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UNG DUNG KY THUAT FRACTAL VAO XU LY ANH
FRACTAL THEORY APPLIED TO IMAGE PROCESSING

Lé Tién Thuong ', Nguyén Vin Phic’
Truong Pai hoc Bach Khoa Tp. HCM!
Triwong Pai hoc Sw Pham Ky Thudt Tp. HCM?

TOM TAT

Hinh hoc Euclide véi chiéu ciia doi teong la mot s6 nguyén cho phép mé ta cdc vit thé nhén
tao nhuw hinh vuéng, hinh tron, hinh tam gidc, hinh chdp...Vi thé hinh hoc Euclide khéng thé
mé ta day dui dwge cac hinh anh c6 trong tw nhién von rat phirc tap nhw mdy, nii, cdy 6,
dwong bo bién...Fractal la tir viét tdt cia Fractional Dimension. Hinh hoc Fractal véi chiéu
ciia doi tiwong co thé la phan s6 dd mé réng hinh hoc Euclide cé dién cho phép phan anh thé
gidi thiwe ddy di va chi tiét théng qua cdc hé ham lip IFS (Iterated Function Systems). Bai
bao nay ing dung ly thuyét hinh hoc Fractal dé tao ra cac anh nén trén mdy tinh, trén dién
thoai di déng va trién khai thwc hién gidi thudt tao anh Fractal trén Kit ARM - Cortex 32 bits
LM352965.

ABSTRACT

The Euclidean geometry defines the dimension of objects as a positive integer. This permits to
describe the artificial objects such as a square, a circle, a triangle, a pyramid...Using this
geometry, we cannot fully describe the more complex natural objects such as clouds,
mountains, glasses, trees, coastlines...Fractal stands for Fractional Dimension. The Fractal
geometry defines the dimension of objects as a fractal number. This geometry is an expansion
of the classical Euclidean geometry. It can describe the natural objects fully and particularly.
Iterative function systems are used for these descriptions. This paper uses the theory of
Fractal geometry to create the background images on computers, on mobile phones and some
Fractal images are deployed on the LM3S2965 32 bits ARM - Cortex Kit.

Twe khoa: Fractal Dimension, Fractal theory, Fractal Images, Mandelbrot set, Iterated
Function Systems, ARM — Cortex LM352965.

1. Giéi thiéu
Hinh hoc ¢ dién Euclide mo ta cac doi

Ly thuyét hinh hoc Fractal dé cap dén
chiéu ctia ddi twong co thé 1a phan sb [1,2].

tugng bang cac biéu thirc toan hoc. Cac dbi
tuong nay c6 so chiéu 1a mot sd nguyén:
mot diém tuong tmg c6 chidu bang 0, mot
duong théng ¢ chiéu bﬁng 1, mot bé mat
¢6 chiéu béng 2, mot thé tich co chiéu béng
3. Trong bai todn tim chu vi, di¢n tich cua
mot dbi tuong, khi xét dén mot vi phan rat
nho dx thi ta quy n6 vé duong thang, mot vi
phan dxdy ta quy vé mot hinh vudng, hinh
chir nhat.

Ly thuyét nay mé ta cac dbi twong bang cac
hé ham lap, thich hop dé mo ta cac ddi
tuong trong tu nhién. Khi xét dén mot vi
phan dx, dxdy, 1y thuyét hinh hoc Fractal
khong quy né vé mot duong thing, mot
hinh vudéng hay hinh chit nhat cho du dx, dy
vO cling bé. Cac ddi tuong Fractal déu
mang cac chi tiét dac trung khi chung ta
phong to d6i tugng dé quan sat [2].

Sy ra doi cua 1y thuyét hinh hoc Fractal
tao ra 3 mang ung dung 16n [3, 4]:



- Ung dung trong vandé taoanh nén trén
may tinh, trén dién thoai di dong.

- Ung dung trong k¥ thuat nén anh.

