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IMAGE USING H%NEYCOMB STRUCTURE ELEMENTS

The present invention generally relates to a method of constructing a two-

dimensional substantial image, and more particularly to an image forming

method, i. e., in a computer, the structure of honeycomb elements is used

to construct an inputted image by redividing it into blocks, then a

substantial image for practical use is formed on the basis of the above

reconstructed image.

In ancient and contemporary architecture, mosaics made up from
substantially the same square buﬂding materials (such as ceramic tiles,
glass, etc.) are commonly seen, for example, mosaics made up from small
square ceramic tiles or natural stones came into being before the Christian
Era. In the contemporary times, on the walls of a public place and a large
building, the architectural art of mosaics made up from ceramic tiles,
natural stones and even from metal patchwork is more popular. Besides,
in the inside of a building, such as the floor, the walls of a toilet, etc.,
various imagés (bereinafter referred to as “substantial image”) made up
from decoration materials can be often seen. Such an organic
combination of architecture and art gives people a plentiful and
wonderful visual feeling. Moreover, such a substantial image is durable

and will not be easy to damage, and it has a great practical value.

But the tesserae used for a conventional substantial image are square or
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In order to make some changes in such a dull image, sometimes, besides
that a large number of small square tesserae are used in a substantial
image, a small number of large square tesserae are used. Sometimes, for
the necessity of constructing an image, square tesserae have to be
arranged in a curved shape, it will unavoidably causes many triangular or
trapezoidal gaps that cannot be mended. Using square tesserae to fulfill
various artistic conceptions of an artist will put him into a dilemma
without doubt. However, some very fine crafted creations (such as
ancient mosaics) looking like seamless were found in history, but each
small tessera used was fulfilled by using a large amount of manpower and
it took a lot of time. Obviously, it is not suitable to the requirements for a
large scale, high efficiency, even mechanization and automation of

modern architecture or room decoration.

Therefore, the object of the present invention is to provide a method of
constructing a substantial image, which can reasonably divide an original
image into tesserae that are easy to quickly and efficiently put together, so
as to be suitable for large-scale industrial operation as well as maintaining

the artistic integrity of the image used.

To fulfill the above object, the present invention uses a kind of special
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operati on
are selected from the prepared honeycomb structure elements (such as

ceramic tiles or glass, etc.) of various colors by using the mode of
mechanization or manual labor so as to fulfill the formation of a
substantial image on a base, or directly draw colors on the base based on

the honeycomb structure elements.

The method of constructing a two-dimensional substantial image using
honeycomb structure elements according to the above conception of the
present invention comprises the following steps:

inputting a required image to a computer;

dividing the square grid structure pixels of the image into groups to form
new hexagonal pixels containing a plurality of grid structure pixels;

using at least one. hexagonal pixel to form a plurality of honeycomb
structure elements of various different shapes and different colors, of
which the color of the hexagonal pixel is an average value of the plurality
of grid structure pixels contained therein;

storing the plurality of the formed honeycomb structure eIement; for
future use;

making operation by dividing the image into blocks according to the
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putting together the elements on a substantial base in certain proportion

or drawing a color substantial image according to the outputted image.

A substantial image constructed from the honeycomb structure elements
of the present invention can not only be quickly formed, but can also
maintain the artistic quality of the originally inputted image, it can also
give people a visual feeling of irregularity, and it can fulfill tight seaming

through a modemized mechanism.

Fig. 1 shows pixels in a conventional grid structure and hexagonal pixels

according to the present invention;

Figs. 2-4 show honeycomb elements of various structures formed by

hexagonal pixels according to the present invention,;

Figs. 5-7 show honeycomb structure elements shown in Figs. 2-4 after

trimming;

Fig. 8 shows a schematic diagram of the same honeycomb structure

elements in six different orientations;

~ Fig. 9 shows an image constructed by pixels in a conventional grid
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outputting after the various honeycomb structure elements are formed by

hexagonal pixels according to the present invention.

According to a preferred embodiment of the present invention, the
principle of the present invention and the details of the method of the

present invention are specifically stated as below.

The method of inputting an image shown in a drawing such as Fig. 9 to a
computer belongs to known technology. The more commonly used
include: (a) a digitized card for converting an analog signal outputted by a
pick-up camera to a digital signal so as to be processed by a computer,
and an image file is stored with the aid of stored software; (b) a scanner
for scanning photos, pictures or positive and negative films, and an image
file is stored by a computer; (c) a digital camera for storing an image on a
magnetic disc after a photo is taken, then the image file stored on the

magnetic disc can be accessed through a computer.

The conventional pixels are formed from a square grid structure. In detail,
pixels are arranged one line after another, the pixels of the first line and

the pixels of the second line are arranged sequentially and opposite to



3 colors of the inputted i mage, then using the stored honeyconb
structure el ements according to the required shapes; formng a new i mage
conmposed of the honeyconb structure elenents and outputting it; putting
together the elenments on a substantial base in certain proportion or
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According to the present invention, the pixels of a grid structure are
converted to hexagonal pixels. According to a preferred embodiment of

the present invention, such a converting process is described as below.

