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Introduction

The term Bionics is science of constructing artificial systems
that have some of the characteristics of living systems. Bionics
is not a specialized science but an interscience discipline; it
may be compared with cybernetics (The science of communi-
cation and control in animal and machine.) Bionics and cyber-
netics have been called the two sides of the same coin. Both
use models of living systems, bionics in order to find new ideas
for useful artificial machines and systems, cybernetics to seek
the explanation of living beings' behavior.

The project Bionics: From bud to flower is an attempt to relate
the beautiful natural phenomenon of flower blossoming with
some application in design. The process of bionic science has
been understood with case studies. The process of flower blos-
soming has been analysed in design terms and then analo-
gous system has been developed with possible combinations.



infinite resources. Mimicry of nature is an
s have modeled machines after animals
s. Copying from nature has distinct ad-
creatures now on the Earth are the prod-
of evolution, and the construction of
an environment resembling that of living
om this enormous experience. Although
e thought to be direct imitation of nature,
t impossible, among other reasons be-
ce in scale. Bionics researchers have found
intageous to understand the principles of
re than to slavishly copy details.

1g inspiration from nature does not limit to
ne application. One can even extend two
‘achieving one result. The nature has been
ercent efficient systems, which is hardly a
lesign. The new designs can be developed
' bare minimum consumption of resources
results. There are two broad classes of

Analogic synthetic bionic systems

These are technical systems based on biological priri-
ciples. The classic example is developing radar from the study
of bat echo location principles. This is what many designers
think of as bionics. Examples range from "cold light" devices
based on bioluminescent marine animals, to tensile structures
based on spider webs, to solar arrays that track the sun like
sunflowers, to irridescent art forms based on the keratin struc-
ture in bird feathers that refracts light. There are, of course,
many many other examples.

Composition synthetic bionic systems

These are systems that contain both technical and bio-
logical components. This can serve as a design paradigm for
analyzing relationships between the artificial and natural as
whole systems. A person driving a car or wearing glasses, hu-
man-computer interaction (HCI), the city and its surrounding
ecosystem, crocodiles that swallow rocks as ballast, and the
cyborgs of science fiction are all bionic systems of this sort.



s from Nature

iomaterials are composite materials, such
' pbone, muscle and shell. The role of
ic the best features of these composites
of their disadvantages, for example some
s wool shrink at relatively low tempera-
not waterproof and have a tendency to

pressure to be more environmentally
uch as ISO 9000, are calling for all in-
wasteful and look to sustainable devel-
are extremely refined as a result of mil-
;"ral selection. In addition they are often
 conditions, at ambient temperatures and
utions, while their synthetic counterparts,
polymers, often need scorching heat or

A good example of an optimised natural structure is bamboo.
This is a typical composite reinforced by long fibres. Vascular
bundles are considered as the reinforcement (the fibre) and
the thin-walled cells regarded as the matrix of a composite.
The difference in the distribution and structure of vascular
bundles and the thin-walled cells results in different proper-
ties at different parts. The volume fraction of the fibres in-
creases in a gradient from the inner surface to the outer sur-
face of the cross section of the bamboo, which causes an
associated increase in strength. Figure 1 shows how optimised
composites can be designed through comparison with bam-
boo. The fine structure of the individual bamboo fibres also
shows non-uniform degrees of lignification in their cross sec-
tion. The reason for this non-homogeneity was discovered by
Li et al, 1994 who showed that by thickening the outer layer
in a composite fibre a relatively small decrease in normal
stiffness will be accompanied by a large increase in shear
stiffness and toughness. This has resulted in improvements
in synthetic fibres.



nbridge University is developing materi-
ngine blades by mimicking the struc-
of pearl. The nacre on the inner layer of
95% chalk, yet up to 3000 times tougher
's toughness is a result of its composite
is aragonite. This is a dense and crys-
arbonate which is arranged in layers of
“about 8 micrometers across and 0.5
ing the platelets is a tenuous “matrix” of
This combination provides toughness in
heavy weight is placed on nacre, cracks
s but are deflected as they try to cross
dissipates the force, and can stop a
second strengthening factor is that as a

in matrix stretches out in strands across
ocess absorbs the energy that is essential
e,

Organic mortar

The main disadvantage of nacre is that at 600C the silk-like
matrix starts to break down. Clegg has overcome this problem
by combining nacre with heat-resistant materials. He rolled out
layers of ceramic paste 150 micrometers thick and piled them
on top of each other. He separated the layers with a dusting of
graphite and baked the ceramic. This produced a material that
can withstand temperatures of around 15000C yet has vastly
improved toughness. Clegg hopes to use this material for tur-
bine blades which may eliminate the need for cumbersome cool-
ing systems .

