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Chapter 6 Application of Emergence Index in
Geographic Location

In this chapter we find out the index of geographic location and then establish
symmetry through correspondence between input and image of the geographic
location. Also we find out the emergent shape of the image by destroying the original
shape, which gives rise to unstructured shape and then process the unstructured
shape to generate emergent shape. We establish symmetry between input and

emergent shape through correspondence between input and image.
6.1 Introduction

If we have a map of a geographic location like the following, then we find there are
three streets, namely, STREET1, STREET2, STREET3. There is a park between
STREET1 and STREET2 and HOUSE1, HOUSE2, HOUSE3, HOUSE4 are four
houses on STREET?2.

STREET1

STREET3
HOUSE1
HOUSE2

HOUSE3

HOUSE4

Figure 6.1 Geographic location

We also notice that STREET1, STREET2 and STREET3 form a triangle surrounding
PARK. In normal map interpretation this may not surface. But when hidden shape is
searched we get a triangle. This is the emergence outcome of the search. This would
help us to locate the places more accurately by referring to the triangle in the map.
Also if there is an input in the form of a triangle, then this image, although a map,
would be selected because of emergence.

Next we consider the following map.
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STREET1

STREET2 LAKE STREET4

STREET3

Figure 6.2 Geographic location

STREET1, STREET2, STREET3 and STREET4 surround a lake. But also these four
streets give rise to a rectangle where opposite sides are parallel and equal. Obviously
this is the emergence outcome and this image would be selected if an input comes in

the form of a rectangle.

STREET]

STREET3 LAKE STREET4

STREET3

O 0

Figure 6.3 Geographic location

The above image is similar to the earlier one except that it has in addition two houses
on STREETS3.

So if an input image comes in the form of a lake, this image would be selected. If the
input is a rectangle, then also this image would be selected. If the input comes in the
form of a house then this image would be picked up. Lastly, if the input comes in the
form of a locality, then also this image would be selected. None of the component
parts or objects of the image is a locality, namely, streets, lake and houses. But
combined together they generate a locality. This is the hidden meaning of the image

based on which emergence index is formed.
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6.2 Symmetry Between Input and Geographic Location

6.2.1 Calculation of Emergence Index Using Geographic Location

In order to calculate the emergence index, we use the equation (1) defined in 1.6.2.
Calculation of feature

In this example of a map, we find a park, a lake, roads and residential areas, which
cover the rest part. This map is similar to any other map that could be drawn of a part

of township. But if we look carefully into the picture of the map, we see roads which

STTERN
<~

|
LAKE

Figure 6.4 Geographic location

surround the park and the lake, form the shape of a bowl.

We take the shape of the bowl in coordinate system to analyze it.

Figure 6.5 Coordinate system of shape
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Figure 6.6 Destruction of original image

Figure 6.7 Emergent shape

Let Ce9, C70, C71, C72 and C73 be the coordinates defining basic vectors where C69
corresponds to (xe9, y69), C70 corresponds (x70, y70) and so on.
It is clear C69, C70, C71 and C72 form a parallelogram. This parallelogram is
obtained from the shape of the bowl by first destroying the original shape, then
processing the unstructured shape giving rise to new emergent shape of
parallelogram as discussed in section 3.4.1 Model of Emergence.
To represent the object of bowl, we use equation (3) of 4.1 Feature

O4 = f(wiF1; waF2; wsFs;.....; wnFn).
The bowl is composed of a lake, a park and surrounding streets. Since lake is
supposed to contain water, the color of the lake can be presumed to be blue and it
occupies, say, around 40% of the whole area of the bowl and color of water would be
blue and so it is denoted by 2. We assume park would occupy another 40% of the
area and the color would be green which is denoted by 3. Let us assume streets
occupy the rest 20% of the bowl with black color which is denoted by, say, 5. Hence

if F1is the standard color feature as we defined earlier then we calculate
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wiF1 = (0.4 * 2,0.4*3,0.2*5)
Since O4 would be composed of 5 coordinate points and if this object O4 occupies
40% of total image then the weight-feature factor would be

