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context. Therefore the fields of symbolic geometry and fractal
geometry come into play.

Abstract
This paper analyzes the geometry employed in Laxman and
Kandariya Mahadev Temples in Khajuraho, India, through the
lenses of fractal geometry. Though fractal geometry had not
been established as a formal theory and concept during the
construction of these temples, the extent to which it has been
employed is remarkable and the use of symbolic geometry to
convey certain meanings through the temple structure has
been an integral part of temple architecture. This paper
focuses on the trends depicted by the fractal dimensions,
which give a fair view of the temples' characteristics. This
comparison of fractal trends of Laxman and Kandariya
Mahadev temples gives a clear insight into their construction
process, symbolism pertaining to individual deities along with
other logical inferences.

Fractal geometry is an extension of classical geometry. It does
not replace classical geometry, but enriches and deepens its
powers (Lesmoir-Gordon, 2013 ). This paper details the
fractal geometry part of the methodology used to arrive at a
relationship between fractal geometry and symbolism in the
temple context.

METHODOLOGY
SELECTION OF IMAGES AND ITS RATIONALE
This research mainly takes into account, the experience of the
visitor. Therefore the images have been selected on the basis
of how a visitor travels in the premises and how one
encounters the temple structure. As the visitor enters, his first
look of the temple is from a certain distance, which does not
allow him to experience any details but just the overall form
along with the foreground and background. As he approaches,
the temple structure gets clearer and more detailed, reducing
the visual impact of the foreground. The images have been
selected as one sees or views the structure to ensure that
results are acquired on the basis of visitor experience and not
on the basis of the architects plan and elevation drawings.
Elevation drawings, give an idea of the complexity to a certain
extent, but the viewing angle is not considered in an elevation
drawing. Also, it is extremely complex to envision the plan
and therefore experience it. Though architects and other
building professionals may be able to visualise the plan; only
at the end of the tour; but the plan does not form a part of the
experience for laymen. Therefore, the fractal dimensions of
the plan drawings are irrelevant in the regard of visual
experience. The images are in the same order as experience.
Considering photos or images considers another aspect, that
is, perspective which seems to play an important role as these
are the images formed in our retina. Perspective is the art
representing solid objects on a flat surface so as to give the
impression of height, width, depth and the relative distance. It
is a particular way of seeing something (Oxford Dictionary).
The two most characteristic features of perspective are that
objects are smaller as their distance from the observer
increases; and that they are subject to foreshortening, meaning
that an object's dimensions along the line of sight are shorter
than its dimensions across the line of sight (Wikipedia).
Moreover, the images used for finding the fractal dimension
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INTRODUCTION
Hindu temples are intriguing for more than one reason. Their
mystical atmosphere is created by the natural setting, the
contextual background and architecture alike. The physical
manifestation of spiritual concepts is aided through the
geometrical order of the temple. The comparison of trends of
fractal dimensions found along the way during experience of
the Laxman and Kandariya Mahadev Temples, aids in
understanding their background of construction, the societal
configuration during their construction- which is justified by
the 100 years gap, the characteristics of the deities housed,
and other special characteristics.
Although the field of digital image processing is built on a
foundation of mathematical and probabilistic formulations,
human intuition and analysis play a central role in the choice
of one technique versus another, and this choice often is made
based on subjective, visual judgements (Rafael C. Gonzalez).
Hence, developing a basic understanding of human visual
perception as a first step is appropriate. In particular, interest
is in the mechanics and parameters related to how images are
formed and perceived by humans (Rafael C. Gonzalez). An
important aspect in this is the difference between the
architectural plans and elevations and the human perception or
views, which is quite different from each other. The age old
concepts of optical illusion have also been understood in this
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are black and white line drawings. They have been converted
from photographs to line drawings with the help of Canny's
edge detection method through MATLAB. The Canny edge
detector is an edge detection operator that uses a multistage algorithm to detect a wide range of edges in images. It
was developed by John F. Canny in 1986. Canny also
produced
a 'computational
theory
of
edge
detection' explaining why the technique works. These
resultant images actually define the details on the images in
the form of lines and other textural details in the form of dots.
Therefore, this resultant image is appropriate for finding
fractal dimension through Box counting method and for
further analysis of complexity of form and texture.

