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ABSTRACT

Two decorrelation stretch techniques called Direct Decorrelation Stretch (DDS) and Intensity
Conservation DDS (ICDDS) have been recommended for applications on highly correlated multispectral
images. This work examines the approaches of DDS and ICDDS in more details and seeks to clarity some
apparent misconceptions in saturation stretching. To describe the misconceptions, an IHS substitution (IHSS)
technique is proposed. For saturation stretching or image fusion, the fact that the product of saturation value
and intensity value equals to a constant value, the hue is unchanged and the saturation value of a pixel is
inversely proportional to its intensity value. This fact is crucial to be considered in designing the algorithms.
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I. INTRODUCTION

Multispectral image bands are often highly
correlated, i.e. they are visually and numerically
similar to each other. Therefore, they often cannot
be adequately displayed by independent contrast
stretching in the displays of RGB bands. The colors
in a RGB image, after a direct contrast stretch for
those three bands, may still appear undersaturated.
To overcome this problem, the decorrelation stretch
techniques, called Direct Decorrelation Stretch
(DDS), has been presented in [1] which is a form of

decorrelation stretching that increases color
saturation by reducing the achromatic component
of the RGB image. Furhtermore, Intensity

Conservation DDS (ICDDS) was also proposed
which is similar to DDS, but may preserve the
original RGB image intensity more than DDS [1].
These two techniques can be used to directly adjust
the saturation component in the RGB space without
any coordinate transformation. However, the
formula for the DDS listed in (Liu and Moore 1996)
has an apparent misconception and can not work
well, because the saturation value of the original
RGB image should be changed, but it has been
preserved. For the method of ICDDS, despite of the
fact that ICDDS
saturation stretching (Liu and Moore 1996), but

1s an efficient method for

since it is derived from DDS that has an apparent
misconception, the resulted efficiency should be
achieved by coincidence. The detailed description
is shown in Section 3. In this work, we present a
relatively detailed study indicating that the DDS
technique is an intrinsic IHS substitution (IHSS)
method. Also, RGB-IHS
transformations, the problem of saturation stretch in
DDS is addressed.

II. THE RGB-IHS CONVERSION

through  two
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MODELS

To understand the problem of saturation
stretch in DDS, it is necessary to review two
essential and
models [2]. The first RGB-IHS conversion system

is a linear transformation:

important RGB-IHS conversion

I /3 13 13 R

vl [=|—2/6 —2/6 22/6{G| and
v2] |12 -142 o |IB

RT |1 -1/42 12|

G|=|1 -1/N2 -1/42] v (1)
Bl |1 2 0 V2

Variables vl and v2 in Equation (1) can be
considered as x and y axes in the Cartesian
coordinate system while intensity I indicates the z
axis. In this way, the hue (H) and saturation (S) can
be represented by,

H=tan" (Ej and S=v1* +v2* .

vl

)

The hue component is associated with the
dominant wavelength of pure color and the
saturation component refers to the relative amount
of white light mixed with a hue and inversely
proportional to the amount of white light added.

Alternately, we can rotate the RGB cube until
the horizontal plane is parallel to the Maxwell
triangle and the vertical axis lies on the gray line of
the RGB cube. As such, a nonlinear RGB-IHS
conversion system [3] can be represented by

I=R+G+B)3, (3-1)

- cos'(7), if G=R
- 2z7—cos” (), if GSR'



_ (2B-G —R)/2 (3-2)
J(B-G) +(B-R)(G-R)
and =1 mnRGB) (3-3)
R+G+B

The relation of Equations (1), (2) and (3) was
derived by Ledley [4]. These two RGB-IHS
differ their
representations of the saturation. In Equation (1)

conversion systems mainly in

and Equation (2), pixels with identical +v1* +v2?
the which

independent of the intensity I. These pixel points

have same saturation value is
form a saturation barrel in the IHS space. For the

conversion system in Equation (3), pixels with

identical +/v1* +v2* are located on the surface of a

saturation cone with saturation values proportional
to distinct intensities. This means that the saturation
value is preserved using the conversion model in
Equation (1), but the saturation value is related to
the change of intensity values when using the

conversion model in Equation (3).

ITI1. A GENERALIZED IHS
SUBSTITUTION (IHSS)
TECHNIQUE

To describe the misconception in the DDS
technique, herein, we introduce a unified image
fusion technique called IHS substitution (IHSS)
method. The IHSS method uses a RGB image in
distinct bands and transforms them into an IHS
space. The intensity component in the IHS space is
then replaced by a gray-level image and
transformed back into the original RGB space with
previous H and S components. The merged image
is a product that synergistically combines the best

features from each of their components.
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The IHSS method for each pixel can be
accomplished by the following procedure:
Stepl:

I /3 1/3  1/3 ][R
vl |=|—2/6 —2/6 2J2/6(|G], (4-1)
v2] 12 -2 o |IB

Step 2: I component is replaced by a gray-level

image I';

Step3:
R'T [T -2 N2 r
G'|=|1 —1/N2 -1/42] |v (4-2)
B’ 1 2 0 v2

where R, G, B, I, vl, and v2 represent the
corresponding values in the original RGB image,
R', G, and B’ are corresponding values of the
fused image.