w2F2=0.4 *f {(xe9, y69), (X70, y70),........ (x73, y73)}
where (x69, y69), (X70, y70),........ (x73, y73) represent the shape of the object Oa.
If the background is grass which is green and occupies 50% of the image and streets
which is black occupy the rest 10%, then F3 which represent background feature and
w3 which represent area covered, in combined way would be

w3F3 = (0.5*3,0.1 *5)
where 3 stands for green color and 5 for black.
If di, d2, ds, d4, d5 and de are the distances between various coordinate points of the

object O4, then

6
Perimeter of Q4 = z di

1

Since this covers the whole perimeter where there is no undefined or open part, the

w4 would be 1.0. Hence weight-feature factor becomes in this case
6
WaFa=1.0* > di
1

Therefore, O4 could be represented in this case as

Oa = f(wiF1; w2F2; waF3; wa Fa)

=[(0.4 * 2,04 *3,0.2*5); 0.4* t{(xe9, y69), (X70, y70),...... X73,y73)}; 0.5* 3,

6
0.1*5); 1.0* > di]
1
Calculation of domain
In the hierarchical domain structure of 4.2, if our image lies in D4.7, then clearly the

domain path is D1/ D22/ D3.4/ Da..

Variables
In the example image, we have a lake, a park and streets that form a bowl O4. We

already defined the variables for this. They are (x69, y69), (X70, y70),........ (x73, y73).
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Constraints
According to our definition of symbolic representation of shape in equation (2) in 3.2
I = {N; constraints}

For O4, | ={5; [Cs9, Cr0, C71,...., C73]}

Emergence

Although object O4 is basically composed of a lake, a park and streets, it gives rise to
the shape of a bowl as we pointed earlier. This is the emergence output of the image.
This is the example of embedded shape emergence where emergence is a set of the

whole image as we discussed in section 1.5.

6.2.2 Input Smaller and Rotated

The input here comes in the form of a bowl with 5 intersections of straight lines that
define the shape. The shape here is smaller than O4 and is rotated. Let these
intersections be C74, C75, Crs,...., C78. So the representation in this case is

I ={5; [Cr4, C75, C7s,...., C78]}

"\
Figure 6.8 Input in the shape of a bowl

Correspondence between image and input
Input = {5; [ C74, Crs, ........ , C78]}
04 = {5; [ Ce9, C10, ........ , C73]}
Number of intersections
The number of intersections in input is 5 and in Oa4 also it is 5. Hence they match.
Correspondence
Since the size of input is smaller than O4, we cannot establish correspondence
straightaway.
Let &9, G0, 61, ........ , 73 be the angles at the points of intersection in O4 and let

Ora, 615, 06, ........ , 618 be the angles at the points of intersection in input.
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Now if 659 < G4

60 < 015

o1 < Or6

G2 & O

o3 < 018
then correspondence between input and Oz is established although input is smaller
in size compared to Oa4.
So if the number of intersections are same and angles at those intersections
correspond to each other in input and O4, then symmetry is established although
input and O4 are not of same size.
Since the input is rotated from the vertical axis clockwise, we can obtain further
symmetry in the following way.
Let D1, D2, Ds,...., Ds are the infinite maximal lines defining the image and &1, &,
6, ... , 66 are the angles D1, D2, Ds,...., De make with the vertical axis
respectively. Let D7, Ds, Dg,...., D12 are the infinite maximal lines defining the input
and &7, &, 6, ........ ,612 are the angles D7, Ds, Dsg,...., D12 make with the vertical
axis respectively.
Now if 67 =61+ @

B=0R+ 0

h=606B+0

¢io =64+ 0

1 =6+ 0

G2 =6 + 0
then it is obvious that input makes a constant angle & clockwise compared to the

object of the image of the database for each and every infinite maximal line.

This establishes further symmetry although the image of the database is rotated by
an angle 6.

When we want to locate a particular geographical area and we do not know where to
look for but if we know there are streets in the location that make a bowl, then we

can quite easily find that location by having input as image of a bowl, which can find
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the match with the image of emergent bow! of the map. This would be the advantage
of applying this concept of emergence in image retrieval in practice.