Flatelets

Calcium cathonate
“bricks”




s in machine design

ctical to mimic nature when designing
nental differences that exist between
occuring systems. For example metal
- are ubiquitous in man’s technology
use only non-metals and reciprocat-
hanisms. However, one area where
nspiration is in the design of machines
Xxample some types of fish are far
narines made to date.

sed interest in the use of long range
licles (A.U.Vs) for oceanographic
lance and commercial search mis-
relatively small vehicles for three
nomous vehicles have a significant
€ of deployment (to allow opera-

and safety (to minimise the dan-
tallations). They are powered by
y electric motors. The propellers

fficiencies and suffer from seri-
onse. The space required for the
of the hull volume. These prob-
restricted payloads, and con-

Engineers at the Massachusetts Institute of Technology (MIT)
have been trying to resolve these problems by designing a ro-
bot that mimics the way fish swim. “Nobody really knew why fish
could swim so fast given their muscle power” says Professor
Michael Triantafyllou, head of MIT’s Ocean Engineering Labo-
ratory.




pelieve they have finally solved the mystery by
udy the flows around fish. When a rigid body
as forward through water it sheds vortices, small
f fluid, which when they emerge at the rear of
sause drag in its wake, dissipating energy and
sive power. Segmented bodies can reduce
tural adaptation fish have learnt to pass
g their bodies as they undulate. When the
fish’s tail it flicks them from one side of its
ranslating the energy into propulsive power.

, RoboTuna, shown in Figure, demonstrated
ntrol could be translated into a mechanical
now investigating quick turning and fast
nicking a Chain Pickerel type pike, such as
The Robot Pike is 80cm long and has a
ntains motors to propel it forward. These
attached to the helical spring that forms
ee Figure 5, and cause three separate

Pictures of a fish turning:
(Courtesy of Jamie Anderson, Phd)
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The team has found that when fish assume a C or S shape, as
shown in Figure 6, they can control vortices extremely quickly
when they start moving.

The skin of the Pike is made from lycra and has a stainless
steel mesh. Power is provided by Nickel Metal Hydride batter-
ies. The team chose to flood the hull of fish rather than design a
flexible waterproof cover since this eliminates the number of
seals required. The main disadvantage of this was that the indi-
vidual components had to be waterproofed.



tudied shows that the process of devel-
s consists of a specific method of anal-

inderstood in terms of its environment,
tailed necessities.

g environment where the similar envi-
hed and natural reaction to such prob-

nalysed thoroughly to get the variables
eir behavior in different scenarios.

d in some of the variables of under-
iding ones in natural activity.

d for developing ideas and then designing

: the given variables in natural activity
he variables in problem identified. In
Spirations are also used. .

dium in natural and in man made 3ys-

ylng natural activities directly. Some
de in such case.

It has been found that the analysis of the natural sys-
tem is carried out and mathematical models are developed.
These mathematical models act as direct influencers in any
concept development.



ology and Physiology
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Flower structure:

Structurally and developementally the floral apex resembles the
shoot apex in almost all fundamental features, slight differences
that exist are due to the fact that the flower is a determinate
stem with closely crowded appendages and very much sup-
pressed internodes. It is at any rate assumed that the shoot
apex is organized into the floral apex and the two are merely
growth forms of the same meristem.

The vascular organization of flower may in a general way be
compared to that of a vegetative shoot. the axis exhibits three
zones epidermis, ground tissues and vascular system. The later
is really a complex of traces which runs onto the floral parts-
often branch and again combine with each other in the axis in
an irregular manner.

The accessory parts sepals and petals resemble the leaves in
internal structure. The ground tissue hardly show any differen-
tiation in palliade and spongy cells. The epidermis is normally
made up of pappilose cells, often with intercellular spaces cov-
ered by cuticles. Trichomes and stomata may occasionally oc-
cur. Special cells containing volatile oils may be present in the
epidermis of petals imparting fragrance to the flowers. Inspite
of some variations it may be said that a sepal has may traces of
the leaf of that plant and it resembles a bract anatcmically. A
petal of dicotyledon normally has one trace, whereas perianth
member (tepal) of & monocotyledon has one to many traces.
Like those of foliage leaves the vascular bundles from complex
systems in the sepals and the veinlets are usually dichotomously
branched.



ucture with the filament sur-
= vascular bundle runs through
the connective which is located
me families three traces are
primitive condition. The bundle
ral and remains surrounded by
without conspicuous intracellu-
ple or an apocarpous one is
t the besal part forming the
he style,which ends in the re-
) advanced condition in the
r on the ovarion wall attached
s, the placenta normally at
the folded carpels meet. Com-
e dorsal and two ventral. The
e style. The ovules get the
bundles or from the placental
ally a single trace enters
halaza; branches may ex-
r to the nuclear region. the
chymatous tissue with pri-
y be functioning during the
and the style are the simple
int of view being composed
ymatous ground tissues and