The direct implementation of the IHSS method
in Equation (4) requires numerous multiplication
and addition operations, making it computationally
intensive. To develop a computationally efficient
method without the coordinate transformation,

Equation (4-2) can be rewritten as,

1 -1/42 142

R’ I-(I-T)

G'|=[1 -1/42 -1/42||n

Bl |1 V2 0o |2
1 -1N2 12 |[1-6] [R=6

=1 -1/\2 -1/2|v1 |=|G-6 (5)
1 2 0 v2 B-6

where 6 =1-1". Equation (5) states that the fused
image, [R’, G’ ,B']", can be easily obtained from
the [R, G.B]" ,
subtraction operation only.

original simply by

the IHSS

image,
Hence,
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method can be implemented efficiently by this
procedure.

To analyze IHSS behaviors, Equation (5) can be

rewritten as

R’ R-6 I —1/\2 142
1
G'|=|G=6|=|T|+|-1/4V2 -1/\2 {V} (6)
v2
B'| |B-s| [I'| | 2 0

From Equation (6), it is important to recognize that
both H and S defined by Equation (2) are preserved
during fusion, only the intensity component I has
been replaced by I'.

To compare Equation (6) with DDS, the
formula of the DDS in (Liu and Moore 1996) is

rewritten as,

R’ R —ka I ~1/N2 142 '

G'|=|Gka|=|T|+|-1/v2 -1/\2 {V} (7)
v2

B’ B-ka I J2 0

Herein, we let 6 =ka for Equation (6), £ is an
achromatic factor and 0< k£ < 1, a denotes the
minimum value among R, G, and B. Therefore, we
know that the DDS formula in Equation (7) has not
done any saturation stretch because the saturation
and hue remain their original values as shown in
Equation (6), only the intensity component I has
been changed toI'. The only difference is that the
resulted image is darker than the original image
(due to I'=1-06=1I-ka). As such, the image is
be
saturation-stretched.

For the ICDDS case, the formula in (Liu and
Moore 1996) can be rewritten into an IHS-like form

easily to visually confused as

as,
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R" R — ka I |-132 142 |
G"|=1Gka|=1-| |1 |+ -1/v2 -1/v2 "
v2
B’ B ka Il |20
11 | -1/2 12
Iyl
— 1]+ -1/42 —1/42 { Y (8)
v
V20

I . .
where lz?, and its value is always larger than 1

(due to
Equation (2), the hue and saturation of the resulted

I'=1-ka ). From the definition in

image can be given by

H”:tanl(l'vzj:H (9-1)
-vl
"= (V1) +(1-v2) =1V 492 =1.S (9-2)

By referring to Equation (8) and Equation (9),
they show that intensity value and hue value of the
resulted image are the same as the original RGB
image, but only the saturation value has been
altered. Therefore, since the saturation value is
changed in the resulted image, the ICDDS has
achieved the goal of saturation stretch. However, by
referring to Equation (6), the DDS has not done any
saturation stretch, as mentioned previously.

IV. THE RELATIONSHIP
BETWEEN iNTENSITY AND
SATURATION IN RGB-IHS
CONVERSION MODELS

To further analyze the behavior of saturation
stretch, ¢ in Equation (5) can be substituted into
Equation (3) and the notations defined before can
be adopted. Following the process of image
substitution in Equation (3-1), Equation (3-1) can

be rewritten as,



I' = (R-8) +(G-6) +(B-8))/3 = L&

7 in Equation (3-2) can be re-calculated and given
by

Q2B-8)-(G-35)—(R-5)2
-5 +(B-86)-(R-N(G-5)—-(R-6))

r'=
J(B-8)-(G

_ (2B-G-R)2 _
JB-G)’ +(B-R)G-R)

(10)

Equation (10) indicates that the hue H of the
resulted image is unchanged by using Equation (3-2)
for calculation, i.e., the hue value of the resulted
image is the same as that of the original RGB
image when I value is replaced by I' value. In
contrast, by using Equation (3-3), the saturation
value of the original RGB image can be given by

_ 3a _I-a
R+G+B 1

= (11-1)
where a denotes the minimum value of R, G, and B.
By substituting ¢ and corresponding notations
into Equation (8-1), the new saturation value for the

resulted image becomes

_3min(R-6,G-0,B-9)
R+G+B-3¢6

S'=1

__3(a-90) _I-a
R+G+B-30 I'

= (11-2)
An important relationship between Equation (11-1)
and Equation (11-2) is that,

S’

—=— or [-S=T1"-S'=constant.

