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MA HOR VA THUC HIEN PHAN CUNG CHO BO MA HOA TIER-2
TRONG HE THONG NEN ANH CHUAN JPEG2000
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Trung t4m Nghién cifu va dao tao thiét k& vi mach (CDREC)
Pai hoc Quéc gia TP H6 Chi Minh

Trong chudn nén anh JPEG2000, Tier-2 12 khdi ma hoa cudi cing co nhiém vu sép xép va
déng goi dif liéu sau qua trinh nén. Bai bao nay phan tich chi tiét nguyén tic sip xép dif
liu va déng goi dif liéu trong truéng hgp anh cé nhiéu mic bién ddi wavelet khac nhau
twong ¢ng vGi ndm tién trinh sdp xép khac nhau dwge hé trg trong tiéu chuan ISO/IEC
15444-1:2000. Bén canh dd, cac tac gia da xay dung phan ciing, thiét ké maot 10i Tier-2
st dung trong nén anh tuan theo chudn JPEG2000. Sau qua trinh kiém tra chifc ndng trén
phan mém ModelSim, 10i ciing Tier-2 dugc thi hanh trén chip FPGA ctia Altera vdi toc do
hon 50 MHz va tiéu ton it tai nguyén. Loi citng Tier-2 dap dng day di yéu cau cta khoi
sap xép trong hé thdng nén anh theo chudn JPEG2000 hoat ddng vdi toc do 50 MHz.

Tir khéa: Tier-2, JPEG2000, coding pass, sap xép chudi ma bit, tién trinh chat lugng, tién

trinh quality, tién trinh resolution, tién trinh position, tién trinh component, gai, Idp.

CODING TECHNIQUE AND HARDWARE
IMPLEMENTATION OF TIER-2 CODING IN JPEG2000
ENCODER

Summary

In JPEG2000 Image Compression Standard, Tier-2 is the last
coding block for arranging and packaging the compressed data.
This paper analyzes in detail the coding techniques: arranging
and packaging the compressed data in case of an image having
various wavelet transform levels within five different arranging
progressions supported in ISO/IEC 15444-1:2000 standard. In
addition, a hardware implementation of a Tier-2 core used in
JPEG2000 Encoder is presented and the verification is based
on the ModelSim tools. The Tier-2 core operates at more

than 50 MHz and consumes little resources on FPGA chip of
Altera. Therefore, this core meets the requirements of 50 MHz
JPEG2000 Encoder System.

Keywords: Tier-2, JPEG2000, coding pass, codestream
reorganization, quality progression, resolution progression,
position progression, component progression, packet, layer.

1. GIO1 THIEU

Nam 2000, tiéu chudn JPEG2000 -
Part 1 dugc xuat ban. Tiéu chudn nay dugc
thiét k€ mdi dua trén nén phudng phap
wavelet. Cac phan tiép theo clia tiéu chudn
JPEG2000 dugc xuét ban vao cac nam tiép
sau [1]. Ciing giéng nhu céc tiéu chuén nén
anh va video khac (JPEG, MPEG-1, MPEG-
2, MPEG-4), muc dinh chinh ctia JPEG2000
la 1am gidm kich thudc cla anh géc bang
cac thuéat toan va qua trinh ma hoa phuc
tap ma van duy tri dugc mot muic do chét
lugng anh chdp nhan dugc. Vi JPEG2000
ky thuat x{ ly hinh anh sé dat dugc nhiing
k&t qua rat ngoan muc vi cé thé nén nhd tu
100-200 lan ma hinh &nh khong sai sét bao
nhiéu so vGi hinh &nh goc. Thuat toan trong
ky thuat JPEG2000 la chon mot s6 nho cac
song ngén (wavelet), cac séng nay dugc lap
lai & nhiing noi khac nhau, ty 1& khac nhau
dé md t& chinh xéc tin hiéu cda hinh &nh
2].
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nén &nh JPEG2000 thanh ba phén chinh la tién x{ Iy &nh
(image preprocessing), nén (compression) va sap xép di
liéu (codestream reorganization).

- Budc tién xi ly anh bao gébm ba chic nang
chinh 1a Tiling, DC Level shifting va Multicomponent
Transformation.