As shown in Fig. 1, 4, 4, 4, 2 symmetric pixels (altogether 14 pixels) of a
grid structure are taken from the first to fourth lines of the pixels of the
grid structure to form a hexagonal pixel of the first line of the honeycomb
structure of the present invention; 2, 4, 4, 4 symmetric pixels (altogether
14 pixels) of the grid structure are taken from the suitable positions of the
fourth to seventh lines of the pixels of the grid structure to form a
bexagonal pixel of the second line of the honeycomb structure of the
present invention, the other are on the analogy of the above. Obviously,
for an image with 640 pixels per line, the first hexagonal pixel of the first
line of the image constructed by the honeycomb structure of the present
invention is converted from pixels 1, 2, 3, 4, 641, 642, 643, 644, 1281,
1282, 1283, 1284, 1922 and 1923 (altogether 14 pixels) of the image of
the grid structure. Similarly, the first hexagonal pixel of the second line of
the image of the honeycomb structure is converted from pixels 1924,
1925, 2563, 2564, 2565, 2566, 3203, 3204, 3205, 3206, 3843, 3844, 3845
and 3846 (altogether 14 pixels) of the image of the grid structure.

 Inthe upper part of Fig. 1, each small square represents a pixel in the grid
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form the basic elements of the honeycomb structure of the present

invention.

Besides, the colors of the hexagonal pixels use the average value of the
colors of the 14 pixels in the grid structure, i. e, the average value of red,
green and blue is used respectively. For example, if an image is scanned,
generally, there are 256 times 256 times 256 colors (or even more). But
the following substantial elements cannot provide so many colors,
furthermore, so many colors cannot be visually distinguished, actually
there 1s no need for so many colors. Therefore a range should be preset
according to the need for the effect and the resource of the substantial
elements provided. As the color space is a three-dimensional cube, three
basic colors, red, green and blue, each occﬁpy one of the dimensions. To
cut the whole cube into many small cubes, any average value of the 14
pixels of the grid structure within a certain small cube is replaced with the
same color, any small cube not including the average value of thg: 14
pixels of the grid structure therein is considered not to exist (i. e., it is
considered that the color doesn’t exist). Therefore, after the whole cutting
process is finished, 1t will be known how many kinds of colors are used.
If the number of the colors used is smaller than expected by comparison
with the preset range, the size of the cubes will be reduced and the
process repeated. If the number of the colors used is larger than expected,
the size of the small cubes will be increased and the process repeated. The

above steps are repeated until the preset range is fulfilled.



St(hbtqre; Fig. 10 shows an i mge constructed by using hexagonal pixels
of the present invention, of which one projection shape represents one

hexagon; Fig. 11 shows an inmage constructed by honeyconb structure
el enents for outputting after the various honeyconb structure el enents are
formed by hexagonal pixels according to the present invention. Accordi ng

to a preferred enbodi nent of the present invention, the principle of the
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(excluding four corners and four sides of the image) on the image of the
honeycomb structure of the present invention constructed by these
hexagonal pixels adjoins the other six pixels. Hence the honeycomb
structure elements formed from a number of the hexagonal pixels will
have much more changes as compared with the elements of the ;grid
structure so as to overcome the dull condition of the grid structure and
provide unlimited room for change. Only such a hexagonal pixel can
closely adjoin the adjacent pixels in six directions to form the honeycomb

structure elements of many different sizes and shapes.

In other words, a honeycomb structure element is a combination of at
least one hexagonal pixels of the same color, the hexagonal pixels within
the honeycomb structure element are put together according to the
characteristics of the honeycomb structure, each hexagonal pixel within
the element at least adjoins another hexagonal pixel, that is to say, at least
there is a common side between each pixel within the same element. and
the other pixel. It shows that each honeycomb structure element is just a
small honeyéomb structure, in other words, each honeycomb structure
element is just a part of the honeycomb structure. As shown in Figs. 2-4,

each honeycomb structure element is an individual and separated one .'

Certainly, the respective honeycomb structure elements may also be

modified by smooth curves as shown in Figs. 5-7.



The met hod of inputting an image shown in a dramnng such as Fig. 9 to a
conput eér bel ongs to known technol ogy. The nore commonly used include: (a) a
digitized card for converting an anal og signal outputted by a pick-up
camera to a digital signal so as to be processed by a conputer, and an

mage 1iley Sf,ﬁ;c%g%mgaytgec Py B0l ge SHSAhy (e Sogeqengh [

scanni ng p 0S, pic or posttive an gatlve f| nage file

magnet | o aERcue Enehis, 6 u@@é&%'%ﬁ%ﬁféﬁsf %#aééﬁﬁ B 28 oo 2
e or mednppernBCrEREaEF Eleeh, dhe cootRRH Gy coBPLIE MEDAFNE, 21" Cne
l'ine after@gﬁ)gg%l@gp@é Ie of the fll}éﬁtai i ne cgl{h%i&es%lése]m d%wt he

second lin

the substantial elements with the correspondmg colors and shapes one by
one on a base (such as paper, cloth, plastic sheet, etc.) with

pigment or paint. Certainly, it can also control a mechanical equipment to
form the respective substantial elements of solid substances (such as
metal, glass, pottery, porcelain, cloth, wool fabric, plastics, etc.)
corresponding to the honeycomb structure elements produced in the
computer and arrange them on a substantial base sequentially so as to
form a substantial image. In the above drawing or forming process, on the
base, each honeycomb structure element may have six orientations for
arrangement. As shown in Fig. 8, the same element may have 0, 60, 120,
180, 240 and 300 degrees of angles. Each honeycomb structure element

in the above is single-colored.

In order to more clearly state the present invention, the process of
forming a single-colored honeycomb structure element by decomposing

an image of the honeycomb structure will be specifically stated as below.

A. A set of elements of various shapes are arranged, six orientations of
each element are taken as six different states, a database is established
by using the shapes of the quantity of six times of the elements, and
dividing them into groups is according to the number of the included

pixels, that is to say, the number of four pixels included is taken as one



each other so as to forma grid structure, assuming that the width of an
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each pixel and the other pixel in the same group, in other words,

except the pixels in the segment itself, no other pixel adjoins any pixel

in the segment. One segment may include very few pixels and may

also include several thousands of pixels or more.

