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ABSTRACT

In this paper digital techniques for image processing and automatic classifica
tion in remote sensing applications are described.Digital filters,suitable for
radar noise reduction,are first described.Some algorithms using the Bayes rule
or block distance for the autcamatic classification and discrimination of agri
cultural crops are presented.Microwave images,cbtained by employing synthetic
aperture radars and collected during the Eurcpean SAR 580 campaign,are used

to evaluate the performance of these processing algorithms.

1. INTRODUCTICN

The use of muitispectral scanners from satelllite or aircrafts is quite attrac
tive in crop classification by means of remote sensing.Very promising results
have been cbtained by using the chservations in the optical band through alti
spectral scanners.However,in order to achieve a satisfactory performance,seve
ral cbservations during the crop growth cycle are often necessary.Since these
optical cbservations are strongly affected by weather conditions,the use of
radar images can significantly improve the performance of any real method for
crop classification.Depending on the frequency and cbservation angle,radars
pemit to investigate different vegetation layers and soil surfaces under
plants and to increase the information obtained through the optical data.

At present only few investigations have been carried out in radar potential
for crop classification and discrimination problems /1/,/2/.However,also in
this case,the contribution of microwave images can be very important.

In this paper,the use of microwave images cbtained by using a Synthetic Apertu
re Radar (SAR} in remote sensing and,particularly,in agioultural applications,
is analyzed.SAR images generally require efficient pre-processing operations
in order to reduce noise and degradations.In fact,the signal-to-noise ratio

in these images is quite low and,therefore,their quality must be enhanced beio
re applaying any classification algarithm.However,the standard image pre-pro
cessing techniques which are used to enhance non—coherent optically produced
images are not suitable for SAR images,due to the coherent nature of the

radar imaging process.In this paper,same different spatial digital filters
suitable for SAR images,are first analyzed.Same different mltidimensional
algarithms for the automatic classification and discrimination of agricultural
crops are Qescribed.

The perfarmance of these classification algorithms is evaluated by using some
images collected during the Puropean SAR 580 campaign in June 1981.Microwave
SAR images in X and C bands and same images in the infrared region of the
test area are available.At the same time,the real data,directly collected
through an extensive ground survey,permit to evaluate the probability of cor
rect classification of different crops. The results show that a high perfor
mance can be achieved only by using multidimensional classifiers.
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2. DIGITAL FILYERS FOR SAR IMAGES AND CLASSIFICATION ALGORITHMS

SAR images are generally affected by a multiplicative noise,called fading,which
influnces the scattering coefficient /3/.A radar image g({i,j) of dimensions
Mxt is cotained by measuring the power reflected by the terrain as a function
of the position.Generally,a radar image is camprised of many hanogenecus areas,
each area belonging to a particular terrain feature. The reflectivity at each
point can be modeled as a stationary random process r(i,j).The fading,due to
the coherent nature of the radar process,introduces a miltiplicative noise
nii,}) in the imageithe point spread functicn h(i,j) furtherly degrades the
guality of the image.Therefore,the available image can be written as

1) gli,d = et ndi 3 i i

where * denotes the convolution operation.Equation (1) is a model for SAR ima
ges,which has been found snitable for digital processing cperations.

The noise n(i,j) is generally modeled ms a stationary,vwhite, non-Gaussian random
process with a 2 probability density function having 2m degrees of freedan,
where m is the number of independent radar returns that were averaged.

he signal-to-noise ratios in SAR images is often quite low; therefore,a digital
filtering operation is required in arder to mitigate the effect of the noise.
However,digital filters are able to reduce the maltiplicacive noise.The two
more efficient classes of digital filters for SAR images have been proposed by
Lee /47 and Frost /5/,/6/.

The Lee and Frost filters present similar characteristics : they operate in the
spatial domain,are adaptive filters and are designed by minimizing the mean
squared ergor (MMSE) . The model used for the radar image is given by equation
(1).The teim hii,}) represents the distortion introduced by the radar system
and it js independent of the data.It can be determined through the Inowledge

of the yadar characteristics and can be removed. In order toexplain the behaviour
of thesa filters,the image model is assumed as given by :

2) gli.j) = rti, 3. nlid

In the Lee filter the non-linear model (2} is replaced by an approximated linear
model. The approximated estimate g'(i,3) of the actual pixel is defined as :

(3} g'(i,3) = a r(i,i}+ b ni{i,j} +¢

where a,b, and ¢ are three conatants,defined in such a way as to minimize the
MMSE error between gli,3) and g'{i,j}. The Lee filter is an adaptive filter,ba
sed on the local statistics and camputationally efficient,but it tends to blur
the boundaries.The Frost filter characteristics of the Frost filter are similar
to those of the Lee filter,but it preserves the edge structure.

