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ABSTRACT

of computer, various techniques are possible to manipulate or modify, therefore the expected information will be enhanced
and the unexpected are suppresed.

The study area is the NE-Java Basin, data used is Landsat TM imagery. The techniques proposed for this study
area are as follows ;

= band selection.

- false colour composite (after appropriate contrast sireiching).

- multi image enhancement (ratioing).

The band selection is a technique to select three bands among seven bands of Landsat TM. By using Index of
Optimal Band Triples Selection or Venn Diagram a ses of 145 and [47 comtain maximum information. A conventional
contrasi siretching, ie : selected linear streiching, histogram equalization, combination of linear streiching and histogram
egualization, is satisfactory. However, it suffers from a colour bias. The Balance Contrast Enhancement Technigue is
Pproposed fo minimize the colowr bias. The combination of 4, 3/7, and 1/2 is reasonably useful as complement, especially
to distinguish among limestones (Karren, Orbitoid and Platen).

L INTRODUCTION

Human visual system is a perfect sysiem, however,
these systems obviously cannol extract all the information
thal is composed of the orginal image. These problems
are due to ndlometric degradation, and grometric disior-
tion, eic. The aim of the Image Processing is 10 climinate
or minimize those distortions, therefore, the processed
image will provide maximum faformation that can be
perceived by the interpreler.

This paper will discuss a set of techniques namely:
band selection, colour composite and contrast enhance-
ment and band mtio, that are applied 1o geological map-
ping of Cepu-Bojonegoro area (NE Java Basin). Duta used
is Landsat TM, the study area is part of path 119/row 065
(Fig. 1 and Fig, 3).

A LEMIGAS geological map (1971)was used as &
reference. The area is composed of three kinds of lime-

stones (karren, orbiloid and platen), the variation among

these limestones is reflected by differences of physical
propertics and chemical components (compasition of cal-
site and dolomite), sandstone (quartz and wffs) and clay-
stone.,

IL. BAND SELECTION

Colour composite imagery is constructed by three
bands that assign to the red, green and blue refresh mem-
ory channcls. Most of the remote sensing inmgery contain
more than three bands (in the case of Landsat T™M contains
7 bands), therefore, techniques of band triplet selection
should be developed. One of the most imponant factons
fior these sclections is the triplet bands conlaining maxi-
mum inflormation and least noise,

This paper proposed the index of optimal band selec-
tion (IOBS) that has been developed by Liu Jian Guo
(1989), and the author proposed venn diagmm tech-
niques. These techniques are concerned with the maxi-

*) This articel published on Proceeding LEMIGAS - JICA Seminar Remote o8 Sensiag Techookgy for Development of Mamural Reaswoes, 1993
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Figure 1. Index map of the study ares

mum information (therefore less comelation), but the ap-
proach is in the differcat manner,

A. Index of optimal band tripiets selection (TOBS)

Seppose three bands of ij and k bave correlation
nm-ﬂ.riliﬂ.hlhﬂhﬂm}hdﬁﬂh
I0BS

m-ﬂﬂ;l,li,ljﬂﬂ“{l}

To schieve maximum information this value should
be minimum. Comsider those correlstion factors are
leagth, widih, and beight of a cube, therefore ;

leagth,

F1 = |rij| + Jrik] + Jrjk] - minimum @

& volume,

F2 = Jrij * rik * rjk| - maximum (k)]

a diagomal,

F3 = Sqa(rif*2 + k2 + *2) - min.  (4)
Mathematical comsideration is as follows :

Both combinations are expected which has minimum
F1. Ln this case of F1 minimum belongs o more than one
combination, the best of them is expected from & combi-
nation with the F2 maximum.

The alicrnative is F3 the less correlation combination
will be monitored by F3 minimum. The F3 apposch is
better than the F1 and F2 approaches. However, if two
bands bave high corelation but low 1o thind band, the F3
may [xil as an indicator.

Based on the snalyses, IOBS is finally defined as:

| A J
G\/e)

Figure 1. Vean diagram

(5)
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Figure 3. Original data subscene of landsat TM pl19/r 65 August 24, 1991 (column = 1974, line = 1524)
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B. Venn diagram meihod
Suppose the variance and comelation coefficient of
each bands are S and r respectively. The geometric ap-
prosch of three bands means that those bunda are 8 et of
information A, B, C, D, E F, G. Therelore iotal variance
i the commulation of its segment (Fig. ),
T = A+B+C+D+E+F+G (&)

1 a st value of band i, j, k is 5i, 5j and Sk, the segment
value of
A= 5i-B-D-E
C=Sj-B-F-E g
G =5k-D-F-E
For u sct of i and | which its intersection smaller or
equal to min{5i,5)),
B = rij * min(5i,5]) - E (8a)
With same ides for D and F :
D = rik * min(Si,SK) - E
F = rjk * min(5},5k) - E (Bb)
To oblain maximem information, iotal amount of B,

If three bands do not correlate with, value T, it i
equal among its variance. On the other band if the corre-
lation is high, the value of T will be (5i,5),5k). It is clear
that the best combination will expect the value T 1o be
maximum.