C. If there are more than 30 pixels in a segment, the first attempt to make

decomposition is to use the elements with the largest number of pixels.

If the process fails, decomposition is tried by reducing the number of

pixels until one element is formed through the decomposition. Then

the process is continued by using the elements with the largest number

of pixels. If the remained pixels are still over 30, the process of this

stage will be repeated. If the pixels are reduced to below 30, the

process will be carried out according to the process stated in the

following stage D. The principle is just that when there is a large

number of pixels, the elements with a large number of pixels will be

used as much as possible so as to cut down on the work of

manufacturing, processing, arranging and inlaying.

D. If there are only 30 pixels or less in a segment at the beginning, or
when the number of the remained pixels is reduced to 30 pixels or less,
according to a special plan, an element is formed through

decomposition, for example, the following is a solution for 18 pixels:

10



1nvent|on Is converted frompixels 1, 2, 3, 4, 641, 642, 643, 644, 1281,
1282, 1283, 1284, 1922 and 1923 (altogether 14 pi xel s) of the i mage of the
grid structure. Simlarly, the first hexagonal pixel of the second |ine of
the i mage of the honeycomb structure is converted from pixels 1924, 1925,
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® three 4-pixel elements plus two 3-pixel elements.

If the first solution doesn’t work, then the next one will be used because

the arrangement of the pixels in a segment is irregular. Though there are

many shapes of the honeycomb structure elements, it is not possible to
include all the shapes, hence it may not work if a smaller number of
elements including more pixels are used, but using more elements
including a smaller number of pixels will finish the plan more probably.

So the basic principle is just that when there is a small number of pixels,

according to the above solution, the object of evenness will be fulfilled.

E. A trial method is used to arrange honeycomb structure elements.

Assuming that the group of the number of the pixels included in the
honeycomb structure elements provided in stages C, D is N, the data
of a honeycomb structure element is taken from the group of the
number N of the pixels in the database mentioned in stage A, it 1s
judged whether the following two requirements are met by
comparison of the provided data with the data of a segment:

a. The whole honeycomb structure elements are in the segment;

b. The evenness of the size of the honeycomb structure elements in the
segment is not affected, for example, it is not acceptable if a 7T-pixel
honeycomb structure element is arranged and one or two pixels are
separated from it to form a small honeycomb structure element.

The honeycomb structure elements including the number N of the pixels

are taken out one by one for trial. If one honeycomb structure element
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Each time after one honeycomb structure element is formed through

decomposition, the information of the position, orientation, color and

shape of the honeycomb structure element is stored in a file for future

use.

F. Another single-colored segment is formed through decomposition
according to B, the operation processes of C to F are repeated until all

the single-colored segments are processed.

As stated in A to F, a two-dimensional image may be decomposed into a
plurality of the above single-colored honeycomb structure elements, the
results are shown in Figs. 9 and 11. Fig. 9 shows an image of a grid
structure, it can be said that the image in Fig. 11 is the result of the image
of Fig. 9 through the processing of the above respective stages. It should
be noted that many same color (as a color drawing cannot be used, colors
can only be distinguished in gray shading scales) honeycomb structure
elements are adjoined, it is because in practical use, usually fhe maximum
value of the number of the pixels included in the elements is not large,

and the number of a whole set of different honeycomb structure
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process repeated. |If the nunmber of the colors used is |arger than expected,

the size of the small cubes will be increased and the process repeated. The
above steps are repeated until the preset range is fulfilled. Each
hexagonal pixel fornmed as stated above has six sides, each pixel (excluding
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conpared wit the el enent rid structure so as to overcone the dul
condition 8?1 FpgmgfpﬁﬁgﬁFé “provide unlimted roomfor change. Only
such a hexagonal plxel can closely adjoin the adjacent pixels in six
directions to formthe honeyconb structure elenents of many different sizes
and shapes

As an example, if the elements with 95 shapes and 80 colors are chosen,
there are 7600 shape-color elements altogether, each honeycomb structure
element has six orientations, visually, there are more than 45000
different shape-color-orientation combinations. Assuming that the
resource is not sufficient and the honeycomb structure elements with 50
shapes and 60 colors are used, there are altogether 3000 shape-color
combinations. Since each element has six orientations, visually, 1ﬁore
than 17000 shape-color orientations can be provided. The variety is
tremendous. Even if it is viewed from a short distance, if is picturesque. It
is not like the traditionai mosaics of ceramic tiles that are only suitable

for viewing from a long distance.

It seems that 7600 kinds of different substantial honeycomb structure
elements are a large number. Actually if there are 95 different shapes on a
casting mold, each time when the casting is made, 95 elements with the
same color and different shapes are produced, only if the casting is made
80 times, every element is included. As compared with tens of colors,
countless petal shapes, countless leaf shapes and veins, and flower cores,
branches, various kinds of silk cloth, plastics, iron wires, etc. in a factory
for producing silk flowers, it can be said that to produce more than 7000
elements of the same material is simple. Moreover, it is seen from the

required storage space that assuming each element occupies a space of
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IR other words, a honeyconb structure elenent is a conbination of at |east
.one hexagonal pixels of the same color, the hexagonal pixels within the
honeyconb structure el enent are put together according to the
‘characteristics of the honeyconb structure, each hexagonal pixel within the
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occupied space may be expanded to 3 cubic meters. Therefore the

" occupied space is very small even for a very small-sized factory.

