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DIGITAL COMPARISON AND CORRELATION TECHNIQUES
OF REMOTE SENSING IMAGES WITH DIFFERING SPATIAL RESOLUTIONS

V. Cappellini, R. Carli

Dipartimento di Ingegneria Elettronica,
Florence University and IROE - C.N.R.
Florence, ltaly

ABSTRACT

Some digital techniques are proposed to compare
and correlate remote sensing images having diffe-
rent space resclution. To compare high space reso-
lution images with other images having lower re-
solution, a procedure is presented based on the
use of a suitable low-pass digital filtering ap-
plied to the high resclution image and subsequent
data reduction to obtain an image comparabie with
the lower resolution ome. To pass from low space
Tesolution images to higher resolution ones, two
"estimation' techniques are proposed: spectral
extrapolation performed on the space frequency
spectrumn of the low resolution image; approximated
Shannon interpolation performed on the low resolu-
tion image, followed by 're-sampling” procedure.
Some practical examples are given, regarding LAND-
SAT and SEASAT images.

Keywords: Digital Processing Techniques, Remote
Sensing Tmuges, Comparisom and Correlation, Diffe-
rent Space Resolution.

1. INTRODUCTION

Remote sensing data, as received from earth resour
ce satellites or obtained through analog-to-digi-
tal conversion of aircraft photos, are to be pro-
cessed by means of suitable digital techniques to
correct the data, to improve their quality, to per
form a clear ”1nterpretat10n” and to obtain final™
useful results.

An important practical problem in processing the
above remote sensing data is represented by the
need (more often emerging) of comparing and corre-
lating images and maps obtained from different sen
sors, in particular at different height or with
different grownd space resclution. Some typical
examples on this line are represented by: aircraft
photos (high ground space definition in the order
of 1 meter or less); LANDSAT images and SEASAT ima-
ges (medium ground space definition in the order
of 30-80 meters); HOMM or METEOSAT maps (low and
very low ground space definition).

In the following some digital techniques are pro-
posed to campare and correlate different sensor
images and maps as above, passing from high to lo-
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wer resolution or definition and viceversa.

2. TECHNIQUES TO COMPARE HIGH RESOLUTION
IMAGES WITH LOWER RESOLUTION ONES

Let us consider two images, fl(nl,nz} and fz(nl,nzj

in digital form, the first with high grownd space
resolution cr definition and a space sampling in-
terval Xl {distance at ground corresponding to the

extension of one "'pixel'' aleng the crthogonal x-v
axes), the second with lower ground space resolu-
tion and a sampling interval XX Practically, if

m=(X2/X1), to one pixel of the image fz{nl,nz) cor-
respond m~ pixels of the image fl{nl,nz).

Several approaches can be used tc obtain from high
definition image fl[nl,nz) an image gl(ni,nz), ha-

ving the space sampling interval X
of the lower definition image.

5 equal to that

A first simple technique corresponds to evaluate
gl(nl,n,) data as the usual average of fl(nl’nz)

data, that is (with m odd)

i
gl (nlyn') - 2

_le_
e

The gl(nl,nzl image obtained in this way represents

f1[“1'k1’“z'k3) (1)

a rough "smoothed” version of the original high de-
finition image fl(nl,nj).

A second more refined approach consists in evalua-
ting gl(nl,nz) data as a "weighted" average of

fl(nl'HZ) data, that is

1

g (ny,n,) = § _ E w{kl,k )£ (ng=k;,n,7k,)
k=Tt =l
17777 %273 )

The weights w(kl,kz) in the above relation define
the fom of ''smoothing” operation which is performed

Proc: Integrated Approaches in Remoty Sensing — Guild ford UK - 8-11 Aprit 1984 (ESA 5P-214 Aug. 1984).
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on the fl(nl,nz) data: it is easy to verify, for
instance, that with w(kl,k2)=(1/m2) the relation

(2) is equivalent to the relation (1). It can appe-
ar reasonable to give, in general, a greater weight
to the central pixels of the m.m sub-image of
f,{ny,n;) image with respect to the peripheral

ones: to this purpose one solution corresponds to
use a linear weighting resulting into a conical

{or pyramidal) function in the 2-D domain; ancther
solution consists in using a Gaussian weighting
function {the 2-D function can be easily cbtained
through the circular rotation of 1-D Gaussian func-
tion).