The impulse response m{i,j} of the Frost filter that provides an estimate g'(i,])

of the hm;eis:btamedbymnimizingmmermrgivenby H
. : -4
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same mathemat ical transformations, it results :
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The Bayes classifier i
operates in the followi : i
has avalue x,then it is classified in ﬂleu:;::;?yi; Lhe pixel to be classified

)]

Pli/x) = max p(i/x)
In the I
n case of a4 Gaussian digtri .
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A :

{8} D, (x}= In p(i)- 1 2
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where 1t amcl(}'.2 denot i
pl i e the mean and variance of the class i.

I yes classifier with n dimensions can be defined in a similar In thi
way.In this
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casc,a pixel is classified by using n different values X = (X X 0--eeX 1 o
which are the gray levels in the n images.The Bayes alqsrithn is cptuuurr\\ in
terms of the probability of correct classification when all the probability den
sity functions are Gaussian functions,However, it requires high-time camtation?

particularly for nyl and high m,

In many cases, it is suitable to use sub-optimm classification algorithms which
are simpler to be implemented.A commonly used method for statistical classifica
tion is the minimm distance classifier.In this algorithm,a pixel characterized
by the gray leveles x = (X, %, .co00X )18 assigned to the i-th class having the
nean vector M. nearest to x.Different algorithms can be implemented,depending on

the distance definition.

The Fuclidean classifier uses the Fuclidean distance between Mi and x defined
as 3
2 " 2
(9] d (x} = {(x.— L)
e
j=1
Another measure of distance ,called city block distance,is somet imes used in

the classification algorithms and is given by :

2 n
e afo = E lxj-'ui'j|

3. RESULTS

The image and data used in this paper were colected during the Burcpean SAR

580 campaign in June 1981.The surveyed area was located in a farm of Southern
Tuscany,called Castel di Pietra.The main crops of this typical Mediterranean
area are corn,wheat,alfa-alfa,sunflowers and olive trees.Fig.l shows a map of
the surveyed area and the crops present in the farm during the flight.About two
hours befofe the flight,a survey with an airborne multispectral scanner was car
ried out.Many real data were collected throug an extensive ground survey in the
farm before,during and after the S5AR campaign.

Images in x {24-37.5 mm) and ¢(37.5-75 mm} bands with HH polarization were re
corded during the flight.A small area of the SAR images was digitized and used
in this paper.The original X and C band images are shown in Figs.? and 1,respec
tively.Other four optical and IR images are alsc available and have been used
to facilitate the classification operation.in particular,the image shown in
Fig.d4 ,which refers to the IR band,will be used in the results presented in this
section.As it cah be seen from these figures,the signal-to-noise ratio in the
SAR image is quite low;therefare, a filtering operation mst be applied.Same
different classes of digital filters have been proved, However , the more suitable
filters are the Lee and the Frost filetrs.As an example,the image cbtained fram
the original X band of Fig.2 by applying the Frost filetr is shown in Fig.5.The
local mean and variance were computed in both cases by using a window of 5x5

pixels. .

The performance of the classification algorithms is evaluated by camputing the
probability of correct classification of each crop.This prabability is evaluated
by using the truth data directly collected during the ground survey.
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The case of on-dimensional algorithms using only a band (X or ¢ ) is first con
sidered.The probability of correct ciassification by using the Bayes rule is
given in Table 1,uhen 2 Frost filetr is used.Similar results have been cbtained
by using the band C.Fig.6 sumarizes the results obtained for the two bands and
reports the mean probability of correct classificatim.averaged on the four
crops.It can be seen that the Frost filetr permits the achjevement of a slight
improvement with respect to the Lee filter.At the same time band C gives very
poor results with resoect to the band X.

The results given by the Bayes Algorithm with two dimensions and using X and
€ band,are suwnarized in Table 2(Prost filter).The mean probability of correct
classificationis equal to 87.8 ,as shown schematically in Fig.6.Therefore, the
performance of a classifier depends significantly on its di nsions.At the sa
me time,same other data,as images in other bands or ground data,can be used to
increase the probability of correct classification.As an exampie,by using the
image in band IR shown in Fig.5,and a three-dimensional Bayes algorithm,the
probability of carrect classification is equal to 91 (Fig.6).