C. Anmalysis from the study area

A result of [OBS indicates that minimum value of F1
is gained only by one combination, therefore no further
atiemps of F2. The fint ive combinations are showed st
Table 3, The Venn diagram metbod spparently results the
same as [OBS, except Vena diagnm method prefermed
band 5 miher than band 7. In gencml, band 5 contains
maximum information. Table 3 indicated the best combi-
mation will be 145 or 147, the finst combination is more
likely to be & fimt priority. Finally, both method have the
same result but the Venn disgram mecthod needs only bess
stomge system than I0BS.

Table . Corelation matrix and varance

D, Eand F must be miniswm. These can be achieved if e
E = min(fjk*min{5i5]), jk*min{5i,5k), 1 |2 |3 |4 |5 |7 |Ved-|%
*minSj ance
9 : :{1* mﬂi 1 100 |084 071 025 (047 |o4s | 1780 | 227
rom equations (7),(8) variance 2 100 (05 099 |02 |oso | 850 | 128
T= ShE}8-(B+D+F)-28 (10) 3 100 |020 |08 |08 | 4720 | 7w
Finally, % total variance s : N 100 losr loaz | ;0 |iass
%s. x 100% 5 100 [os1 [sssso [sam
(Sn = variance of u-th band) I L
Table 1. Minimum ssd maximum DN and mnge of dats
m
FMM_ Tabie 3. The best of five combination of F1
DN | DN |Ramge| DN | DN |Range parametens and corrected ’
max | min 9% | 1% - - e
1| 24| 85| 19| 109 90| 19 Band combi-|  Fl L ‘-"“{"::"
4 AZ¥ % » 55 - i 147 08300 05371 22900
3| 197 4| 151 | 85| 52| 3 145 1.0900 0.0435 2.1600
i 144 32 112 85 45 40 247 11100 00281 20100
5| 255 B 27| 151| 8| o 134 1.1600 0.0355 20152
71 25| a]l 21| 75| 19| s8 ] 13800 ) 00693 | 20400
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Figure 4. Histogram data of band 7
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L CONTRAST ENHANCEMENT

Quality of the image usually means a good appearance.
Contrast enhancement is a lechnique that benelits 8 mnge
of Digital Number (DN) available to the computer sysiem
(in this case 0 - 255/8 bits), bence, & processed image will
contain maximem information that can be perceived by
buman eyes.

This paper proposed a technique of lincar streiching,
histogrim equalization snd balance contrast enhanoement

& the most suitable contrast streiching techniques of
Landsat TM 1o the study area.

A. Selected linear sireiching

The most simple contrast enbancement technique is a
lincar transfer function, formulate as Y = aX + b (Fig, 4).
A slope of this function will control degree of streiching
of compressing, whereas an inlermsection (o the ordinat Y
indicates an average brightneas. The main chamcteristic
of this technique is output histogram will remain the same
8t inpul. The changes are expecied from its mean and
standard deviation (Table 4 and Fig. 5.b.).

The equation of this transfer function :

G = {IMo-mo)F+(Mimo-Momi)}/{(Mi-mi) (1)
where :
Mi, mi = Max and min input intensity level
Mo, mo = Max and min outpul intensity level
Mi,mi,Mo,mo are user defined

Fum i'IIDH

G = output DN

The lincar transfer function offers Dexibility w which
an ares will be stretched 10 & maximum available grey
level. In the case of study arca, 1% cutting of minimum
and maximum values bave been attempied (Table 1). The
grey level which is less than minimum will be assigned 1o
O, whereas the grey level bigger than maximum will be
transfered 1o 255. The climination value of those tils
stimulste more information.

The main dawback of linear transfer function is the

streiching  just bused on its distribution, regardiess the
frequency of occumpee.