Not only there is no difficulty in storage, but the time for producing a
substantial image according to the method of the present invention can
also be greatly reduced. There is no need to draw the required picture on
a solid element in advance, then it is sintered, it will consume a lot of
money as well as a lot of time. By using the method of the present
mnvention, putting together the substantial elements will take only a few

days, and it does not require the whole process of direct drawing.

Most of the time spent is for producing the substantial elements and
putting them together or drawing. The time required for processing by a
computer is relatively short. The processes of manual production and

mechanized production are respectively stated as below.

In a small workshop, substantial honeycomb structure elements can be
arranged manually so as to obtain a substantial image. If an image of the
honeycomb structure as shown in Fig. 11 has been obtained on a
computer, and the four sides of the image are marked with a scale, then it
only needs to place a rule in the X and Y directions respectively, the

- positions of the respective points on the image will be known.

14



After processing by a conputer the image formed by the honeycomb structure
elements is outputted to a data file, by using the data of the honeyconb
structure el enments, the conputer can control a nechani smsuch as a draw ng
instrument or a robotic armand the Iike so as to draw the substanti al

| t i~ i .

(such a5 poybpltaBpBHI oo S O rtafBe gD e P ted M Syliafiars©

Certainly, i I cant r.ol hanj ' t.0ys

respect i ve hBEEinB] SfuRb RO C oA bR B, £ e o) oo
ttery, | ai l~of:h, | fabri | ast i tc, ' t

Phe honeyooHoToarOD: fclty sBRes Brotcnst dirnmtondnfalat a6 Birfige « nem

he above SPRECHYSORSRBNG NHiSsoRacaTeoRtortib 1 Ae. CBABAShSHIBR IS 1 uct ur e

oo C! e Bebsthed 255 b B Redly ke AP b Rhlel Bonbaff coch

honeyconb structure el enment in the above_ is single-colored I rder to

nmore clear Isg'uﬁm%glpﬁ@nﬁé&% Yi ADeraGeoRdingnto tHe serial chumbers rﬂ} gle

si ngl e-col ored. hgneyconb sirucgture el enent by deconposin .
9 ?1sted e(iem%nts and colors and arrange them ng a sugstantxal base

according to the listed positions until the whole image is fulfilled. It
should be noted that in the process of amranging a slow-curing and
transparent bonding agent shall be used first. The permanent bonding
agent will not be used for fixing until the arrangement of all the
substantial elements is fulfilled.

Of course, it is easier to use the automatic equipment of a robotic arm and
the like controlled by a computer for directly arranging and inlaying the
substantial honeycomb structure elements. For example, certain types are
provided with a drawing instrument having a working platform and
trademark cutter, etc., it can meet the requirements through slight change.
As generally the weight of a substantial element doesn’t exceed 2 grams,
if some other equipments are added, the weight load is not a problem.
The specific processes of arranging and fixing the substantial elements

are similar to the above. It is unnecessary to state them again.

The preferred embodiment of the present invention stated above merely
states the present invention by making examples. It should be understood

that ordinary persons skilled in the art can make various modifications

15



ant*j nage of the honeyconb structure will be specifically stated as bel ow
A. A set of elenents of various shapes are arranged, six orientations of
each el enent are taken as six different states, a database is established
by using the shapes of the quantity of six tinmes of the elenments, and

di vi di ng tWﬁﬂﬂﬂﬁﬂéiéﬁﬁaﬁﬁgﬁﬁﬁﬁgﬁﬁﬂégg?%ﬁ¢5Eﬁ§@fnber of the included

pi xels, that Is to Qi ncluded is taken as one

9 group and the nunber of six pixels included is taken as one
group, and on the analogy of this. B. A single-colored and individual
segnent is separated fromthe inmage of the whol e honeyconb structure,

one segnent represents a group of

16



‘pis xet s. Each pixel in the group at |east adjoins another pixel in the
.saie group, titat is to say, at least there is a conmon side between each

pi xel and the the sane group, in other words, except the
pi xels in the Hﬂﬂ]ﬁi MHE ot her pixel adjQins any-pi vnl in the
segnent. One s o-’ A ver 1%}\,% pi xe THESHEET/HAS BEEMq i ncl ude
several thousands of pixels or nore. @ e arqqgm@ﬁn han 30 pixels in

a segnent, the first attenpt to nake decorrp -t 1tT0TUSE t he

el enent s W+h+he—l—a+geeb—mﬁbe1~e+—rn—xeks———t+—ﬁte—p1&eeess—+—m+s
deconpositio ri,ed b red cin unber xels until .one

el enent isi %‘mh F‘r%{lﬁ Wﬁsmﬂﬁ‘iﬁum&lnh‘@k FW)@(g@s Slpg

conti nued gén the elenets with helar nber E ls. If
the remain b siraciye ¢ eBQFé’lt&BG aragter, é%s 1tth‘P‘%amP“S $ will be
repeated. Lf the pi xel s are reduced to bel ow 30, the process wll be
carried oufollQwamists t€§St 0 the process stated in the fol |l owi ng stage D.
The principle i,s just that, when there is a |l arge nunber of pixels, the
el ement s winputHng & pquinedoarags tops Lempulen;| be used as nmuch as possible
so as to cut down on the work of manuf act uri ng, processing, arranging
and i nl ayi diyiding tife square grid stmrtpre pipelsaiftherimagesinto grovpgbedormt t he
begi nni ng, or when the nunber of the remained pixels is reduced to 30
pi xel s or hewshexagomal pixtils gontairingpeplurhlity afi gridrstaiatuemnpixieds;f or med

t hr ough ,deconposition, for exanple, the following is a solution for 18

pi xel s:  using at least one hexagonal ptxel to form a plurality of honeycomb
structure elements of various different shapes and different colors, of
which the color of the hexagonal pixel is the average value of the
plurality of grid structure pixels contained therein;
storing the plurality of the formed honeycomb structure elements for
future use;
making operation by dividing the image into blocks according to the
colors of the inputted image, then using the stored honeycomb structure
elements according to the required shapes;
forming a new image composed of the honeycomb structure elements and
outputting it; .
putting together the elements on a substantial base in certain proportion

or drawing a substantial image according to the outputted image.