Two other algorithms have been considered as an alternative to the Rayes rule.
The former ,denoted in the following with Dl,uses the Euclidean distance and
the latter,denoted with DZ,the city block distance.The mean prebahility of
carrect classification is shown schematically in Fig.?.For the DI algorithm,
the probability of correct classification is egaul to Bl.97,while for the D2
algorithm is equal to Bl.9.The Bayes classifier gives a prabability equal to
87.8.Therefore,a reduction in performance is cbtained;on the other hand, the
computation time is significantly reduced.
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ABSTRACT .

The use of informations from meteorological satellites is today
extended not only to weather analysis and forecasting but also to
different application fields as oceanography, hydrology and agri-
cultural studies. Applications in agriculture, land use, CIXOp as-
sesement and similar are very useful, mainly when referred to the
developing countries of the world.

The availability of receiving & processing facilities which are
simple to use, cost-effective and transportable 1s a very impor-
tant tool for the development of those countries. For these pur-
poses a receiving & processing station has been designed and rea=
lized at the IRCE Institute to receive APT images from NOAA polar
orbiting satellites.

In this paper a description of the station is reviewed in detail
together with the operatlcnal performances. The station is easily
transportable and it allows the receiving and the digital recor=
ding of many images in sequence without, practically, any opera-
tor intervention.

1. INTRODUCTION

The NOAA series of meteorological satellites transmits images of
Earth surface in both digital HRPT {(High Resolution Picture Tran
smission) and analogical APT {Rutomatic Picture Transmission) fo-
rmats. Digital format data have a better resolution, but the APT
protocol is more easily accessible and therefore less expensive
than the digital one (1). The HRPT resolution is 1.1 km at the
subsatellite peint {nadir) amd gets about five times worse at the
end of the scan line because of the Earth curvature.

An on-board digital processor (MIRP) removes these distortions and
it gives an image with a nominal spatial resolution of about 4 km
along each line. The processed image ig transmitted using the APT
format. Table 1 summarizes the APT signal characteristics.

carrier freguency 137.50 MHz 137.62 MH2
Carrier polarization right circular (RHCP)
Carrier modulation analogic FM

Carrier deviation +/- 17 KHz

EIRP (63* from nadir) 37.2 d4Bm nominal

Antenna gain -0.5 dPi (63* from nadir)

Transm./antenna atten.
Transmitter power
Subcarrier freguency
Subcarrier modulation
Line frequency

Line syncronization

Spatial resolution

2.4 4B

37.0 dBm min.

2.4 ¥Hz DSB

analogic AM

120 per minute

7 pulsee at 1040 pps.
{50% duty cycle ch. A}
7 pulses at 882 pps.
{60% duty cycle ch. B}
4 km .

table 1 - NOAA/APT signal characteristics
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tive measurements for appl

he lower resolution the easiness of the reception

hat the APT data offer good-quality guantita-
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iniiresting the design of a NOAA/APT receiving station which is

cost-effective, easily transportable and easy to use also for a

Tt has been proved t

non-experienced operator.
Next sections describe the recelving & processing station desigr

ed and realized at the IROCE Institute.
2. STATION STRUCTURE

am of the develo ed IROE receiving gystem is shown
?nb;::f ?%ag;e RF signal is rzceived by an omnidirectional cir;u-
lar polarization antenna. The RF low-level noise preamplifier is
just after the antenna. Then a telemetry VHF recelver realizeAa
first down-conversion with an external generator as Local Oscil-
lator (LO) and & second down-conversion with an internal LO. The
receiver performs also the freguency demodulation of the signal.
The resulting 2.4 KHz AM modulated subcarrier 1s the input of an
APT demodulator realized at the IROE Institute. Finally the sig-
pal is digitally converted and stored on magnetic tapes.
The images can be alsc displayed on-line on a TV monitor.
Some characteristics of the receiving system components are de-

scribed in detail.

J ) VI BLAL-TING 4PT WDAR
' . AICLIVER AND ACQUISTTION
[
OoiH1 ARG TIRNAL
ANTENNA
fross Al
el wcerens (SR wr COMIRTER
‘nu ‘
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[ ittt ﬁﬂuv. o, wonitoh
il
sromation S10nA 1 WFRAM IR TIOM
WODULATION 1| i/ qmr —_— ::2 1:“
BASELINE BAHDMIGTM © 2 KMa DISPLAY T sc.