S T (12)

By observing Equation (10) and Equation (12), for
an image before and after the process of saturation
stretch, the product of saturation and intensity

equals to a constant value and the hue value is
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unchanged. The saturation value of a pixel is
inversely proportional to its intensity value. More
precisely, the saturation value is expanded and
stretched (S'> S) if I' value is less than 1 value,
while the saturation value is compressed (S’ < S) if
I' wvalue is larger than I value. For the saturation
stretching, I value must be always larger than T'
value to achieve the purpose of larger S’ value
than S value. Therefore, since §=1-1", the value
of ¢ is a crucial factor to the saturation stretch
process.

By referring to the relationship of S and §'
in Equation (12), the saturation stretching can be

accomplished simply by shifting S to S’ or

multiplying a factor / =% into Equation (5). That

is

R| 1 ~1/\2 142
R 1
G :I’+l-—UVE-4JJ§{V}
. , v2
B| I V20 |
1 -1/A2 142 1-1-(-1-1)]
=1 —1N2 -2 {l-vl
1 2 0 1-v2 J
[-R-(1+1)(ka)
=|1-G-(1+1)(ka) (13)
1-B-(1+1)(ka)
where R, G, BT is the resulted

saturation-stretched image. After this process, a
fused image is obtained by an unchanged hue,
different the
compensated to S’. This is the original purpose of
DDS, rather than the results implemented by
Equation (6) Equation (7). The DDS
implemented in Equation (6) or Equation (7) has

intensity and saturation S s

or

preserved but not changed the saturation value of
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the original RGB. That is, DDS has not done any
saturation stretching.

To preserve the intensity and hue of the
original image, but only the saturation is stretched;
the compensation strategy for saturation value can

be implemented as,

R 1 -1/42 U2 ]y
G"|=1-{|1 -1/2 -1/42] |
B” 1 2 0 v2
I ~1/\2 1142
1
— 1|1 41| =142 <142 v2
, A%
I V2 0
1 -2 12 ] g
=1 -1/+2 -1\2 {Lﬂ]
1 2 0 1-v2
1 -1/\2 142 1-1-(I-1)-1
=1 —1/N2 =142 |1
1 2 0 1-v2
R-ka
=1-| G-ka (14)
B-ka

The final result presented in Equation (14) is the
same as ICDDS listed in (Liu and Moore 1996) and
rewritten in Equation (8). This is to explain the fact
mentioned in Section 1 that I[CDDS is an efficient
method for saturation stretching, but since it is
derived from DDS, the efficiency should be
achieved by coincidence.

Figure 1 is used as an example to illustrate the
misconceptions in DDS and ICDDS. The original
flower image is shown in Fig. 1(a). The DDS
approach by Equation (7) with £=0.1 is displayed in
Fig. 1(b) and 4=0.5 is displayed in Fig. 1(c). Since
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the saturation refers to the relative amount of white
light mixed with a hue, it is easy to see that the
saturation of Fig. 1(b) is the same as that of Fig.1(c)
from blue and green color while the intensity of
Fig.1(c) is darker than that of Fig.1(b). Furthermore,
ICDDS approach by Equation (8) with £=0.1 is
exhibited in Fig. 1(d) and k=0.5 is exhibited in Fig.
1(f). Compared Fig. 1(a) with Fig. 1(d) and Fig.
1(f), those three images have the same intensity
clearly but they don’t have the same saturation

value which can be found from the relative amount

of white light mixed with blue and green color.

Fig. 1. Illustration of DDS and ICDDS, (a) The
original image, (b) by Equation (7) £=0.1, (c) by
Equation (7) £=0.5, (d) by Equation (8) £=0.1, (e)
by Equation (8) £=0.5.



V. CONCLUSIONS

The major advantage of the DDS and ICDDS
is that they can perform saturation stretching in the
RGB space, without applying any coordinate
transformation. However, despite of the fact that
ICDDS method, the

misconception of the authors proposed in (Liu and

is an efficient due
Moore 1996), it is easy to make the readers
confused. The main purpose of this work is to
clarify the misconception. This misconception has
been explained in Section 3 and Section 4. In this
work, an IHS substitution (IHSS) technique is
RGB-IHS

saturation

and  through  two
the of

stretching using DDS is described. Meanwhile, the

proposed
transformations, problem
misconception of DDS has been also occurred in
the IHS-based image fusion methods. The key issue
is the fact that the product of saturation value and
intensity value equals to a constant value, the hue is
unchanged and the saturation value of a pixel is
inversely proportional to its intensity value.
Considering the remote sensing image fusion, it is
the high

information the

multispectral imagery such that the resultant image

injection spatial resolution image

into low spatial resolution
preserves the high spatial resolution information
without degrading the chromatic information. Note
that the intensity of high spatial resolution image is
almost different from that of low spatial resolution
multispectral imagery. Therefore, when we design
the algorithms for saturation stretching or image
fusion, this is an important factor to be considered

carefully.
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