- Qua trinh nén (compression) &nh trai qua ba budc
chinh la bién ddi wavelet rdi rac (discrete wavelet
transform), lugng tl héa (quantization) va ma hoa Tier-
1.

- S&p x&p dii liéu (codestream reorganization): Tier-2
dong gai cac thong tin tong hdp cho méi code block cling
vGi dii liéu nén tao thanh cac gdi va sap xép cac goi vao
file JPEG2000 cudi cing [4].
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Hinh 1: hé théng nén dnh JPEG2000

I1. LY THUYET BO MA HOA TIER-2

Tier-2 bao gém hai nhiém vu chinh: s&p xép céc chudi
ma bit (codestream) da dugc méa hda vao cac IGp (layer)
va goi chung thanh cac goi di liéu goi la packet. Dya
trén céc nguyén tac sap x&p chudi ma bit nay ma anh
JPEG2000 c6 kha nang “compress one, decompress
many ways” (tam dich: nén bdng mét cach nhung giai
nén véi nhiéu cach).

I.1. Sap xép dii liéu

Sau qua trinh nén, di liéu di vao Tier-2 la cac doan
chu6i méa bit (codestream segment) (hinh 2). Tier-2 chia
cac doan chudi ma bit nay vao cac goi (packet) khac nhau
va sép x&p cac goi do vao file dit liéu cla JPEG2000
[5]-

Du’a} trén cac muc dich khac nhau sau khi nén ma
cach sap xép dii liéu nén cta JPEG2000 cling khac
nhau. Chu&n JPEG2000 hé trg nam tién trinh sép xép dii
liéu vdi cac muc dich khac nhau [2].

Xét cac géi thudc tile t, component ¢, resolution r,
precinct p va layer . Goi goi do 1a: $t.erpl .

Tile t c6 toa do [t1, t2] trong &nh. Precinct p co toa do
[p1, p2] trong tile t.
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Hinh 2: ducng da liéu cda chubi ma bit JPEG2000

Diéu kién ton tai goi Frerpl [a:

0=tl<N[: 0=t2<NE;

0=c==: 0=r=D, . +1;

0 < pl < NPP"";0 < p2 < N7

0<l<A,

Véi:

.1“*?' \ .1,.,'?' A N W R P T

-+¥1 va ¥z |a hé so s lugng theo hang va c6t cua tile
trong &nh.

- C la s6 lugng component cda anh.

- Dt +1 13 mic resolution clia component ¢, cla
tile t.
- Dt.c 1a muc ohan tich wavelet.
n”,p.r.r'.r' . nu.r.a.r.r'.r' o . . .

- va“‘z la s6 lugng precinct theo hang va
cot tai resolution r clla component ¢ cla tile t.

Pé don gian, xét trudng hop mot goi la mot layer clia
mot precinct clla mt resolution clla mot component clia
mot tile. M&i component clia mét tile (tile-component)
clia mot anh ¢ thé cé nhiéu mic phan tich wavelet khac
nhau. Dat: Dymax = max {D, .}

Xem xét ndm tién trinh sdp x&p trong chuén
JPEG2000:

1. Tién trinh Quality (LRCP: layer, resolution,
component, position)

Tién trinh quét:

Forl=0,1, .., 4 -1
Forr=0,1, .., Pumax
Forc=0,1,.,C-1
If(r < Dr.r)
Forpil=0,1,., V""" -1
Forp2=0,1,., V""" -1
Include #t.crpi




Hinh 3: hinh nén vdi cac ty I nén khac nhau theo tién trinh
quality

Tién trinh nay con dudc goi la tién trinh quality. D liéu
dudc quét theo tiing layer. Tat ca dii liéu thudc layer 0
cla toan bd cac codeblock cla tat ca cac resolution cla
tat ca cac component sé dugc ghi vao trong chudi ma bit
trudc khi dii liéu thudc layer 1 clia toan bo cac codeblock
dugc ghi vao codestram. Mbi code block bén trong méi
precinct c6 thé dong gép mot s6 lugng coding pass khéc
nhau cho méi layer dugc xét.