approximately, a reduced-size copy of the whole. A
characterisation of the fractal set is provided by the "boxcounting" method: The number N of boxes of size R needed
to cover a fractal set follows a power-law, N = N0 * R^(-DF),
with DF<=D (Moisy, 9 july 2008).
Box counting method is appropriate for finding the fractal
dimension as architectural analysis can benefit from this
value. This value gives the level of complexity as perceived
by the visitor.
Box
counting is
a
method
of
gathering data for
analyzing complex patterns by breaking a dataset, object,
image, etc. into smaller and smaller pieces, typically "box"shaped, and analyzing the pieces at each smaller scale. The
essence of the process has been compared to zooming in or
out using optical or computer based methods to examine how
observations of detail change with scale. In box counting,
however, rather than changing the magnification or resolution
of a lens, the investigator changes the size of the element used
to inspect the object or pattern. Computer based box counting
algorithms have been applied to patterns in 1D, 2D, and
3Dimensional spaces. The technique is usually implemented
in software for use on patterns extracted from digital media,
although the fundamental method can be used to investigate
some patterns physically.

It is logical to use binary line drawings for fractal analysis as
this analysis considers the level of complexity, which is
denoted by the outlines of the ornamentation on the facades.
Other parameters like scale, rhythm, structural order,
harmony, form language, ornamentation etc form the other
part of the analysis. This further backs up the fractal concepts
used in the structures under consideration.

BOX COUNTING METHOD IN MATLAB
A set, that is an image, is called "fractal" if it displays selfsimilarity. It can be split into parts, each of which is, at least

Table 1. Showing Fractal Dimensions in Laxman Temple
LAXMAN TEMPLE
IMAGE

BOX SIZE v/s BOX
DIMENSION

LOG-LOG GRAPH

FRACTAL
DIMENSION

1

1.9051

2

1.9054
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3

1.9046

4

1.9037

5

1.9060

6

1.9057

7

1.9059
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8

1.9055

9

1.9060

10

1.9042

11

1.9033
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12

1.9051

13

1.9052

14

1.9049

15

1.9050

16

1.9046
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17

1.9056

18

1.9057

19

1.9056

20

1.9047
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Table 2. Showing Fractal Dimensions in Kandariya Mahadev Temple
KANDARIYA MAHADEV TEMPLE
IMAGE

BOX SIZE v/s BOX
DIMENSION

LOG-LOG GRAPH

FRACTAL
DIMENSION

1

1.8549

2

1.8551

3

1.9045

4

1.9042
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5

1.9052

6

1.9047

7

1.8549

8

1.9062
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9

1.9057

10

1.9055

11

1.9052

12

1.9046
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13

1.9055

14

1.8613

15

1.9048

16

1.9045

17

1.9046

18

1.9054
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19

1.9052

20

1.9051

PARAMETERS FOR REASONING
The above list of fractal dimensions, when put together as a
trend, gives the following results as per the values obtained.
The parameters on which interpretation will be based on are
explained.


The fractal dimensions for all the images are extremely
high and close to 1.9.
 The range of fractal dimensions for both the temples
give a higher range for Kandariya Mahadev and smaller
for Laxman temple, mean being raised marginally for
Kandariya Mahadev Temple.
a. Laxman Temple
i.
Range = 1.885 - 1.909
ii.
Mean = 1.897
b. Kandariya Mahadev Temple
i.
Range = 1.855 - 1.915
ii.
Mean = 1.890
 The mean or average fractal dimensions for both the
temples are almost the same showing that the overall
impact on the visitor of both the temples is similar
owing to its constant average. This implies that the
experience remains the same except certain differences.
 The standard deviation for both the case studies
varies. The deviation being smaller for Laxman Temple
of 0.01 fractal dimension and higher for Kandariya
Mahadev Temple of 0.02 fractal dimension. This is a
significant value and it results into a wide variation in
the final presentation of the temples. The fact that the
range is wider for Kandariya Mahadev temple than for
Laxman temple is an evolutionary evidence for the 100
years time period between their constructions.
 Reasoning for difference: The Laxman Temple had
been built in 950 ce and the Kandariya Mahadev



