationary ground station

The concept is shown and an idea of
the preliminary work involved is
indicated in Figure 7. The instrument
consists of an IR detector with a flat

spectral response from .4/x to 40/z. The
radiant energy received by the detector is
chopped by an electromechanical chop
per to eliminate drift common to all
thermal detectors so the output signal
will be an AC signal proportional to the
analogue input signal. A filter wheel

having several interchangeable filters from
0.4 to 47ju is indexed before the window
of the IR detector. The window is made
up from Thalinium Bromiodide known
by its code name KRS-5. This window
has been chosen for its excellent trans
mission in the far infrared (60fi in 2mm
thickness and 40/xin prism thickness), for
its relative insolubility in water solutions
and for its good temperature character
istics. The detector is a pneumatic cell,
manufactured by the Eppley Laboratory
(Figure 8). The radiant energy admitted
through the KRS-5 window is absorbed
by a thin foil blackened receiver compris-
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Figure 9. Data acquisition system for
physiological data collection.

ing one end of a small gas-filled chamber.
The displacement of the mirror is small in
the order of 10"10cm. The optical system
illustrated serves to detect distortions in

the mirror. Light from the lamp reflected
by the flexible mirror is imaged into a
photocell. A line grid is applied to pro
vide modulation of the light reaching the
photocell. When the mirror is at rest the
image of one-half the grid coincides with
the other half in such a way that no light
gets to the photocell. At the expansion or
displacement of the mirror, the image
defocuses and the light energizes the
photocell.

The output of the photocell is fed to
an AC amplifier where the signal is
amplified and filtered with a narrow
active band pass filter. The output of the
amplifier is recorded in analogue form.
Work is going on digitizing this output for
computer processing. The preliminary
tests done with different varieties of

barley show promise. As of now it is pre
mature to show any results.

OTHER REMOTE SENSING

TECHNIQUES

In this paper the emphasis was mainly
on remote sensing techniques which use
as their media the IR or microwave

spectrum and the platform as an airplane
or satellite. In the Engineering Research
Service laboratories in past years data
acquisition systems has been developed to
record physiological characteristics of
plants. A telemetry transmitter and re
ceiver system measures winterhardiness
(3) and temperature from a series of trees
in orchards and relays this information to
a receiving station where the signal is pro
cessed and recorded in digital form
(Figure 9).

A remote sensing application where
the sensors are connected by wire to the
instrument is illustrated in Figure 10. The
incoming and shade energy or the visible
portion of the electromagnetic spectrum
in the region between 0.38 and 0.8 fi at
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Figure 10. Remote sensing system where the information from the sensors are

communicated via wire to the recording instruments.

eleven different wavelengths is continu
ously sensed (2). The energies of these
selected wavelengths are amplified, stored
and integrated. At the end of a growth
period of any fruit studied, the total
energy of each bandwave reaching the
fruit will be known.

SUMMARY

Remote sensing covers a large field and
many different approaches must be
studied and the most suitable technique
chosen. The main purpose of this paper is
to show possibilities of applying remote
sensing technology into agriculture.

A.B. Park, Chairman of the research
management group responsible for
defining remote sensing at U.S. De
partment of Agriculture, has stated (18)
"For agriculture and forestry each dollar
spent on remote sensing research pro
mises to return five dollars in benefit." It
seems to be a good investment.
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