6.3 Symmetry Between Input and Geographic Location
After Emergence

6.3.1 Calculation of Emergence Index of Emergent Shape

We have seen how emergence has given rise to the shape of a parallelogram from a
bowl-shaped geographic region in 6.2.1. Now we go to calculate emergence index of
this parallelogram. This is the outcome of illusory shape emergence as discussed in
section 1.5 where contours defining the shape are perceived though no contours are
physically present.

In order to calculate the emergence index, we use the equation (1) defined in section
1.6.2 here as well.

Calculation of feature

(x72,y72)

Ibc
lad (x71,y71)

(x69,y69)

Figure 6.9 Emergent shape

Let C69, C70, C71 and C72 be the coordinates defining basic vectors where Ce69
corresponds to (xs9, y69), C70 corresponds (x70, y70) and so on.

To represent the object of parallelogram, we use equation (3) of 4.1 Feature

Os = f(wiF1; w2F2; wsFs3;.....; wnFn).

The parallelogram is composed of a lake, a park, surrounding streets and little bit of
residential areas. If lake occupies, say, around 35% of the whole area of the
parallelogram and color of water is blue then it is denoted by 2. We assume park
would occupy another 35% of the area and the color would be green which is
denoted by 3. Let us assume streets occupy the rest 20% of the bowl with black color

which is denoted by, say, 5. Also if residential areas occupy the rest 10% which is
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green then it would be denoted by 3. So if F1 is the standard color feature as we
defined earlier then we calculate

wiF1 = (0.35 * 2,0.45* 3,0.2 *5)
Since Os would be composed of 4 coordinate points and if this object Os occupies
45% of total image then the weight-feature factor would be

w2F2 = 0.45 * f {(x69, y69), (X70, y70),........ (x72, y72)}
where (x69, y69), (X70, y70),........ , (x72, y72) represent the shape of the object Os.
If the background is grass which is green and occupies 45% of the image and streets
which is black occupy the rest 10%, then F3 which represent background feature and
w3 which represent area covered, in combined way would be

w3F3 =(0.45*3,0.1 *5)
where 3 stands for green color and 5 for black.
If di, d2, d3s and d4 are the distances between various coordinate points of the object
Os, then

4
Perimeter of Os = Z di

1

Since this covers the whole perimeter where there is no undefined or open part, the

w4 would be 1.0. Hence weight-feature factor becomes in this case

4
waFa=1.0 * z di

1

Therefore, Os could be represented in this case as

Os = f(wiF1; w2F2; waF3; wa Fa)
=[(0.35 * 2,0.45 * 3,0.2 * 5); 0.45 * f{(xe9, y69), (X70, y70),........ , (x72, y72)};

(0.45*3, 0.1*5); 1.0 * 24: di]
1

Calculation of domain
In the hierarchical domain structure of figure 4.2, our image lies in D4.7 as we
mentioned in section 6.2.1, then clearly the domain path remains the same and is D1/
D22/ D3.4/ D47,
Variables
For object Os, the variables are obviously (xe9, y69), (x70, y70),...., (X72, y72). The four

sides are La, Lb, Lcand Ld.
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Constraints
According to our definition of symbolic representation of shape in equation (2) in
section 3.2
I = {N; constraints}

For Os, the number of sides is 4 and the distances between (xe9, y69), (X70, y70), (x71,
y71) and (x72, y72) are same. In other words,

d{(xe9, y69), (x70, y70)} = d{(x70, y70), (X71, y71)} = d{(x71, y71), (X72)y 72)} =

d{(x72, y72), (x69, y69)}.

d(lad, lab) = d(lab, Ibc) = d(lbc, lcd) = d(lcd ,lad).