Temple had been built a 100 years later in 1050 ce.
Therefore when the Kandariya Mahadev was being
built, the Laxman temple was a predecessor and acted
as a case study and inspiration for the latter. The above
results of the fractal dimensions display the calibre of
the ornamentation and the structural integrity of the
Kandariya Mahadev temple over the Laxman temple.
The modifications in the Kandariya Mahadev temple,
which are evidence of the 100 year gap, are: integrated
temple plan (not pancharath), more stylised and
intricate, and standard deviation is larger which stands
for more contrast and play.

Graph 1 Showing Fratal dimensions calculated for various
images of Kandariya Mahadev Temple

1738

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 3 (2018) pp. 1728-1741
© Research India Publications. http://www.ripublication.com
The Kandariya Mahadev temple was built in 1050ce, a
hundred years after the Laxman temple. The forms seen in the
Laxman temple are slightly different than those seen in the
Kandariya Mahadev temple. The forms in the Kandariya
Mahadev temple are modified, elaborated and more stylised
version of those found in the Laxman temple. This shows that
the Laxman temple acted as an inspiration during the
construction of the Kandariya Mahadev temple, and the
facade details and the overall form has been modified into a
more ornate and sophisticated form. The patterns and
combinations used in the Laxman temple are somewhat
primitive as compared to the latter. This is reminiscent of the
hundred year gap between the constructions of these two
temples.
As stated above, the fractal dimensions for all the images are
extremely high and close to 2. The range of fractal
dimensions for both the temples give a higher range for
Kandariya Mahadev and smaller for Laxman temple, mean
being the same. The mean or average fractal dimensions for
both the temples are almost the same showing that the overall
impact on the visitor of both the temples is similar owing to
its constant average. This implies that the experience remains
the same except certain differences. The standard deviation
for both the case studies varies. The deviation is smaller for
Laxman Temple of 0.01 fractal dimension and higher for
Kandariya Mahadev Temple of 0.02 fractal dimension. This is
a significant difference in value and it results into a wide
variation in the final presentation of the temples. The fact that
the range is wider for Kandariya Mahadev temple than for
Laxman temple is an evolutionary evidence for the 100 years
time period between their constructions. Reasoning for
difference: The Laxman Temple had been built in 950 ce and
the Kandariya Mahadev Temple had been built a 100 years
later in 1050 ce. Therefore when the Kandariya Mahadev was
being built, the Laxman temple was a predecessor and acted
as a case study and inspiration for the latter. The above results
of the fractal dimensions display the calibre of the
ornamentation and the structural integrity of the Kandariya
Mahadev temple over the Laxman temple. The modifications
in the Kandariya Mahadev temple, which are evidence of the
100 year gap, are: integrated temple plan (not pancharath),
more stylised and intricate ornamentation, and standard
deviation is larger which stands for more contrast and play.

Graph 2 Showing Fratal dimensions calculated for various
images of Laxman Temple

Graph 3 Showing comparison of fractal dimensions for both
temples

DISCUSSION
It is important to note here that the patterns, shapes and
overall images encountered in this context is characteristically
very different from any standard mathematical fractal
generated on the computer. Firstly, it deals with the overall
experience and not just the visual impact. Secondly, in
mathematical fractals, the resultant complex pattern is not
known beforehand and is a surprise for the viewer, making it
the first experience of a kind. Finally, and probably most
important and relevant to this context is the fact that there is
no innate meanings attached to these beautiful geometric
shapes in mathematical fractals. They can only be gradually
generated by attribution of meanings to the shapes. Whereas,
in the experience of temple architecture, there is an attached
meaning to every tiny shape, the resultant pattern and the
methor or algorithm used to arrive at that pattern. These
meanings are already a part of the visitors' heuristics and
therefore create a riot of feelings and generate memories and
understanding. It is also enhanced by the classical
conditioning of the visitor and reinforced by the tour guide,
where the attached stories, legends and mythology pave the
way ahead. This understanding when taken to the highest
level is 'enlightenment'. With this short background, the
temple structures and fractal images will be analysed.