Fig. 1. Block diagram of the IROE receiving station
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- Antenna

The RF ground power level of the satell

cmnidirectional antennas with 1ow-1eve11;21:13::1w?ti::: t:tuiY
te tracking. 56 an elicoidal antenna has been designed an: re Ji:
zed to receive NOAR/APT signals with a right circular olariean
tion (3). The lobe width is about 160° (-3 dB points) 51 h g
uimum gain of about 3 dBi at the zenith. e
The antenna should be placed in a free horizon place, or as high

as possible in urban areas, in ord
er to mi
ne. The antenna 18 shown 1; Fig. 2. nimize local reflectior

= Antenna BF preamplifier

The antenna preamplifier is com
posed by two RF sta
pasg filter. The main characteristics are: ges and & bami

Frequency band 135.5 ~ 138.5 MHz
Gain 25 dB min.
Noise figure 4.0 4R max.
1/0 impedance 500 nom.
~ Receiver

: telemetry recelver is used to receive the VHF signals with a
Ro?gigpdo;n~02:version. The recelver nsed is a Nems Clarke mod
- - For e APT 137.5 or 137.62 ch n
1o the Foliewime: channels the configuration
RE Head : Nems Clarke mod. RFT-100A

Frequency band 135 - 155 MHz
Gain 30 dB
Noise figure 4.5 dB
Image rejection 260 4B
IF rejection >80 dB

First LO {external) 167.50 - 167.62 MHz

Band pass filter & IF Demodulator : Nems Clarke mod. PLD-105A (FM)
Filter frequency 10.035 MAz
- bandwidth S0 KHz {(+/- 10% at
-3 dB point
Demed. type ) Phase lock F !
" distorsion 2% max.
sup. cut fr. 12.5 KHz +/- 20%

The receiver works in Automatic Gain Contrel (AGC)
= Video signal demodulator {4)

This designed device performs the demodulation of the recéiver
output,. It isa video signal AM modulated on a 2400 Hz subcarri .
The main components (in sequence) of the demodulator are: =
Low-pass filter freq. 4000 Hz )
High-pass - " 700 H2
Phase shift network
Double balanced mod.
Final low-pase filter 2000 Hz

The cutput is the modulating signal (0 - 1700 Hz}
With & sultable circuitry the Start of Frame (50F) signal is de-
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tected and a flag allows the computer to begin correctly the ac-
guisition,

- A/D Conversion
All the system is computer controiled in order to perform the A/MD
conversion , the image syncronization and finally the digital re-

cording on magnetic tapes.
An A/D converter HP mod. 5610A {resolution 10 bit) is used toge-
ther with a parallel interface between the A/D converter and the
computer.

- Computer and peripherals
The central computer unit is a mini-computerHr 1000 (16 bit word)
with some typlcal peripherals as monitor, printer, disk, magnetic

tape unit etc. Some other types of mini or personal computer co-
uld be used in order to drive the recelving system.

3. OPERATIONAL PERFORMANCES

The operational performances of the system include, as already
mentioned, the reception and the data processing of the NOAR/APT
images tegether with the A/D conversion and the digital recording
A suitable software package has been implemented on the computer
(normally in assembler language) to perform all the preceding ac—
tions. Practically the operator has to define only the acguisi-
tion start times. These values of time can be computec by & suita-
ble off-line routine which knows both the geographical location
of the station and the orbital characteristics of the spacecraft.
More complex processing operations can be per formed off-line on
the stored images using a vDS-701 pictorial memory unit connected
to the computer. The developed software package includes the fol-
lowing papcessing:

- Image calibkation (5)

- Digital filtering to enhance the recelived images or to reduce
noise effects (6)

- Digital comparison and correlation among images received from
differents bands (multispectral analysis) or at differents hou-
rs {(multitemporal analysis)

_ Pattern Recognition techniques to extract and recognize Earth
regions having specific interesting properties.

Fig. 3a shows a NOAA/APT image in the near—infrared band {€.725-
1.1 pm), received on May 13, 1985 at 13.27 GMT. Fig. 3b represem
te the corresponding thermal jnfrared band image.

Fig. 4b shows the result obtained processing the original image
(Fig. 4a) with a suitable "extremal median filtering™ technique,

in order to remove unwanted nolse spikes.

4. CONCLUSIORS
A station for the NOAA/APT image reception, acquisition and pro-
cessing is described. Among the other characteristics of the sta-
tion the low-cost, the transportability, the automation of the
procedures {which are completely computer centrelled} and the ea-
siness of the use have been underlined.
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These and other performances, as many post-processing features,
allow to use the station in many application field and not only
in meteorology. For example the use of such stations could be a
very important tool in agronomic studies, particularly in the de-
veloping countries.
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Fig. 2 Omnidirectional VHF antenna
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Fig. 3b Thermal infrared band

Fig. 3a Near infrared band
image as Fig. 3a

image received on
May, 13, 1985

wir v e e« 1ROE-CNE

Fig. 4a Near infrared band Fig. 4b Processing output of
original image the image of Fig. 4a
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