Then La// Lc, Lb// Ld since opposite sides are parallel.
Since 6s9, G0, 671, G2 are the angles at the points of intersection in Os and it is a
parallelogram, hence és9 = 671 and 670 = Gr2.
Emergence
The shape of the parallelogram out of a bowl is the outcome of illusory emergence as
we mentioned earlier.
This completes the calculation of emergence index of equation (1) in this case.
6.3.2 Calculation of Index of Input As Parallelogram
If the input comes in the form of a parallelogram below, then we have the
coordinates which define the parallelogram are (x79, y79), (x80, y80), (x81, ys81) and
(xs2, x82) representing C79, C80, C81 and C82 respectively. The sides are Le, Lf, Lg, Lh.
Also the number of sides is 4 and the distances between (x79, y79), (X80, y80), (x81, y81),

and (xs2, ys2) are same. In other words,

Igh
(x82y,82)

Lg
(xs1,y81)
Ifg
leh
(x79,y79)



104

(x80,y80)
lef

Figure 6.10 Input as a parallelogram

d{(x79, y79), (x80, ys80)} = d{(x80, ys0), (x81, ys81)} = d{(xs1, ys1), (x82, y82)} =
d{(xs2, y82), (x79, y79)}.
d(len, lef) = d(let, Ifg) = d(lfg, Igh) = d(Igh, leh).
Then Le// Lg, Lf// Lhsince opposite sides are parallel.
If Gr9, GBo, BB1, GB2 are the angles at the points of intersection and since it is a
parallelogram, hence 679 = 681 and 6so = 6s2.
6.3.3 Correspondence Between Input (parallelogram) and Image
Ordinary group intersections in each image
Here we compare the representation of the input with Os in section 6.3.1.
Input = {4; [leh, lef, Ifg, Igh]}
Os = {4; [lad, lab, lbc, lcd]}
Number of infinite maximal lines
We notice number of infinite maximal lines in each case is 4.
Corresponding equivalence
The corresponding equivalence of various segments is
Le &Lla "Lf &Lb M"lg & LcLh < Ld
Also the corresponding equivalence of various intersections are
leh & lad M lef <> Lab M lfg <> Ibe A lgh & led
Number of intersections
The number of intersections in each case is 4.
Geometric constraints of infinite maximal lines
Inputhas len <*Le xLh
lef <> Le x Lf
Ifg & Lf xLg
lgh < Lg xLh
O2 has lad < La x Ld
lab < La xLb
Ibc <> Lb xLc

led < Le xLd
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Dimensional constraints of segments
Since the number of intersections in input and Os is same, we deduct
Ininput  Le xLh "Le xLf < (len, lef)
Le xLf "Lf xLg < (lef, lfg)
Lf xLg " Lg xLh < (lfg, Igh)
Lg xLh A Le xLh < (Igh, leh)
So dimensional constraints in input is
d(leh, lef), d(lef, lfg), d(lfg, Igh), d(Igh, leh)
In Os La xLd " La xLb < (lad, lab)
La xLb "Lb xLc < (lab, Ibc)
Lb xLc " Lec xLd <& (lbc, lcd)
Lc xLd "La xLd < (lcd, lad)
So dimensional constraints of Os is
d(lad, lab), d(lab, Ibc), d(lbc, led), d(lcd, lad)
Corresponding intersections
Le ¢»La "Lh ¢»Ld ™ Le xLh " La xLd=> leh ¢» lad
Le¢»La "Lf ¢»Lb " Le xLf *La xLb=> lef ¢«» lab
Lf¢>1b "Lg ¢»LcMLf xLg " Lb xLc=> lfg ¢ Ibc

Lg ¢»Lc "Lh ¢« LdLg xLh *Lec xLd => Igh ¢ lcd

Corresponding angles

If &9 = 6r9, 0= 6o, 1= 681, B2 = 82 then corresponding angles are also same.
Therefore, the input in the form of a parallelogram and image Os are symmetrical.
Although the image Os is the emergence outcome of the bowl Oa, still this would be

selected when the input is a parallelogram as a result of emergence.

6.4 Conclusion

In this chapter, we found out the index of geographic location and then established
symmetry through correspondence between input and image of the geographic
location. Also we found out the emergent shape of the image, first by destroying the
original shape, which gave rise to an unstructured shape and then processed the
unstructured shape to generate emergent shape. We established symmetry between

input and emergent shape through correspondence between input and image.
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