Figure 1 Side elevation of Kandariya Mahadev temple
showing the various scales identified on the shikhara
(main vimana)
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merging smoothly together at the same time. Since these are
distinct and smooth at the same time, it gives the mind
adequate interest and comfort. The distinct features in the
vimana helps to conclude that these were deliberate design
features used on part of the sthapatis to create this rhythm, as
organised steps for connecting the whole to the part.
A very important aspect is the bulk shadows that are cast in
case of Laxman temple. Laxman temple has a Pancharatha
plan (Figure 4), that is, one main temple, having four smaller
or lesser shrines at four corners, all five structures being on a
raised platform or plinth. Therefore, bulk shadows are cast on
all the structures and the main shrine at almost all times of the
sunlit day, depending upon the path of the sun. This causes the
fractal dimension to modify greatly as the areas with more
sunlight shows more contrast, play and rhythm. These aspects
of contrast and shadows are a vital part of the experience and
therefore need to be considered. These shadows reveal
themselves in an interesting manner in the binery images. The
shaded areas in the elevation, which may be small recesses or
bulk shadows, sometimes act as defining borders for the
panels of importance, and sometimes as areas of visual and
mental relief from the profusion of images on the exterior
walls.

Figure 2 Overlapping plan and side elevation of Kandariya
Mahadev temple showing coinsiding geometrical and
functional focii

Such bulk shadows have been totally eliminated in the
Kandariya Mahadev temple (Figure 2). It is the tallest
structure in the Western circle of temples. Being a tell
structure on an elevated plinth, the form and ornamentation is
clearly visible from all the directions. The high plinth lends it
a one point perspective view, further accentuating its height
and form. Nevertheless, the smaller shadows, frame the
panels, regard importance to some figurines over others, hides
some friezes, and raises the mental activity to an optimum
level - creating the most exciting ornamental facade of its
time.
The fractal dimensions of both the temples do not exceed 1.91
approximately and never reaches 2.00. This fact is an
important point for two reasons. Firstly, fractals found in the
facades of buildings or architectural fractals are not perfect
fractals. As these are not mathematical fractals, which are
infinite in both the directions of higher and lower scales, they
are not fractals by its mathematical definition. Only
mathematical fractals may have fractal dimension of 2.00.
Secondly, a fractal dimension of 2.00 shows the highest
complexity possible in the dimension. In architectural
structures the fractal dimension of 2.00 is most often not
achievable, and if this feat is tried, the complexity of patterns
and forms increase to an uncomfortable level. The visitor is
not able to process the information, hence agitating his mind.
This deceives the very purpose of symbolism in temples, also
hampering the transfer of the symbolic meaning to the
visitors' mind.

Figure 3 Side elevation of Kandariya Mahadev temple
showing major viewing points of the visitor and the the
shikhara tips

CONCLUSION

Figure 4 Pancharath plan of Laxman temple

The trends in fractal dimensions of the Laxman temple and
the Kandariya Mahadev temple show consistency to a great
extent. It is evident that Kandariya Mahadev temple is an
evolutionary result of the Laxman temple. The essence of both
the temple structures are kept the same along with the

Figure 1 and figure 3 show that, the fact that these scales have
been identified geometrically, on the elevation drawings,
proves that the architects (sthapatis) planned and designed it
in such a way that these jumps in scale are clearly visible and

1740

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 3 (2018) pp. 1728-1741
© Research India Publications. http://www.ripublication.com
meanings transferred to the visitor, the difference lying in the
presentation of the temples. The Kandariya Mahadev shows a
higher range of fractal dimension. This is remarkable as it is
more stylised and sophisticated.
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