Table 4. Mean comparation

Band| Orig- | Linear | Histo- | BCETP | BCETC
inal | strech- | gnm | E=128 | =115

ing equali-

Zation
T™M1{99.01 | 12032 | 137.19 | 128.80 | 114.52
TM4| 6161 | 10489 | 133.52 | 127.52 | 11420
TM5| 9881 | 11090 | 130.75 | 127.70 | 114.50

B. Histogram equalization

One of non-lincar transformation is histogram equali-
mtion. This technique wiil reduce contrast to an arca of
extremely bright and dark (Fig. 4.d), hence, the contrast
of the image usually appears a litte bit barsh.

The opertion of histogram equalization i employed
in Cumulative Distribution Function (CDF) of the original
as their transfer function. The value of the k™ is a sum of
grey level values of the fimst k in the histogram. Suppose
the histogram is H and CDF is C, the relationship is :

a
cw = % 3 Hi (12)

f=1
T() = C(J) x 255 (13)

Fig. 5.c. clearly indicates a higher frequency of occur-
ance which will be stretched bigger than those the lower
onc, These phenomens sre manifested by byperbolic
belly shape.

The main charscteristic of this technique, the image
tends o appear very bright. This is particularly troe io the
image which has Gaussian shape as in the case of the
shudy area.

To reduce over-bright as mentioned above, 8 combi-
nation of lincar streich and histogram equalization i at-
templed. The equation of this combination technique is :

CLH(T) = (100-x) G{T) + x T(T) (14)
CLH({T) = Combination Steetching
G = Linear Streiching
T = Hisingram Equalization
x = percent of combination
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& Original | lstugran:

b. Linear Stredch kistogram

&, Hivtogram cqmalization

Chega Pl Wi

d. Combination Histogram
and Linsar Stretch

B e B o0 B
Drigi 1ol Numbas

Flgure 5. Histogram data of bands 1, 4 and 5 respectively

Fig. 54. is 50% combination, the grey level between
0-50 and 200-255 (normal belly histogram) will be sup-
pressed.

C. Balance comirast enhancement technique (BCET)

The bands with proper contrast and low interband
correlation may produce poor color composites if one of
three bunds wsed for i much higher or ower avenge
brighiness than the otber two, called as colour biss.

Caolour bias can be svoided without losing or changing
the information in the original images by contrast en-
bancement (Liu Jian Guo), as follows :

a. Stretch (or compress) each image to s given minimum,
maximum and mean, 50 the three bands will bave the
same value range and average brightsess after the
sreich,

b. It will not change the basic shape of the histogram of
an image being processed; thus the information in the
image will uot be changed.
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IMAGE PROCESSHNG

Previous contrast lechniques cannol ensure Lhe bal-
ance of mean brightaess of each band. Liv Jian Guo (1989)
presented balance contrast enbancement techniques
{BCET) which can avoid colour bias. The method is casy
and simple.

To simplify the application, parabola and cube are
used in this paper.

BCET using a parsbolic function (BCETF)

A parabolic function :
Y=A(X-B}+C (15)
where :
X = input image
Y = cutput image

It is an even function and controlled by three cocfi-
cients A, B, and C. A section increasing monolonically
will be used by BCET. It is possible for most cases in
image contrast enhancement if those cocfficients are
derived from input image X and the maximvum, minimum,
and mean given for the relevant output image Y.

Solution of Eq. (15) is as follows :
L=AQ-Bys+C (16)
H=A(-BY+C an
E-% I.im-lfm-ﬂ'ir%!ﬂ'i-ﬂ’

(18)
where ;
b = maximum input
| = minimum input
e = mean input

H = maximum culpul
L = minimum owtpet
E = mean output
Three cases may ocour in these solutions :

o IfB <1 ihen A >0, the parsbola is open upward and
the right section of the pambola will be used by
BLCETF.

b. If B »hthen A < 0, the parabola i open downwand
and the left section of the parbola will be used by
BCETP.

c. Ifl< B <h,the parabola will not be used,

Then, BCETF i performed pixe] by pixel on the input
image X,

YisA*(Xi-Bf +C (19)
Finally, an output image Y with a certain the given
value mnge (L,H) and mean E will be produced by
BCETP.
BCET using a cubie function (BCETC)
The cubic function @
Y=AX-BP+C (20)
IfA>0, thea Y >0 and the function is monotonically
increasing, The part of the curve will be used by BCETC.
Among the point of inflection the curve will change its
shape from convex to concave. This part and nearby the
curve will not be used, then it can be svoided in balance
contrast enbancement i the cocfMicients A, B, and Care
derived as & similar way as BCETP.
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Figure 6. Histograms of each band after BCET
L=0,H=0, Mtan = 128
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Figure 7. Histograms of each band after BCETC
L=0,H= 255 Mean = 115