- Ung dung trong nghién ctru khoa hoc
co ban.

Bai bao s dung 1y thuyét hinh hoc
Fractal dé trién khai mot s6 ham lap IFS tao
nén cac anh nén sinh dong véi nhiéu mau
sdc st dung cho may tinh va dién thoai di
dong. Cac anh Fractal nay dugc md phong
trén Matlab va trién khai trén Kit ARM
LM3S2965. Trong thyc té cac dién thoai di
dong hoat dong hoan toan doc lap voi may
tinh, viéc trién khai giai thuat tao anh
Fractal trén Kit ARM d dam bao vé kha
nang thyc thi ing dung trén dién thoai di
dong.

2. Ly thuyét hinh hoc Fractal
2.1 Chiéu trong hinh hoc Fractal (box-
dimension)

Chiéu trong hinh hoc Fractal 1a mot dién
ta toan hoc. N6 dua vao kich ¢& vat thé
dugc tac dong nhu thé nao khi chidu tuyén
tinh gia tang [5, 6].

Goi:D 1a chiéu cua vat thé

1/T 14 d6 tuyén tinh ti 1¢.
S6 lwong vat thé gia ting 1a Nkhi
duoc tuyén tinh ti 1€.

Tacé: NT° = 1D = Z25(1)

leg=

Xét tam gidc Sierpinski:

AL

T=1/2
N=3
D==2=158

2.2 Phép bién ddi dong dang
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Phép bién d6i déng dang dung dé tao ra
cac anh Fractal c6 hinh dang gidng véi anh
khéi tao (initiator) nhung véi ty 1€ khac
nhau, dong thdi c6 thé xoay anh véi mot
gbc xoay xac dinh.

Phép bién ddi dong dang W ¢6 dang:
w@=w() =6+ o
Véia, b, c, d, e fER
bat:

A=(5), t=(3) 3)

\c __‘-Ja
w(z)=Aa(%) =T )

Phép bién ddi trén déng vai tro hét sic
quan trong trong viéc md phong anh tu
nhién vi cac hé s6 ma tran bién d6i chira
dung kha ning co gidn, quay, dbi xung,
dich chuyén hinh.

Céc phép bién d6i co ban:

- Phép dich chuyén:
_ (1 o0 —— e 5
A= 4) T=(;) )

Vector T 1a vector dich chuyén.
- Phép co gidn: Véi tam co 1a gbe 0(0,0)
a=GIr=0) (6)
- Phép quay: tam quay 1a gdc 0(0,0), goc
quay la &.
_ ["C‘c‘;s&' —Sin@ -.l = 0 -' (7
\Sin@ Cos8 / \Q/
2.3 Diém bét dong va anh xa co [5, 7]
- Pinh nghia diém bat dong:
Gia st f* X — X la phép bién doi trén
khong gian Metric. Piém x/£ X duoc goi la
diém bat dong néu:

®)

Diém béat dong giup ta truy tim anh

fx,) = x,
Fractal, giip chiing ta tim thdy phan khong
gian bét bién dudi phép bién doi.
- Pinh nghia anh xa co:
Phép bién doi £ X — X trén khong gian
Metric (X, d) dugc goi 1a 4nh xa co néu:
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30 £ 5 < 1 saochoVx,y € X
d(f(x).f [_}‘,:’} <s.d(xy) )

Hé sb s duoc goi la h¢ s6 co cua f

- Pinh ly anh xa co:

Gia s f- X — X la 4nh xa co trong
khong gian Metric day da (X, d). Khi d6 f
¢6 duy nhit mot diém bat dong x, € X, va
xydugce tim thdy bing cong thic sau:

lim, . f9"(x) =xr (10)

VoixeX, n=20,1, 2...