2. Tién trinh Resolution 1 (RLCP: resolution, layer,
component, position)

Tién trinh quét:

Forr=0 1 ,Dtmnx
Forl=0,1, -1
Forc_0,1, .,C-1
If(r < Duc)
Forp1=0,1,., 5" -1
Forp2=0,1,., V""" -1
Include #:.crpi

Hinh 4: hinh nén vdi cdc kich thudc khac nhau
khi doc chudi ma bit theo tién trinh Resolution

Tién trinh nay con dugc goi la “tién trinh resolution”. Khi
quét tung resolution, toan bo cac layer cla cac codeblock
thudc resolution 0 bao gom toan b cac component cla
tile dugc ghi trudc khi resolution 1 dugc ghi vao.

3. Tién trinh Resolution 2 (RPCL: resolution,
position, component, layer)

Tién trinh quét:

Tién trinh nay cling dugc goi la “tién trinh resolution”.
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Forr=0,1, .., Ptnax
If(r < Drr)
Forp1=0,1,
For p2=0, 1, .., V" -1
Forc=0,1, C 1
Forl =0, 1 -1

Include g‘t.r.r.p.

prrr

-1

10:1 Compression 30:1 Compression

Lossless Compression

Full
Resolution
—_—

Half
Resolution
—_—

Quarter
Resolution
—

Hinh 5: hinh @nh vdi ty 16 nén va do phan gidi khac nhau
dugc chiét xudt tor mét chudi bit nén téng thé

Trong tién trinh resolution & phan 2, khi ghi mot resolution,
tién trinh ghi dugc tién hanh theo tling layer. G tién trinh
nay, tién trinh ghi dugc tién hanh theo tling position. Tat
ca cac layer cla tat ca cac component clia tling position
dugc ghi trudc khi xét sang mét position khac.

4. Tién trinh Position (PCRL: position, component,
resolution, layer)

Tién trinh quét:

Forp1=0,1,., 5" -1
For p2=0, 1, L N -1
Forc=0,1,.,C-1

Forr=0,1, ..,
If(r<1?-'w)
Forl=0,1, -1

Dt.rnnx

Include §'r.r.r.j'-"-i

Hinh 6: hinh nén vdi cac ving khac nhau theo tién trinh Position
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Tién trinh nay con dudc goi 1a “tién trinh position” hodc
“ti€n trinh khong gian”. Vi tling vung precinct dugc chon,
chudi ma bit s& ghi theo ti€n trinh tu trén cla tile xuéng
dudi tile va tu trai sang phai. Tién trinh nay thuong dugc
st dung khi qua trinh tiling khong dugc ap dung.

5. Tién trinh Component (CPRL: component,
position, resolution, layer)

Tién trinh quét:

Forc=0,1,
Forp1=0,1, -1
Forp2=0,1,., V""" —1
Forr=0,1, .., Dtmnx
For |l = 0 1, -1
Include g‘f.f‘.i".p..

,C-1

I.llll,pn.r.n:'.r'

Hinh 7: hinh nén vdi cdc mau khdc nhau theo tién trinh Component

Tién trinh nay con dugc goi la tién trinh component. T4t
cé cac goi clia component 0 cla tile s& dugc ghi trudc khi
di liéu nén thuéc component 1 dugc ghi vao trong chudi
bit (bitstream). Trong qué trinh nén anh BMP, component
0 1a thanh phan Y (luminance component), bao gém tat
ca cac gbi chua théng tin anh (thanh phan grayscale)
dugc ghi trudc khi cac component chuia thong tin Vé cac
thanh phan mau dudc ghi vao trong chudi ma bit.

I.2. Déng gobi va sap xép dii liéu nén

1. Déng goi dii liéu thanh gai [6]

Sau khi dugc nén, chudi bit nén clia moi codeblock
dugc phan tach vao cac layer L vsio=l=A—1,

Goi Zi: s lugng coding pass clia codeblock B: sau
qué trinh nén déng gop vao layer 2a dén layer @: .

— S0 lugng coding pass cla codeblock B: dong gop
vao Iayerf Azl =z — Zi-1
% laténg s6 code bytes cla zj coding pass.
- So lugng code byte dong g6p vao layer @: cla Az
coding pass la: az® = 1% — p=°
Khi z} = 2!~ thita n6i codeblock B: khong dong gop
vao layer @, .
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Pon vi co ban téng hgp nén chudi ma bit cla
JPEG2000 la cac “Géi”. Mdi goi, #t,c.mp.1 , chiia codeblock
doéng goép cho moét layer @: ti mot thanh phan mau, ¢
tai mot resolution don, B | thudc mét precinct don, ¥ .