Flower development:

After establishment of roots stems and leaves, flowers and then
seeds form, perpetuating the species and completing the life
cycle. Most angicsperm species produce bisexual (perfect) flow-
ers containing functional female and male parts, while others
such as spinach cottonwoods, willos, maples, and date palms
are dioecious, containing imperfect staminate(male) and
pistillate(female) flowers on different individual plants. Monoe-
cious species such as maize, cocklebur, pumpkins and many
hardwood trees form staminate and pistillate flowers at differ-
ent positions along a single stem. The reproductive structures
of conifers develop in unisexual (strobili).

Anthesis, the opening of flowers with parts available for pollina-
tion, is sometimes a spectacular phenomenon, usually associ-
ated with scent and color development. While many flowers re-
main open from anthesis until abscission (falling off), others
such as tulips open and close at certain time of the day for
several days. Opening is usually caused by faster growth of
inner compared to the outer parts of the petals, but continued
closing and opening is a response to temporary changes in
turgor pressure across two sides. Opening and closing are in-
fluenced by temperature and atmospheric vapor pressure, but
the major factor is often an internal clock set by daily dawn and
dusk signals.



the petals eventually wither die

withering follows antheisis rap-
Iy associated with extensive trans-
_other plant parts, often to the
re is an accelerated breakdown
Is and sepals during withering
as proteases and riboneucleases
)armonal changes to cause such
ucts such as amino acids and
to seeds and other tissues where
nts are conserved. Although with-
mon, certain rose and dahila
ill turgid and that contain most

Flower blossoming

The blossoming flower has following development variables:

1. The growth:

The growth of any flower happens because of phenom-
enon of cell division. This cell division along with turgur pres-
sure brings about the increase in volume. The phenomenon of
the growth which is possible in flowers is not possible in non
living environment. The cell division process is multiplying and
end products resemble in shape and size to the original parent.
But the change in volume can be used as a parameter to simu-
late. The bud in small shape takes huge volume at the end of
blossoming. Even the increase in height of the petals with re-
spect to the stem of flower can be simulated.

2. The Change in shape:

This is a wonderful visual phenomenon where the over-
all shape of the flower changes to the blossomed one in some
time span. As the time span is more i.e. varying from ten min-
utes to half an hour, at an instance its difficult to see the pro-
cess. But people have tried making fast processes by shooting
and fast forward techniques. This process can be used in mak-
ing something open in a rhythm which is similar to the flower
opening.

3. The shape of the petal:

The shape of the petal which is curled in spirals at the
beginning of the blossoming process changes to expanded and
reversed curled. The flexible yet tight petal surface is an



that changes its shape for
§ form it has to be in the bud
he other petals and acquires

rea and hence acquires re-
flower dies, the vein struc-
weight to itself causing it to

ninated by the green calyx
 the petals start coming out
e and catch the attention.
colour contrast that exists.
er becomes dynamic, the
eautiful change in colour
activity happening to all

s, fades and fells down.
often fell before dying
remain on their parent
- of winding up itself for a
ind is visually suggestive.
N i.e. shape and size are

en it has to attract bees, it .

The Abcission

The plants commonly lose various parts periodically.
Lower vascular plants usually do not shed their parts, which
remain attached to the plants and ultimately get decayed. But
in the higher vascular plants the fall of the parts particularly of
the leaves, floral members and fruits- is mainly caused by the
formation of a distinct zone where usually parts get detached
from the mother plant. The process is referred as abscission
and the zone as the absciss zone.

Periodic defoliation is a notable feature of gymnosperms and
most of wcody dicotyledons. The deciduous plants shed their
leaves at the approach of winter. The evergreen plants have no
fixed season for fall of leaves; but they may shed their leaves in
any season. Some structural modifications actually take place
at the base of the flowers and leaves, and finally they are
abscissed. The formation of the absceiss zone is usually initi-
ated before the leaf fall. In fact the leaves now become mature,
turn yellowish in colour due to disintegration of chlorophyll and
preponderance of carotinoid pigments. Moreover the waste prod-
ucts are transferred to the leaves, so that the plant may get rid
of them with the leaf fall.