The above described techniques perform a ''smoo-
thing" operation on the high definition image
fl(nl,nz} in a "heuristic' way to obtain the image

gl(nl,nz} to be compared and correlated with the
lower definition image fz(nl,nz). A more rigorous

and precise digital technique, we have recently
proposed and defined (Ref. 1-2), is based on the
use of a 2-D digital filter of low-pass type with
circular symmetry (Ref. 3). A digital filter of
this type can be in general defined by the folle-
wing relation

N}-l Nz-l
gltnl’nz) = Z_ Z_ a(kl’kz)fl(nl—kl’nz_kz} -
kl-O k2—0
M,-1 M,-1
—i i b(i,,i,)g, (n,-i ,n-i )}
il=0 i2=0 177272171 "1z 2

where a(kl,kz) and b(il,iz) are the coefficients

defining the digital filter frequency response and
Nl,Nz,Ml,M2 are suitable positive integers. If in

the relation (3) all b(i,,i,) coefficients are ze-
ro, the 2-D digital filtér © is called of non-re-
cursive type or FIR digital filter {having a fini-
te impulse response), otherwise it is called of
recursive type or IIR digital filter (having an
infinite impulse response).

There are several methods to design 2-D FIR or IIR
digital filters (in particular of low-pass type
with circular symmetry): & useful method to design
FIR digital filters corresponds to the use of sui-
table "window" functions defining the final expres
sion of the a(kl,kz) coefficients; an interesting

and efficient method to design IIR digital filters
is based on transformations of the squared magnitu
de function of 1-D digital filter to 2-D domain
and decomposition in four stable digital filters
(Ref. 3). An example of a 2-D IIR digital filter
of this last type, requiring in overall 38 inde-
pendent coefficients, is shown in Figure 1.

The precise steps of this digital technique, using
a 2-D digital filter of low-pass type with circu-
lar symmetry, are the following ones:
- to perform a low-pass, circular symmetry, 2-D
digital filtering, as expressed by the relation
(3), with a cutoff frequency 6&/(2ﬂ)=1/(2X2),

obtaining the filtered image gl(nl,an;
- to reduce or ''decimate' the obtained data

Figure 1. Example of frequency response of a 2-D
1IR digital filter of low-pass type
with circular symmetry.

gl(nl,nz) up to a space sampling interval equal
to X,, that is to obtain the image (in digital
form) gz(nl ,n2)=g1(n1X2 ’nzxz) .

The above digital operations indeed take out from
the 2-D spectrun of the high definition image
fl(nl,nzj the space frequency components greater

than mC/(Zﬂ), giving therefore an image which is

directly comparable - for what regards the space
definition or resolution - to the lower definition
image fz(nl,nz). The two digital images gz(nl,nz)

and fz(nl,nz) result actually to have gray level

variations in the different space directions with
the same maximm angular space frequency.

It is interesting to observe that the 2-D digital
filter used in this last rigorous and precise di-
gital technique includes, as indeed particular ca-
ses, the digital operators defined in the rela-
tions (1) and (2): the first is obtained by the
relation (3), by setting b(il,i2)=0 and a(kl,k2)=

=(1/m2); the second is resulting by setting
b(il,i2)=0 and a[kl,k2)=w(k1,k2).

3. TECHNIQUES TO COMPARE LOW RESOLUTION
IMAGES WITH HIGHER RESOLUTION ONES

From an information point of view, this situation
represents a much more difficult problem than the
previously considered one, due to the fact that
now we try to define, or better to "estimate", a
higher resclution image from an image having lo-
wer resolution. In general, it is not possible to
solve this problem in a rigorous or precise way,
but useful "estimations™ or "approximaticns' can
be obtained: two techniques are described in the
following.

A first technique corresponds to use the Shannon
interpelation (Ref. 3), according to the follo-
wing steps:

- to perform a truncated Shannon interpolation
on the low resolution image fz(nl,nzj to ob-
tain a continuous image f2(x,y);

- to perform a "'re-sampling” of the image fz(x,y)
with a space sampling interval equal to
X1 obtaining the sampled image gz(nl,nz} ha-
ving the same space resclution or definition
as the image fl(nl,nz).

In practice the two above operations can be per-
formed through a single digital operaticn, corre-
sponding to use the truncated Shannon interpola-
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tion in which the continuous {sinc} functions are
sampled with a space interval equal to Xl.