Byte Stuffing rountine

Packet body

S

Packet header

Empty header bit TR o o "

tags tags  tags code bytes code bytes code bytes

Hinh 8: c4u tric goi [4]

Trong trudng hgp don gian, xét anh bao gom mot
thanh phan mau va mét precinct, mot resolution tao thanh
mét géi. Va vdi trudng hdp nay, viéc sap xé&p dii liéu theo
tién trinh quality va tién trinh resolution dugc uu tién. Vi
trudng hgp nhiéu thanh phan mau va nhiéu precinct, cac
tién trinh position va component dugc uu tién.

Mot g6i gém c6 hai phan chinh: thong tin dau goi
(packet header) va théng tin dii liéu goi (packet body).
Thong tin dau géi chiia théng tin clia g6i va thong tin di
liéu goi chiia dii liéu nén. Bit dau tién cla goi xac dinh goi
c6 dit liéu hay khéng. Bit nay dugc goi la Empty header
bit, ft.erl,

- Néu et = 1 g6i c6 dit liéu.

- Néu uemmt = 0 goi khong c6 di liéu.

Trudng hgp goi khdng c6 dii liéu nghia la khéng cé
codeblock nao dong gop dir liéu vao géi nay. Khi d6 toan
bd gbi chi c6 moét byte don bao gébm mot bit MSB chi
gia tri cla e¢,c,rp,; va bay bit con dugc nhodi cho di mot
byte.

Khi goi c6 di liéu, kich thudc va cac théng tin khac
clia mdi codeblock ghi trong tag bit s& dugc ma héa va
ghi trong théng tin ddu géi. Téng hop clia empty header
bit va cac tag bit 4 ma hda cla cac khoi dii liéu tao
thanh thong tin dau géi. Co 4 thuat toan ma héa dugc st
dung dé déng goi cac tag bit thanh bén géi thong tin (s6
lugng bitplane c6 nghia cla coding pass; layer dau tién
ma codeblock dong gop di liéu; s6 lugng coding pass
dong gop vao trong layer dé; chiéu dai (bytes) ma cac
coding pass d6 dong gop vao layer dang xét) trong thong
tin dau gai la:

a. Thuat toan ma héa Tagtree

Tagtree 1a phudng phap ma héa mot mang hai chiéu
s6 nguyén khéng am theo cAu trdc phan cép, no lan lugt
tao ra sy suy hao dd phan giai cia mang hai chiéu dé
hinh thanh cay. Uu diém cla thuat toan ma héa tagtree
la sy linh dong trong ma hoa dii liéu va kha nang ma héa
t6i Uu s6 bit can thiét dé biéu dién mot mang di liéu hai



chiéu.

Tagtree ma hoa hai théng tin cla codeblock la: s
lugng bitplane c6 nghia clia coding pass va thong tin vé
layer dau tién ma codeblock dong gop dii liéu.

b. Thuét todn ma héa sé lugng coding pass

Thuét toan ma hoa so lugng coding pass (la thong tin
Az!) nhu sau:

-Né&uBz; =1 g{ii mot bit don “0”.

- Néu Bz; =2 g{ii mot bit don “17, theo sau béi mot
bit don “0”.

-Néu 3 =4z; =5 (i hai bit “1”, theo sau bdi hai bit
don biéu dién thong tin Azl — 3.

- Néu 6 < Azl =36 gUi 4 bit “17, theo sau bdi 5 bit
don biéu dién thong tin az! — e,

-Néu37 = Az} = 164 g(i 9 bit “1”, theo sau bdi 7 bit
don biéu dién théng tin ozl — 37.

Bdi vi s0 lugng coding pass I6n nhat dugc tao bdi mot
codeblock la 109 coding pass [1] nén bang ma hoa trén
théa man moi trudng hop clia coding pass.

c. Thuét toan ma héa chiéu dai (bytes)

Chiéu dai (bytes) ALY cpa BAz; gong goi vao layer !
la: ALT = Lblock + |log,{ Azl)]

V6i Lblock la trang thai cla codeblock (Lblock
dudc xét mac dinh bang 3).

d. Thuét todn ghép - nhoi bit

Nguyén tic hoat dong clia khdi ghép - nhdi bit:

- Bits dugdc géi thanh byte ti MSB t6i LSB.