The absciss zone is usually formed at the base of the petiole in
case of simple leaves. In compound leaves it is formed at the
base of the rachis and also at the base of the individual leaflets.
It is narrow zone composed of few layers of cells. Before the fall
of leaf a distinct separation layer is formed in the absciss zone
which may be considered as the immediate
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i iords to express the beauty of a Hibiscus
ly popular in all tropical countries. There
»f Hibiscus blossoms with many more vari-

es from the Greek word hibiskus used
me the mallow. They are flowering, decidu-
ls(periodic) and annuals. They hail from
articularly the countries around the Indian
a, Madagascar and Malaysia- as well as
idia, Australia and China.

yompous look, these exotic creations have
lowers of the red variety yield a red food
‘shoe black. They are also used in cough
Chinese women used the petal juice to
/S. In South east Asia the bark, root, leaf
dicinal uses.

ers are widely used in the worship of the
these flowers are dedicated to the goddess
in Devi Bhagavat, when the goddess took
iestroy evil, the red color of the flower was
depict anger through her eyes. In return
as granted a wish that anyone who of-
r would be blessed.




s structure similar to the other flowers in gen-
the dicotyledons family. It has five petals and

an sepals forming bowl shape. The style which
bottom of the sepals is the tallest part and

im and gynaecium. The bottom of the style is
f flower found in India is red. This colour
nd butterflies and thus promotes pollination.

scus petal form the structure to support the
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biscus:

bud stage are entirely inside the sepals. Those
The sepal growth stops at one stage, while
rowing. The sepals seperate allowing the pet-
At the beyining, they are curved and envel-
ther. But at the later stages of the growth, the
“at the apex increases and the flower petals
one stage when sufficient lighting and tem-
ns are reached, the turgur pressure increases
strech and opening the flower. The increased
petals brings the freshness and beautiful look

e observations and measurements taken of
verious stages of its blossoming. These mea-
2 taken by selecting flower with the most resem-
ntal stage to the reference one. Three stages
re for understanding overall configur ation.

Stage 1

Stage 2

Stage 3

Petal about axis Petal Botiom

Petal about axis Petal Bottom

Petal about axis Petal Bottom
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s to shrubs category. When the flower dies, it
plant till death. After most of the cells die, the
y self weight or wind. The veins of the petal
They turn and twist, and hence the petal gets
menon is as if flower doesn’t want to die and
g to bear the event. The colour of the flower
brown. The beauty is almost gone. It later
S.

Fully blossomed Hibiscus start dying
~ hibiscsus

Dead hibiscus

Petal Twisting




I model of Hibiscus
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opment

Flower Parts

Sepals
Style g
Plastic wire, Steel cap of plastic, cloath,
wire, foil, tele- wireframe structure,
scopic antena, Vain

Aluminium wire structure, plastic
wires, metal foil net, sewing of
cloath, bamboo view

Activities

Stem

Place from where actuating
signal comes.. lever, switch,
screwing knob,

Petal deformation

Turning motion, bending,
folding,

Colour

New colour after opening,
lighting (acrylic type),
spraying new colour while
opening each time




plications

rowth:

er of hibiscus opens and grows simulta-
rls as well as spreads at the same time.
yulated using a paper folded structure. As
unfolded, due to the typical structure of
reads in the lateral direction. The folds of
rengthening elements for the structure to

r shape. They are analogous to the veins.
method is that it has high ratio of surface

to the surface area before expansion.
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d in folded structures for exhibition pan- A "
requirement applications like space sta-
even temporary false ceilings for tents.




vein Iunctioning

er petal open up because of hydraulic ac-
e are two activities happening at the same
growth of veins and the other being the
ce.Balloon functions in similar way where
ng the pressure, it has minimum volume,
essure is applied, it takes large space and
property can be made use of by tying a
cloth or paper to the flat baloon. When
Il take certain shape.

20



spread and growth

i bud form are curled and are overlapping.
yens, they start coming out of sepals, grow,
n screws of same pitch are put one inside

rs are attached to the individual screws, in
| they overlap, whereas in the open condi-
y as well as radially, forming a 3D struc-

: 1 such a way that they rotate and progress




n of flower.

using the simplified model of the flower.
_d’ as a pracket on the wall, for umbrella




al opening

biscus open radially and spread. If paper is
the adjacent figure, the system can open
ect to each other and take different forms. If
ed in large numbers, they will take more

‘d‘ in areas like advertising system, display,
' (as stand), or even lighting systems.




al overlap:

form transition can be used in areas like a
ultipurpose), and light spreader.
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Conclusion

The flower is a wonderful creation of nature. It has many facets.
The more one understands its beauty, more is the knowledge
that he finds is still to know. Flower has been found responding
to the light condition, to the atmospheric vapor contents, to the
biological clocks and particular atmospheric temperature. Some
flowers are found in all seasons while some flowers open once
in thirty two years. They have different colours, different scents,
different forms and different ways of opening. They have me-
dicinal, cultural and religious importance.

Each of these areas can be opportunities to exploit. Their
behaviour in particular environment can give inspiration for
making something which could solve our system problems.
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