2. The method of constructing a two-dimensional substantial image
according to claim 1, characterized in that said elements are in the form

of honeycomb structure.

This Sheet Has Been, Rep
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Qs - * three 6-pixel elenents; ments plus two
4-pi xel el enments; or * one 6-pixel eI e r“lmﬂ !m;“ |er el-enments; or
* three 4-pixel el enent s plus two 3- p| e first solution

doesn't work, then the next one will be used because the arrangement of the

f th
Ee)r(lglyiolng strgg{éﬁre gk@ﬁgﬂﬁ&?ucnykﬁ;%gl}%g; ﬁglﬁ’ggfr%‘hfl it IOJ{nﬁtg gh;agglss
s inclu
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b c principle is jus a
e "2 SRR 4 haft S i ludiad e PLe L2 )

THIS SHEET HAS BEEN
REPLACED |

4. The method of constructing a two-dimensional substantial image

according to claim 1, characterized in that said honeycomb structure

elements are single-colored.

5. The method of conmstructing a two-dimensional substantial image
according to claim 1, characterized in that the operation of dividing said
square grid structure pixels into groups further comprises the following
steps:

a three-dimensional cube in which three basic colors, red, green and blue,
each occupy one of the dimensions is cut into many small cubes, any
average value of the 14 pixels of the grid structure within a certain small
cube is replaced with the same color, any small cube not including the
average value of the 14 pixels of the grid structure therein is considered
not to exist, after the whole cutting process is finished, it will be known

how many kinds of colors are used.

6. The method of constructing a two-dimensional substantial image
according to claim 4, characterized in that if the number of the colors
used is small compared with the preset range, the size of the cubes will be
reduced, and the process repeated; if the number of the colors used is
large compared with the preset range, the size of the small cubes will be

increased, and the process repeated; the above steps are repeated until the

-
18 his Sheet Has Been Replaced
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.E. "Atrial

nmethod is used to arrange honeyc

ment s.

- acgegording to the above solution, the object ﬂmﬁ nness WI [T be fulfilled.

Assum ng that the group of the nunber of th

in the

honeyconmb structure el enents provided in stages C, D |s N *the data

honeyconb I is taken fromthe group of the number N of
Plesef . SE08

t he pixels

of a

nentioned in s 74918 ‘'udged whet her
tHe following two requirements are met by %?%\ﬁg bt he provided

data with the data of a segnent: a. The

are in theass
el ements i

el ement. The hone %&?cinb structure ?.9 nts including the nunber N of the

pi xel s ar elPAgeH OWINE F¥PSne honeyconb structure

el enent

ucture el enents

i€t mnq“fe BHEAREERg ca b8 cﬁ%@nés%mi “§ub*5‘3€n€@° Ml vt e
secept e i B % S3him 0 SRR S S SRR SRR R o

or two pi x@?%o

ogke ceppBiesithe

A. a set of elements of various shapes are arranged, six orientations of

each element are taken as six different states, a database is established
by using the shapes of the quantity of six times of the elements, and
dividing them into groups is according to the number of the included
pixels, that is to say, the number of each kind of pixels is divided into

one group;

. a single-colored and individual segment is separated from the image

of the whole honeycomb structure, one segment represents a group of
pixels; each pixel in the group at least adjoins another pixel in the
same group, that is to say, at least there is a common side between

each pixel and the other pixel in the same group;

. if there are more than 30 pixels in a segment, the first attempt to make

decomposition is to use the elements with the largest number of pixels,
if the process fails, decomposition is tried by reducing the number of
pixels until one element is formed through the decomposition; then
the process is continued by using the elements with the largest number
of pixels, if the remained pixels are still over 30, the process of this
stage will be repeated, if the pixels are reduced to below 30,. the
process will be carried out according to the process stated in the

following stage D;

D. if there are only 30 pixels or less in a segment at the beginning, or

R

1 Hias Been Replaced
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*'co‘r.'ﬁorrrs with b as well as conform ng wtgll it f the pixels of
4 he next honeyconb structure elenment is t ﬁll”,"lmlmaccordi ng to the
stages C, D, then the operation process of *thfs Stagesis*carried out. If
all the honeyconb structure el enments in the group of the nunber N of the
pi xel s ar e t rwhendhe noynbereof thetremained pixels isesduveditor3a pixes br desssyel | as
conformng with a, the nunber of the pixels included in the next honeyconb

structure el egeontrding tteken speetldisontion,t he wlageat Gs Pormbdn thivmghper ati on
process of this stage is carried out. Each tinme after one honeyconb

structure el efegympesitionrgfl thé rfongs Rotiateimaveishitowork hehdmties meikit asheof t he

position, orientation, color and shape of the¢ S ure el enment
is stored in will beeysedr future use. F. Anot hel - 405 BEEN {segnent s
formed through deconposition according to}B, tH&EPbACkti on|processes of