The solution of Eq. (20) is derived as follows :

L=AQ-By+C (1)

H=A(-By'+C (22)

E = & TAX-BC = C+% 206 - B
@3)

The same as the BCETP, three cases occur in the
solution :
1. IfB <1thea C < L, the upper section of the curve
is used.
2. If B> hthen C > H, the lower section of the curve
is used.

iemmatma || ssns | may | sans
a [ -

o [t aE s
[T [T i (™

Figure 8. Concept of shadow effect elimination
(Introduction to Geology RS, BGS, 1988)

3, Ifl<B<htben L < C < H, the middle section with
the point of inflection of the curve is used.

The fimst two cases satisfy the requircement of BCET,
but the third case will change » shape of the histogmm.
Hence, this case is not qualified for balance contrast
enbancement.

Then, using BCETC with the proper A, B, and C, the
input image is transfered a pixel by a pixel us :

Yi=A(Xi-B+C el))

Finally, outpul image Y will have an exactly mage

value (L.H) and mean E.
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Figure ¥. (a) Linear stretching (1.8), (b) Histogram equalization (HE), (c) Combination LS and HE, (d) BCET
parabalic, (¢}, BCET cubie, () Band ratlo

Acconding to the experimental processing, the oulput
images produced by BCETP and BOCETC are almost the
same for the same given pammeiers. The application of
both BCET for the study arca gives the best colour com-
posite images (Fig. %d and 9¢) without color birs. The
average brightness of cach band and histogram afler
being processed are given in Table 4 and Fig. 6 and 7.

VL BAND RATIO

Band ratio is the most popular technique for mult-
spectml image enbancement. The ideas are the three

refresh memory channels (R,G,B). The information con-
tins all image involved is preserved. One of the sim of
the band ratio is 1o climinate shadow sud bright effects
due 1o topographic features, by using this wechaigue the
same surface features that appear are different (albedo).
Fig. 8. demontrates the concept of shadow sad bright
climination. A sandstone which is fscing the sun bas s
higher albedo (therefore its digital number) than the same
sandstone that facing away 1o the sun. These effects ob-
viously exist 1o all bands involved. Ratio opention (A/H),
indicates that those sandstones remain the same.
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The basic formula of an inleraction between the sun
ﬂi-l-ﬁnliﬂlhﬁkﬂi:

L{m) = au(an)*La(m) *rho(m) + Lo(m)  (25)
Where :

L{m) = Upward flux density
tau({m) = Transmitance
m -hﬂm{““m}
Ld(m) = Downward flux density
rho(m)= Reflectance
Lp(m) = Path mdiance

For ratio operation the Eq. 25 will be :

LA) | b LdhyholAlolpl)
LiB)  tau(B)LA(Birho{B1+Lp(E)
lrlhu:hullhlhmduu.m“-h:ud:
a8 follows :

u(A) = wu(B)
Ld(A) = Ld(B) @n
Lp(A) = Ly(B)

Therefore Eq. 26 will be :
LBYLoB) * pio) @
The last equation clearly indicates that mtioing de-
pends upon 1o the reflectance., Therefore, refllectance in-
formation of objects to be investigated s cssential,
Instead of topographic suppression, there are another
ones to distinct of band ratio, i.c. :
1. Mnﬂnmﬂmmmuimnﬂiiplﬂua
larly true if among bands are less or uncorrelaied,
2. If two kinds of object have the same reflectance dif-
ferences, the band mtio result will also be the same.
Ti:m!mlhuntﬁnmmhd‘uumhhbh.

A. Analysis

The best result of this process is colour composite of
4,377, 1/2 (R,G,B). This process is useful as complimeat
Eroups (three kinds of limestone occur in the study area).
In this mlnummpulle.hmnlinu.tuuﬂtxj-ppnn
blue, the Orbitoid limestone (OK) appears yellow and the
Flaten limestone (F1) appears cyan.

¥. CONCLUSION

Stutistic inspection will be useful as preliminary pro-
cessing of eitber single spectral or multispectral image
enbancement.

The transfer function of contrast enbancemeni tech-
nique mm“&hﬂuﬂuﬂﬁul
image. The critical inspection of this histogram is main
information fo this technique that will be selecied, No
inatant regulation of this selection. However, the BCET
seems to be a good way, especially o suppress colour bias,

The band ratio of 4, 5/7, 12 (R.G,B) is belpful for
limestone differentiation.
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