3. Trién khai giai thuit tao anh Fractal
trén Kit ARM LM3S2965

LM3S2965 thudc dong Stellaris family
cua Luminary Micro [8]. Cling nhu céc chip
khac trong Stellaris family LM3S2965 duogc
tich hop ARM Cortex M3 core. LM3S2965
duoc thiét ké cho cac tmg dung trong cong
nghiép nhu cac thiét bi giam sat tir xa, cac
thiét bi kiém tra do luong, cac tmg dung vé
network, game, xur Iy media, cac iing dung
bao mat. ..

ARM cortex M3 c6 dic diém quan trong
sau:

- Tiét kiém nang lugng, hiéu suét cao.

- C6 kha ning dép tng thoi gian thyc tot.

- Thoi gian tré thap.

- Hau hét cac 1énh duoc thuc hién trong
mot chu ky don.

Ngoai cac by nhé core ARM cortex M3,
LM3S2965 con duoc tich hop thém céc
ngoai vi nhu Serial Interfaces phuc vu cho
cac ung dung network, Motion Control cho
cac tmg dung diéu khién, Analog cho céc
tmg dung DSP, System cho reset hé théng,
hibernate.

Khdi hién thi

d6 hoa OLED

Hinh 1 - Giao dién Kit ARM LM3S2965
Luu d6 téng quat dé trién khai cac giai
thuit tao anh Fractal trén kit ARM:

Bit dau

Vv

Khoi tao cac thong s6
ban dau

!

Luu cic thong sb va
chuong trinh vao bd

Thuce hién cac ham
lap twong Gng véi
cac anh Fractal

!

Kiém tra Sai
didu kién

Luu gia tri cac
diém anh

dirno

\L bing

Hién thi cac diém
anh trén OLED

)

Két thuc
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V& co ban cac thuét toan trién khai trén
phan mém déu c6 thé str dung dé trién khai
trén ARM nhd vao céc trinh bién dich ho
tro san. Pay 1a diém manh ciia ARM so véi
cac dong vi diéu khién khac.

4. Két qua thyc hién

Trong bai bio ndy, cic két qua md
phong giai thuat tao anh Fractal duogc thuc
hién trén phﬁn mém Matlab. Viéc trién khai
giai thuat trén Kit ARM, tac gia st dung
trinh bién dich dé nghi ciia Luminary Micro
12 phan mém Red Suite phién ban 3.4

4.1 Két qua md phong trén Matlab

4.1.1 Tap Mandelbrot
Biéu dién toan hoc cua tap Mandelbrot:
Zoi1 = 7> + € (11)
Véi ¢ 1a tap hop s6 phirc
n=0,1,2,3...
Céac budc thé hién tap Mandelbrot:

- Budc 1: Chon gié tri khéi dau ¢ =
(P.9) »

- Budc 2: Kiém tra ¢ thudc 16p 1 hay
16p 2.L6p 1 gdém cac gia tri ¢ lam cho day
z, khong tién ra vo cuing ma duoc giéi han
trong vong tron ban kinh 2.Lp 2 gém cac
gia trj phtc ¢ lam cho ddy z, tién ra vo
cung.

- Budc 3: néu thudc 16p 1 thi t6 mau
bang mau xanh dwong.Néu thudc 16p 2 thi
t0 mau tuy theo giad tri ngudong k lam cho
|zx| 16m hon 2.

- Budc 4: Quay lai budce 1 voi gid tric
moi cho dén khi khao sat hét cac gia tri ¢
can khao sat.

Hinh 2 13 két qua mé phong trén
Matlab cua tap Mandelbrot vdi cac gia tri p
va q khac nhau.

(@) (b)
-0,1380 < p < —0.1180 —-1.67365< p<-1.6733
=[1 8678 g « = &' . .
ot TR =0.00035 < g < —0.00

Hinh 2 — Tap anh Mandelbrot

4.1.2 Mot s6 anh Fractal khac da thue
hién:

Tir phuong trinh (11), néu ta thay doi
cac gia tri khoi tao cia z va giir ¢b dinh gia
tri cua c ta s€ thu dugc tap anh Julia.