CtoF areg e&%ﬁhﬁég”ﬂiak'thé' umbet F @bpﬁ%&weﬁahaedzegwmneyeoﬁfbocessed-

As stated in Ato a two-di nensi ona ge may be deconposed’into a

plurality of ROV Watal| h o] o r g el a the

results are s tg%n In alélegis&@a%lﬁgidﬁdeqﬂl g. ngégsﬁ%v\g éﬁ%aglg (ga%n%ifiad
honeycomb structure element is taken from the group of the number N

of the pixels in the database mentioned in stage A, it is judged
whether the following two requirements are met by comparison of the
provided data with the data of a segment:

a. the whole honeycomb structure elements are in the segment;

b. the evenness of the size of the honeycomb structure elements in the
segment is not affected,
if one honeycomb structure element conforms with b as well as
conforming with a, the number of the pixels of the next honeycomb
structure element is taken immediately according to stages C, D, then
the operation process of this stage is carried out, if all the honeycomb
structure elements in the group of the number N of the pixels are tried
one by one, but none can conform with b as well as a, the number of
the pixels included in the next honeycomb structure element is taken
according to stages C, D, then the operation process of this stage is
carried out,
each time after one honeycomb structure element is formed through
decomposition, the information of the position, orientation, color and
shape of the honeycomb structure element is stored in a file for future

use;
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structure It can be said that 11 is the result of
N mage of Fig. 9 through the pr ﬂ @ m !ﬂbove respective stages. It

r drawi ng cannot be used,

shoul d be noted that many sane
colors can only be distinguished in gray shadlng scal es) honeyconb

t he

ally
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8. The method of constructing a two-dimensional substantial image
according to claim 1, characterized in that the computer for outputting
said output image constructed by said honeycomb structure elements is
connected with an automatic equipment for automatically arranging and

fixing the substantial honeycomb structure elements.

9. The method of constructing a two-dimensional substantial image
according to claim 8, characterized in that said automatic equipment is a

robotic arm or the like.

10. The method of constructing a two-dimensional substantial image
according to claim 1, characterized in that the step of putting together the

elements or drawing a substantial image can be fulfilled manually.
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‘As* an exanple, if the elenents with 95 shapes and 80 col ors are chosen,
sthere are 7600 shape-col or el enents altogether, each honeyconb structure

el ement has six orientations, visually, there are nore than 45000 different
shape-col or-orientati on conbi nati ons. Assum ng that the resource is not
sufficient and the honeyconb struct ype ments with 50 shapes and 60
colors are used, there are altogether shape- col or conbi nations. Since
each el enent has six orientations, visually, nore than 17000 shape-col or
orientati ' ' ' L

ons—tamrbe-provided—The vartety s tremendous—EvernrT Tt IS
viewed fr hort .distance, it i i ciuresque; (1§ i ot i
traditi ongﬂﬁoiﬁ?ﬁ,@‘t o?nsvce@}'éﬁ’i g is%t“;rs@eg’rﬁlyhgﬂ%‘g%}‘b Sﬁé‘ggew' ng
froma | ong, di stanc |t.seens that 7600.kinds of different bst anti al
honey corb CICTIRRIS: & reARiags ds 4ePomposed e Besagqnal Rkl Wb el e o5
different s S on a cast. ng | d,.each ti. en the, castj] i s. made, 95
ol ermant o wAKhOF RESH-SRIpUHBE MG S CAPASISH ab Ao CoBuist ai DY, U5y 1 the
casting is_made 80 tines, every.element is included. conpar.ed wi,th tens
of colors, @oﬂﬂ%@@sp&eﬁf@@pé& tgguhﬂV@ﬂ@Ll éﬁﬂl sha@geamfnﬁf and
fl ower cores, . .
honeycomb structure elements of various shapes are combined, and a

required complete image is formed by putting together the honeycomb
structure elements. After the required image composed of the honeycomb
structure elements is formed; the corresponding elements are selected
from the prepared honeycomb structure elements (such as ceramic tiles or
glass, etc.) of various colors by using the mode of mechanization or
manual labor so as to fulfill the formation a substantial image on a base,
or directly draw colors on thé base based on the honeycomb structure

elements.



-br dnches, various kinds of silk cloth, plastics, iron wires, etc. in a
vactory for producing silk flowers, it can be said that to produce nore
than 7000 el ements of the sane material is sinple. Mdreover, it is seen
fromthe required storage space that assum ng each el enent occupies a space
of 13 25mMm times 20mm ti nes
3mm then eactFPBLYB8TBOZP can store nore than 660, 000 el ements, which form
33 inmages with 20,000 honeyconb structure el enents each, the size of each

i mage, being 1 square neter. Qther equipnment for |locating the el ements needs
to be added, and the occupi ed space nay ﬁe expanded to 3 cubic neters.
Therefore the occupi ed space is very sidltfl even for a very smal | -si zed
factory.

Figure 1



Not . only there is no difficulty in storage, but the tine for producing a
substantial inmage according to the nethod of the present inventi-on can al so
be greatly reduced. There is no need é? graM/the required picture on a
solid element in advance, then it is ih ered, it will consune a | ot of
noney as well as a lot of time. By using the nethod of the present

i nvention, putting together the substantial elenents will take only a few
days, and itYydoes not r i e the whghg~process of direct draw ng. Most
of the ti Spent is fo duci ng tbstanti a ment s anmng
them together or drawing. The tine required for pr i ng by ut er
is relatively short. The processes of nanual producti™n and nechani zed
production are respectively stated as bel ow. In a snmall workshop,
substanti al honeyconb structure el enents can be arranged manually so as to

obtain a sykstantial imgge, If an image of the honeyconb structure as shown
in Fig. 111Wiibbeen obt on a c , and t r sides gf the imge
are marked W a scale ] theh it . [{j::::)

Figure 2
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only heeds to place a rule in the X and Y directions respectively, the
positions of the respective points-on the inage will be known.