- Khi mét byte dudc tao thanh tir cac bits, né dudc gan
vao thong tin dau goi.

- Néu gia tri clia byte méi dugc tao do la 0xFF, trong
byte ti€p theo, mot bit “0” (zero) dugc nhodi vao MSB cla
byte ti€p theo.

- Trong truong hop tat ca cac bit clia thong tinvdéu
g6i da dudc nhung, byte cudi cling dudc nhoi bit dé goi
toi hét bién cla byte dé va dudc ghi vao trong thong tin
dau géi.

- Byte cudi cung cla thong tin dau goi sé khong la
O0xFF (vi moét bit 0 luén dugc nhdéi vao byte sau mét byte
OxFF, ngay ca khi OxFF la byte cudi cuing). Trong trudng
hgp byte cudi cling nay la OxFF, chudi bit clia thong tin
dau goi sé dugc nhoi them mot byte 0x00.

Muc dich cla khoi ghép - nhai bit 1a ghép cac bit di
liéu clia thong tin dau goi sau khi ma héa thanh céc bytes
dé ghi vao trong chudi bit cudi cung.

2. C4u truc chudi bit JPEG2000

C6 hai cach sap xép cac goi (théng tin dau goi va
théng tin dii liéu goi) trong chudi bit JPEG2000 [3].
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BT o~ [0 e ] e ]
Packet Packet Packs End of cod
Header 0 Header 1 Head am mark
End of cod
Tile Header 0 n lIa ke
v
B TR o~ [ e [ e )

Hinh 9: sdp xép céc gdi trong chudi bit JPEG2000

C4u truc chi tiét chudi bit ciia JPEG2000 [2]:

——  Bitbudc

., Cathéco
hojc khang

(Céu tric tile-part header

€6 thé c6
hojic khong

o o a
8

2 e e s e e

Hinh 10: c4u truc chi tiét chudi bit ctia JPEG2000 (trong dé
SOC, SOT, SOD, SOP, EOC, COD, COC, QCD, QCC... la cac
marker segment chiia toan bé théng tin clia dnh JPEG2000)

111 THIET KE KHOI MA HOA TIER-2
ll.1. Cach xay dung khdi Tier-2 trén phan cling

Duya vao phan tich trén, mot s6 van dé can giai quyét
khi xay dung khéi Tier 2 trén phan ctng la:

- Tru6c khi sap x&p dii liéu theo mot trong nam céch,
phai luu toan b di liéu nén cla tat ca cac thanh phan
mau clia cing mét tile clia anh. Sau do, véi cach sap xép
khac nhau, cac block dii liéu nén sé dugc quét theo cac
céch khac nhau. Nhugc diém la sé& tiéu tén thdi gian trong
qua trinh luu tr@.

- V@i trudng hgp khdng tiling, phai luu lai toan bo di
liéu nén cla anh. Véi kich thudc I6n nhéat ctia anh la 4096
x 4096 thi kich thuéc cla di liéu anh sau khi nén la kha
I6n. DE gii quyét van dé vé luu trit, mdt RAM ngoai dugc
dung dé luu tri dii liéu sau khi nén cho Tier 2.

- Phéan chinh cla Tier-2 phai bao gébm bén khdi con
chinh:
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+ Khéi ma hoa théng tin cla main header (main
header chiia thong tin co ban clia &nh: chiéu dai, chiéu
rong, so thanh phan mau, tf 1é lay mau, ving ROL...).

+ Khéi ma héa thong tin cla tile - part header (tuong
ty nhu main header, tile - part header chua théng tin ma
hda cla riéng tung tile).

+ Khoi dong goi cac goi.

+ Khéi Controller diéu khién qué trinh quét va ghi.

Vay khai Tier - 2 gdbm ¢6 bén phan chinh:

- Main header Encoder.

- Tile header Encoder.

- Packet Encoder.