A second technique is based on "'spectral extrapola-
tion" procedures. Due to the fact that the low re-
solution image fz(nl,nz) has a limited spectrum
extension (the maximmm space frequency being any-
wise limited to the value 1/ (ZXZ)), these procedu-

res try to extrapelate this spectrum, extending it
to higher space frequencies. To this purpose, ex-
trapolation relations of first, second or higher
order can bu used: in a simpler way thesc relations
can be applied in 1-D form along the two space fre-
quency axes; in a more rigorous way the extrapola-
tion is applied in 2-D form.

3. CONSIDERATIONS FOR THE PRACTICAL USE
OF THE DESCRIBED TECHNIQUES AND SOME
EXAMPLES OF APPLICATION

The above described digital techniques can be prac-
tically used to compare and correlate different
sensor images and maps, passing from high to lower
resolution or definition and viceversa.

As already observed, the first techniques (from
high to lower resolution) solve in a good way the
problem, due to the fact that sufficient informa-
tion is available in the high resolution image

f1 (nl,nz) to obtain the £ (nl,nz) image to be com-

pared with fz (nl,nz) one. The techniques with the

relations (1) and (2) are very simple and fast;
the techniques with the procedure using a 2-D low-
-pass digital filter are little more complex but
have higher efficiency.

The second techniques (from low to higher reselu-
tion) represent only an "attempt" to solve a very
difficult problem, due to the lack of sufficient

information in the low resolution image f2 (nl,nz).

The Shannon interpolation technique is of more ge-
neval use for amy kind of fz(nl,nz) image, while

the spectral extrapolation technique can be more
useful when the value of the m "scaling factor" is
relatively small or some 'a-priori" infomation is
available on the spectrum of the fz(nl,nz) image.

For the practical application of the above digital
techniques some other important operations are

to be performed, due essentially to the fact that
the two images fl(nl,nz) and fz(nl,nz) have been

obtained by sensors aboard space vehicles (aircraft
or satellite} at different space position (diffe-
rent coordinates and angles of view): geometrical
corrections and rotations with change of the point
of view are therefore in general required (Ref. 4}.

As typical examples, the application of some of
the above techniques to LANDSAT C images (X7=80m)
and SEASAT images (X;=30m) is presented in

the following, regarding a costal region in the
South Italy (Sele river in Campania}.

Figure 2 shows the SEASAT-SAR image (256x256),
while Figure 3 shows the LANDSAT image (256x256).
Figure 4 reports the result of the 2-D digital fi]l
tering (low-pass type, circular symmetry) of the
SEASAT image (according to the above theory). Fi-
gure 5 shows the two final images obtained: at
left is the LANDSAT image {a part of the original

image suitably rotated,to be "'registered" with the

SEASAT image); at right is the SEASAT filtered ima-
ge already "decimated" {corresponding to gz{nl,nzj].
Figure 6 shows a simple "integration" attempt®

at left the "addition" and at right the "differen-

ce" are given of the two finally obtained images.

For what regards the second type techniques, Figu-
re 7 shows the result of Shannon interpolation ap-
plied to the LANDSAT image (arriving now at the
same space definition of the SEASAT image) suita-
bly rotated. Figure 8 shows a simple "integration’
attempt, corresponding to the "addition" of the
obtained LANDSAT map and the original SEASAT map,
while Figure 9 shows the "difference' of the two
maps.

The above examples confirm the good performance
of the proposed digital techniques for the digital
comparison and correlation of remote sensing images
having different space resclution or definition.
When the final maps, in homogeneous space sampling
format, have been obtained, several "'integration”
procedures can be applied to produce maps having
"higher'" information centent for specific utiliza-
tions of remote sensing data (the simple addition
or difference integration here shown is only a
part of the many integration possibilities).
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Figure 2.

Figure 3.
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SEASAT-SAR image {256x256), regarding a costal region in the South Italy (Sele river in Cam-
pania.

LANDSAT image (256x256), regarding the same costal region in the South Italy as the Figure 2.
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Figure 4. Result of the 2-D digital filtering (low-pass type, circular symmetry) of the SEASAT image.

Figure 5. The two final images obtained for comparison and correlation: at left is the LANDSAT image (a
part of the original image suitably rotated to be registered with the SEASAT image); at right
is the SEASAT filtered image already decimated.

Figure 6. A simple integration test: at left the addition and at right the difference are given of the
two finally ebtained images.
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Figure 7. Result of Shannon interpolation applied to the LANDSAT image (arriving now at the same space
definition of the SEASAT image) suitably rotated.

Figure 8. A simple integration test: the addition of the obtained LANDSAT image and the original SEASAT
image is shown.
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Figure 9.

Another simple integration test: the difference of the two final images is shown.
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