14 Si mul t aneously, if you have arranged all the required
substantial honeyconb structure el emenf{4s stated above and have a |i st
stating the information of the shapes, positions, orientations, colors,
.etc.. of the respective elenents (these data are stored in the database
stated int above stage~E), you only peed to take- out t he substanti al
honeyco cture el ements<one by o accordi i
the |ist nts ane /s and de t hem
according t listéd coSltlons untifl Jt he whole iT
shoul d be noted that in the process of "arrangi ng a sl ow curing
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t'ransparent bondi ng agent shall be used first. The permanent bondi ng agent
wll not be used for fixing until the arrangenent of all the substanti al
elements is fulfilled. O course, it is easier to use the automatic

equi prent of a robotic armand the |ike controlled by a conputer for
directly arranging and inlaying the substantial honeyconb structure

el ements. For exanple, certain types 4f¥lprovided with a draw ng instrunent
having a working platformand trademark cutter, etc., it can neet the

requi renents through slight change. As generally the wei ght of a
substanti al gl enment doesn't exceed 2 grans, if some other equipnents are

added, thg_ye i em The speci BL 0CEeSSKS.0
arrangi ng_g i i nts are ar to pove. It
IS unnecessg prefe epbodi men he

present invention stated dbuve ner tates the.present invention
maki ng exanples. It should be understood that ordinary persons ski
the art can make various nodifications

NV N
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daing (The clains are the anmended cl ai ns) 1. A nethod
of constructing a two-di nensional substantial inmge using honeyconb
structure elenents, characterized in that it conprises the follow ng steps:
inputting a required image to a conp8f#r; dividing the square grid
structure pixels of the inmage into groups to form new hexagonal pixels
containing a plurality of grid structure pixels; using at |east one
hexagonal pi xe o forma plurality of honeyconb structure el enents of
various dif shapes angd different co al
hexagonal p t he avekag s
pi xel s contain therein; sto g the pluralT e
structure elenments for future use; making operaton by dividinng/the i nage
into bl ocks according to the colors of the inputted i nage, then using the
stored honeyconb structure el enents according to the required shapes;
formng a new i mage conposed of the honeyconb structure elenents and




A\l

6utpUTt[ng It; putting together the elenents on a substantial base in
certain proportion or drawi ng a substantjal inmage according to the

s

out putted i mage. 2. The net hod of nstructing a two-di mensional
substantial inmage according to claim 1, characterized in that said elenments
are in the fspkinafb ructure. 3. The net hod of
constructin ‘ e : S

characteriz
pi xel s of af

Esey,

Lo,

s
e

i e



4. The method of constructing a two-di nensional substantial inage according
to'clai‘'ml1, characterized in that said honeyconb structure elenents are

si ngl e-col ored. 5. The met hod of ﬁ@?f ructing a two-dinmensional

subst antial imge according to clai , Characterized in that the operation
of dividing said square grid structure pixels into groups further conprises

the fol | ofiffiE e e it e e O| OF S,
red, greegae ‘ (i : to many
smal | cub e
within a al | cube
not includl re
therein i S
finished, of

const ruct 5,
character par ed
with the eps
stated in
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of colors used, if the nunber of the colors used is |large conpared with

2 " the preset range, the size of the cubes will be increased, the
steps stated in claim5 are repeated to]Hiqnd the new nunber of colors used,
t he above steps are repeated until the preset range is fulfilled. 7. The
met hod of constructing a two-dinmensional substantial inmage according to
claim1, ; - ; i i s oebbritiaels Lo Jl-npoo | Nt O
bl ocks ¢ R
shapes a
differe

Figure 11



by usi ng-the shapes of the quantity of six tinmes of _the el enents, and
dividing theminto groups is according to the nunber of the inclu

pi xels, that is to say, the nunber of each kind of pi >”' ﬂﬂﬂuma gint o
one group; B. a single-colored and individual segnent !tgiE ' u rﬂl m t he
I mage of the whol e honeyconb struct ;ﬁ;‘leﬁ one segnent ref)reberfts Sa group

of pi xel s; each pixel in the group st adj oi ns another pixel in the
same group, that is to say, | east there is 0 n side between each
pi xel and the other pixel iﬁﬁﬁ&fWS%ﬁﬁfn@adq%fcrYgﬁBﬁe arf r&bé qégq
pixels in a segnment, the first attenpt to nake deconposi tGﬂZC' t® l'

t he el enent s wth—thetargest—rurber—of—piels———if—theprocess—Hatt s,

deconposition is tried by, reducing the nunber o pj xel s until one
el enent is fol @mﬁﬁ%gﬁ ewta@émgoasqu-gﬁnenﬁ@nal subﬁ@npaﬁ@@@gei%smg
continued by using the elenments with the |argest nunber  of pixels, if
the remmi ned onesicomb estaigtire slements, ehasagiesizedsmfthehiit comprisese thel | be
repeated, if the pixels are reduced to bel ow 30, the process will be
carried out afedlovdingesteps:t he process stated in the
3

inputting a required image to a computer;

dividing the square grid structure pixels of the image into groups to form
new hexagonal pixels containing a plurality of grid structuré pixels;

using at least one hexagonal pixel to form a plurality of honeycomb
structure elements of various different shapes and different colors, of
which the color of the hexagonal pixel is the average value of the
plurality of grid structure pixels contained therein;

storing the plurality of the formed honeycomb structure elements for
future use;

making operation by dividing the image into blocks according to the
colors of the inputted image, then using the stored honeycomb structure
elements according to the required shapes;

forming a newlimage composed of the honeycomb structure elements and
outputting it;

putting together the elements on a substantial base in certain proportion

or drawing a substantial image according to the outputted image.