- Controller.

l1l.2. Thiét ké khoi Tier-2

“Dua trén nhiing phan tich nay, tac gia xay dung thiét

ké phan cung cho khdi Tier-2 nhu sau:

{soi, sol, such,
coch, col, col}

Arranging controller

1hyte+
Ihyte+ 1valid

X /
3valid Data compression filo

Data_in

1hyle+
1 valid

=t FF
1hbyte+ —1_
Hhyies 1es vlid
Lvalid 1va - /
16¥ Entmlt-r.7L]_
dhtes+
4valids
Tile header Encoder BF
Ybytes+
Main header Encoder Hvalids i

Hinh 11: so dé phan cting khéi Tier-2

dbytes+1 vallds
Datainfo

Trong do:

- Khoi Arranging controller lam nhiém vu giao tiép vdi
RAM ngoai, quét dii lieu va diéu khién hoat dong clia ca
module Tier-2.

- Khéi Data compression FIFO chia dii liéu nén sau
khi quét hét mot goi.

- Khéi PE Encoder: ma hoa thong tin header cla
goi.

- Tile header Encoder: ma hoa thong tin header cla
tile dang quét.
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- Main header Encoder: ma héa thong tin header cla
toan bo anh.

- BF (Buffer) la céc buffer cé tac dung ghép néi dudng
dii liéu tuong Uing gilia cac khoi con.

- Khéi MUX: 1am nhiém vu chuyén kénh, dugc diéu
khién béi khéi Arranging Controller.

- Khai IBF (Input Buffer): luu trii cac géi dii liéu data
info dau vao cla Tier-2.

Ngay khi cai dat cac thdng s6 ma hda cho anh (tiling,
mUc wavelet, mic lugng td, ty 1& nén, vung ROL...) va nhan
thong tin anh (chiéu dai, chiéu rong, thanh phan mau..)
khoi Arranging controller cho phép dii liéu ti Main Header
ghi vao trong file JPEG2000 truéc. Sau dé, thong tin clia
ting tile sé dudc ghi vao trong file JPEG2000 (trudng hgp
khong tiling dugc coi nhu toan bd anh thudc cung mot
tile). Di kém vdi tile header (hinh 10) 1a di liéu nén cla
tuing tile. Céc tile dugc ghi theo thi tu t trén xudng dudi,
tu trai sang phai cho dén khi quét xong toan bo anh. Bén
trong céc di liéu tile la cac goi (bao gobm thong tin dau goi
va thong tin dii liéu goi) dudgc ghi theo moét trong hai cach
nhu trong hinh 9. Céc thong tin dau géi dugc ghi trudc khi
ghi thdng tin dii liéu goi vao trong file JPEG2000.

Qué trinh déng g6i dif liéu nén thanh cac goi va sap
x&p vi tri clia cac gbi dugc khoi Arranging Controller tién
hanh dya trén mot trong nam tién trinh do khach hang
(user) lya chon (hodc tién trinh phi hgp véi muc dich
nén). Quéa trinh dong géi va sp xép dugc ti€n hanh nhu
trong phan I1.2.

IV. KET QUA KIEM TRA VA TONG HOP PHAN CUNG

IV.1. K&t qua kiém tra thiét ké

Sau khi hoan thanh thiét k& va viét code RTL béng
ngdn ngii Verilog, 16i Tier-2 dugc kiém tra chiic nang
bang phan mém md phdng ModelSim [9].

Trong méi trudng kiém tra nay, tac gid st dung di
liéu trong mot &nh chuén BMP 1a logo clia Pai hoc Quéc
gia TP H6 Chi Minh, kich thudc ban dau la 677x291 (hinh
12). Sau khi gan cac header (main header, tile header,
packet header) va sap x&p lai dii liéu thuc hién trong
khéi Tier-2, file &nh chu&n BMP sé& chuyén thanh file anh
chu&n JPEG2000 (hinh 13) v6i tf 1& nén séu 1an. Viéc hién
thi hinh anh s dung phan mém kakadu [8] - phan mém
hién thi &nh JPEG2000 trong hé diéu hanh Windows. Ta
c6 k&t qua kiém nghiém nhu sau:
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Hinh 13: anh sau khi sap xép
di liéu theo chudn JPEG2000

Hinh 12: &nh BMP ban dau
(677x291)

K&t qué qua trinh sép xé&p dii liéu trén ModelSim:

J

Hinh 14: két qué mé phdéng qua trinh xudt di liéu

D lieu ngé ra la cac header va cac chubi bit da dudc
sépﬂxé’p. Dé kiém chiing viéc sip xép cac header va
chuoi dif liéu nay, tac gia st dung phan mém Winhex [7]
dé doc di liéu hex text trong file JPEG2000.
£S5 WinHex - [dhag2k DR . |