Hinh 3 13 két qua mo phong tap Julia
véi cac gia tri khoi tao cua z khac nhau.

(a) (b)

z=0.42286+ 0.2749i
Hinh 3 — Tap anh Julia

z=-0.32572 + 0.68857i

Hinh 4 14 anh cua cay duong xi Fractal
¢6 biéu thirc ham lap:

L (X _ F L (12)
W [x |=4 [F} ]

o, _[085 0.04] »_ (0
voia = [—0.94 D.SS}’J =16/

01:
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ki=-ik=j
a=05,b=04
c=1,d=0.05

Hinh 4 - Cay duong xi Fractal

Hinh 5 thé hién Fractal Lindermayer
voi quy uoc khi gdp ki tg F: v€ duong

thang, +/- s& thay d6i mot goc 1a x.

Néu ta chon chudi khéi tao ban dau 1a
F++F++F, chudi thay thé c6 quy luit la
F-F+F+F-F va goc x 1a 1.5708 (tuwong tng
la 90 d9), sau 3 lan lap ta s€ thu dugc anh

Hinh 7 - Fractal Quaternion

4.2 Két qua thyec hién trén Kit ARM

Sau khi md phong trén phan mém
Fractal nhu sau: Matlab, .tr.ong phan né}y tac gia thuc hién
nhitng giai thudt tao lai cadc anh Fractal nay
trén phan ctng sir dung Kit ARM Cortex 32
bits LM3S2965.

Céc anh Fractal tao boi may tinh c6 do
phan giai 16n hon d§ phan gidi cua man
hinh OLED ( 128 x 96 ) [9] nhiéu 1in nén
viéc thuc hién cac anh Fractal trén Kit

ARM gip nhiéu han ché vé chi tiét va mau
Hinh 5 - Fractal Lindermayer
Hinh 6 thé hién anh Fractal Pickover co

phuong trinh:

sdc cua ddi tugng. Vi thé trong bai bao nay
tac gid chi thuc hién giai thuat tao anh
Fractal trén kit dbi v6i tap Mandelbrot va
x = sin(b*y) + c*sin(b*x) (13)  cay duong xi Fractal. (3.6)
y = sin(a*x) + d*sin(a*y)

) Hinh 8 thé hién tap anh Mandeivrot ucu
Vé6ia=2.15,b=1.75,¢=0.89,d=14

Kit ARM véi cac gia tri thay ddi cta p va q:

O R L B

Hinh 6 - Fractal Pickover

Hinh 7 thé hién anh Fractal Quaternion

7345 ne =167358
c6 phuong trinh: 0.96 y . 0045 < g < —0.0001
2Z - 2a * b2i +oj +dk (14) Hinh 8 — Tap Mandelbrot trén Kit ARM
=Pl — ] P
vorr=y N Hinh 9 thé hién anh cdy duong xi
y=-n=

. L Fractal trén Kit ARM véi:
ik=-kj=1



~[085 004]p_(0)

4=]_00s ossl’ =16

Hinh 9 - Cay duong xi Fractal
5. Két ludn
Bai bdo da trinh bay giai thuat tao cac
anh Fractal trén phin mém Matlab va trén
Kit ARM LM3S2965 dé tmg dung trong
viéc tao anh nén cho may tinh va di¢n thoai

Viéc tng dung 1y thuyét hinh hoc Fractal
ung dung trong ky thuat nén anh s€ co
nhiéu tng dung thuc té trong linh vuc y
khoa va trong quan su [4, 5].

Trong y khoa, khi phéng to anh Fractal
voéi ti 1& cho phép chung ta s& dé dang quan
sat cac chi tiét bat thuong cua anh chup tir
cac thiét bj y té ma mat thuong kho quan
sat duge. Piéu nay hd trg dic luc cho céac
bac si trong viéc chuan doan bénh.
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