2. The method of constructing a two-dimensional substantial image
according to claim 1, characterized in that said elements are in the form

of honeycomb structure.



f ol'l owt ng stage D, D. if there are only 30 pixels or less in a segnent at

the.begi nni ng, or when the nunber of theTemained pixels 1s reduced to
30 pixels or |ess, according to a special | I ﬂmmlulmuﬁ ment is forned
t hr ough deconposition, if the first sol ut““”; 8§ #l then the next
one will be used, the special solution is asefl flor "aRi n§ the pixels

I ncluded in the respective elenents nore even, the follow ng are the
special solutjong for 18 pixels: * three 6-pixel elenents; or, * _two
5-pi xel el emeht Jee A1 peorstrugtings @ W%dlmemlaagle@ngsmha& BRB&R plus

three 4-pixel elepgents; or * three 4-pixel elenents plus two, 3-pixel -
el enents; E. m&ﬁﬂgtqﬂatmtlhé:hﬁmﬂierlz@dmmatmax hexagenaldgeixel s foaned

honeyconb structure_elenents provided in stages C, Dis N, the file of a

honeyconb st reygrmesicallyriom 14 pixrlsoff 2 grdtstmaguesup of the nunber N

4. The method of constructing a two-dimensional substantial image
according to claim 1, characterized in that said honeycomb structure

elements are single-colored.

5. The method of conmstructing a two-dimensional substantial image
according to claim 1, characterized in that the operation of dividing said
square grid structure pixels into groups further comprises the following
steps:

a three-dimensional cube in which three basic colors, red, green and blue,
each occupying one of the dimensions, is cut into many small cubes, any
average value of the 14 pixels of the grid structure within a certain small
cube is replaced with the same color, any small cube not including the
average value of the 14 pixels of the grid structure therein is considéred
non-existent, after th_e whole cutting process is finished, the total number

of colors will be known.

6. The method of constructing a two-dimensional substantial image
according to claim 5, characterized in that if the number of the colors
used is small compared with the preset range, the size of the cubes will be
reduced, the steps stated in claim 5 are repeated to find the new number

of colors used, if the number of the colors used is large compared with
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7. The method of constructing a two-dimensional substantial image
according to claim 1, characterized in that said operation of dividing the
image into blocks comprises the following steps:
A. a set of elements of various shapes are arranged, six orientations of

each element are taken as six different states, a database is established

by using the shapes of the quantity of six times of the elements, and

dividing them into groups is according to the number of the included

pixels, that is to say, the number of each kind of pixels is divided into

one group;
B. a single-colored and individual segment is separated from the image

of the whole honeycomb structure, one segment represents a group of

pixels; each pixel in the group at least adjoins another pixel iﬁ the

same group, that is to say, at least there is a common side between

each pixel and the other pixel in the same group;
C. if there are more than 30 pixels in a segment, the first attempt to make

decomposition is to use the elements with the largest number of pixels,

if the process fails, decomposition is tried by reducing the number of

pixels until one element is formed through the decomposition; then

the process is continued by using the elements with the largest number

of pixels, if the remained pixels are still over 30, the process of this

stage will be repeated, if the pixels are reduced to below 30, the

process will be carried out according to the process stated in the
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will be use&, fhe special solution is used for making the pixels

included in the respective elements more even, the following are the
special solutions for 18 pixels:

three 6-pixel elements; or

two 5-pixel elements plus two 4-pixel elements; or

one 6-pixel element plus three 4-pixel elements; or

three 4-pixel elements plus two 3-pixel elements;

- e e e e

assuming that the number of the pixels included in the honeycomb
structure elements provided in stages C, D is N, the file of a
honeycomb structure element is taken from the group of the number N
of the pixels in the database mentioned in stage A, it is judged
whether the following two requirements are met by comparison of the
provided data with the data of a segment:

a. the whole honeycomb structure elements are in the segment;

b. the evenness of the size of the honeycomb structure elements in the
segment is not affected,

if one honeycomb structure element conforms with a as well as b, the
number of the pixels of the next honeycomb structure element is taken
immediately according to stages C, D, then the operation process of
this stage is carried out, if all the honeycomb structure elements in the

group of the number N of the pixels are tried one by one, but none can
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10. The nethod of constructing a t \Isubst antial imge
according to claim1, characteri ze,wmlmmﬂ/!ﬂ”ﬂfep of putting together
;t he el ements or drawi ng a substanti®al ¢ nagey fulfilled manually.
conform with a as well as b, the number of the pixels included in the
next honeycomb structure element is taken according to stages C, D,
then the operation process of this stage is carried out;
each time after one honeycomb structure element is formed through
decomposition, the information of the position, orientation, color and
shape of the honeycomb structure element is stored in a file for future
use;
F. another single-colored segment is formed through decomposition
according to B, the operation processes of C to F are répeated until all

the single-colored segments are processed.

8. The method of constructing a two-dimensional substantial image
according fo claim 1, characterized in that the computer for outputting
said output image constructed by said honeycomb structure elements is
connected with an automatic equipment for automatically arranging and

fixing the substantial honeycomb structure elements.

9. The method of constructing a two-dimensional substantial image
according to claim 8, characterized in that said automatic equipment is a

robotic arm or the like.

10. The method of constructing a two-dimensional substantial image
according to claim 1, characterized in that the step of putting together the

elements or drawing a substantial image can-be fulfilled manually.