%Eile Edit 5Search Mavigation View Tools Specialist Options Window Help

hedESE ) By @ O ) [ T —+ A &=
Fie Edt dhag 2k |
Offset 0 1 2 3 4 5 & 7 8 9 A& B C

oooooono
oooooolo
gooooozo
noannnan

Hinh 15: két qua doc di ligu hex tu file anh JPEG2000
béng phdn mém Winhex

IFF 4FIFF EIIDD 29 00 00 02 DDIDD oo oo
oo 00 0o oo 0z A5 00
oo 00 00 0O OO0 OO OO OO OO 03 07 01 01
n7? o1 N1 FR B2 00 ac nn nnonn N1 a1 ng

IV.2. Két qua téng hop phan cling

Sau khi thiét ké va kiém tra k¥ luéng chiic nang hoat
dong, 10i Tier-2 da dugc téng hop trén FPGA cla Altera
bang phan mém Quartus II, version 11.1. Sau day la két
qua téng hap:

Thist bi FPGA Cyclone Il Cyclone Il Stratix Il Stratix Ill
' EP2C20F484C6 | EP3C16F484C6 | EP2S15F484C3 | EP3SE50F484C3
Tén s6 max (MHz) 87,9 107,91 129,57 157,9
Tai nguyén st dung
+ Registers 199 (1%) 196 (1%) 197 (2%) 197 (<1%)
+ALUTS (Les) 657 (4%) 544 (4%) 412 (3%) 417 (1%)
+ Memory bits 87040 (36%) 87040 (17%) 87040 (21%) 87040 (2%)

Khoi Tier-2 hoat dong véi tan s6 trén 50 MHz, tai
nguyén tiéu tén la rat it, st dung 4% thanh phan logic va
1% thanh ghi danh cho dong chip FPGA gia ré (Cyclone)

NGHIEN CUU - TRRO PO

va s6 lugng tai nguyén thdp nhat. Do do, khdi Tier-2
phu hop véi yéu cau hoat dong clia bd nén anh chuin
JPEG2000 téc do 50 MHz.

. KET LUAN

Hé théng nén &nh chudn JPEG2000 véi nhiéu uu
diém vugt troi vé chat lugng &nh véi hé s6 nén &nh rat
cao. Tuy nhién kém theo dd, cac thuat toan ma hoda s
dung trong nén anh chudn JPEG2000 that sy phtic tap
va tiéu tén nhiéu thai gian x{ ly. Trong dd, Tier-2 véi cac
gii thuat sdp xé&p phuc tap la mét trong cac khdi tiéu tén
nhiéu thdi gian tinh toan nhét, cting véi khdi Tier-1 va khai
bién d&i wavelet rdi rac. Tuy nhién, Tier-2 khong phai la
kh6i nén chinh trong chu&n JPEG2000 nén céc giai thuat
nay chi gidp Tier-2 nén dugc mét lugng nhd dir liéu. 0
day, tac gia da tim hiéu can k& cac ky thuat ma héa dudc
quy dinh bdi chu&n nén anh JPEG2000 - part 1, nham
giip ban doc hiéu rd quy trinh s&p x&p va dong géi di
liéu nén &nh trong chudn nén anh JPEG2000. Viéc toi
uu hoa céc thuat toan sii dung trong thiét k&€ phan cting
chua dugc phan tich chi tiét & day vi cac thuat toan nay
kha phtic tap. Tac gia sé phan tich chi tiét cac thuat toan
nay trong mot tai liéu khac.

Viéc kiém tra thiét k& cung véi viéc thi hanh trén chip
FPGA dugc thyc hién theo ding quy trinh thiét ké vi
mach. Tuy nhién, thiét k& phan cting Tier-2 nay chi ap
dung cho qué trinh nén &nh JPEG2000 vGi mot dén ba
thanh phan mau (khéng hd trg &nh nhiéu hon ba thanh
phan mau). Ngoai ra, thiét k& sdp x&p dii lieu thanh file
JPEG2000 theo chuén “.j2k”, chua sdp x&p theo chuén
“jp2”, mot chudn sap xép dii liéu khac dugc ghi trong
JPEG2000 - part 2 =
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