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TOM TAT

Luong tir la mot phan quan trong can thiét trong chudn nén anh JPEG2000. Qud trinh
leong tir lam gidm sé bit cdn biéu dién trong tdt ca cac sub-band. Bai bdo nay da tim 2 gid tri
mantissa va exponent dé cho két qua nén hinh anh t6t nhdt cho timg mirc bién déi FDWT trong
chudn nén anh JPGE2000. Mt khdc trong bai bdo hé tro chia hinh anh ra duéi dang code-
block co kich thuoc 16x16, 32x32, 64x64. Qua trinh chia code-block hé tro thue hién ma héa
tier 2 hiéu qua trong ché do thwc hién thoi gian thyc. Thuc nghiém hoa hé théng trén bang mach
FPGA la mét buéce can thiét dé minh chieng cho hiéu qua ciia phirong phdp dé xuat. Kiém tra
thiét ké sir dung matlab, Modelsim VCS va Quartus 1I.

Tir khoa: Luong tu hoa, FDWT, JPEG2000, budc nhay, sub-band, ROL

ABSTRACT

In the JPEG2000 standard for image compression, quantization is a necessary lossy tech-
nique to significantly reduce bit number in all sub-bands. In this paper, mantissa and expo-
nent coefficients have been found for the best solution for the 8-bit and 16-bit images in the
JPEG2000 image compression standard. Furthermore, the method also divides image data into
code-blocks sizing 16x16, 32x32, and 64x64. The code-block process supports the real time
tier-2 encoding implementation. Experiment has been done on the FPGA to demonstrate the
effectiveness of this proposed method. Matlab, Modelsim VCS tools and Quartus II tools have
also been used for testing.
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1. GIOI THIEU LUQONG TU HOA
TRONG CHUAN JPEG2000

Sau qua trinh bién ddi wavelet roi rac,
tat ca cac sub-band duogc lugng tir trong ché
d% nén ton hao nham 1am giam d¢ chinh xac
clia cac sub-band, qua d6 giam duoc sd bit can
biéu dién. Lugng tr hoéa cac sub-band DWT
13 mot trong nhitg ngudn gay ton hao trong
hé thong nén anh JPEG2000. Nén mat dir
lidu (lossy) s& cho ty 18 nén cao nhung dong
thoi ciing 1am giam chat lugng cua anh dugc
phuc hdi boi luong thong tin di bi mét. nén
khong mat dir liéu (lossless) trong qué trinh

nén khong ton hao hinh anh sau khi phuc hoi
c6 PSNR (peak signal-to-noise ratio) la vo
cung. Pay 1a mot diém manh cta nén anh theo
chuan JPEG2000 so v6i JPEG

Cong thirc bién ddi budc nhay luong tir [1]
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1, Co gia tri dugc biéu dién 11bits.
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g, C6 gia trj dugc biéu dién 5 bits

Sau khi dit li¢u duoc lugng tur thi tién
hanh chia thanh timg code-block nho. Trong
thiét ké hd trg code-block 16x16, 32x32 va
64x64 pixel.
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Hinh 1. So do khéi hé thong JPEG2000

2.  GIAI PHAP THIET KE PHAN
CUNG

2.1 Thiét ké khdi lwong tir

Cong thuce tinh do sau ctia anh [1]

R,= R, + log,(gain,) (2)

Trong do gia tri log,(gain,)

Co gia tri trong Bang 1

Bang 1. Gia tri gain,

Sub-band gain, log,(gain,)
Level LL 1 0
Level LH 2 1
Level HL 2 1
Level HH 4 2

Trong bang trén thi ta thiy gia tri
log,(gain,) ctua sub-band chi thay d6i trong
mot level. Trong cac level khac nhau thi quy
luat ndy van dung theo Bang 1. Gi4 tri trong

Bang 2 la gia tri R, R,
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Bdng 2. Gia tri R,

Sub-band | R, |log(gain) | R,
LL 8 0
LH 8 1 9
HL 8 1 9
HH 8 2 10
LL 16 0 16
LH 16 1 17
HL 16 1 17
HH 16 2 18

Trong Bang 3 cung cép nhiing gia tri
mantissa va exponent can thiét dé thuc hién
phép todn trong cong thirc (1). Trong d6 man-
tissa la 5 bits nén c6 2°gia tri lya chon va ex-
ponent la 11 bits nén c6 2! gia tri lya chon,
viéc lay 2 gia tri nay cho phu hop ting level
1a mot diéu kho khan, sau nhiéu qué trinh thyc
nghiém bai bdo da tim ra dugc nhitng gia tri
mantissa va exponent phu hgp cho tung level
dugc thé hién trong Bang 3. Gia tri nay cho
két qua nén anh JPEG2000 dat két qua tot nhat
trén phan ctng bo mach FPGA.

Trong trudng hop nén khong ton hao thi
dir liéu di qua khdi luong tir (quantization) giir
nguyén so v6i dau vao. Qua trinh sap xép va
dém lai dir liéu trong khdi “quantization buff”
thi van giéng nhu nén co ton hao.

Bdng 3. Gia tri mantissa va exponent

Mantissa | Mantissa Exponent | level
R=8 | R=16 |"*P
14 22 1824
14 22 1776
Level 5
14 22 1776
14 22 1728
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13 21 1824

13 21 1792 Level 4
13 21 1792

13 21 1760

12 20 1848

12 20 1872

12 20 1872 | Level3
12 20 1896

1 19 1874

10 18 5

10 T 5 Level 2
10 18 71

9 17 36

10 18 2003

10 18 2003 | evel!
10 18 1890

Phuong phap dung trong lugng tir 1a uni-
form scalar lugng tir c6 cong thirc nhu sau[1]:
9 G|,

A

, (i) = sign 7, (. )| 3)

Trong do (y,(i,j) 1a he sd cua wavelet trong
sub-band.

A 12 budc nhay lugng tu trong phuong trinh
(1) dugc xac dinh dya vao cac gia tri
&R, 1, dé xé4c dinh bude nhay luong tur.
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Hinh 2. So do khoi thiee hién lwong tir héa

Trong qua trinh lugng t phai thuc hién

phép chia v6i budce nhay trong tirng sub-band.

Trong thiét ké phan cimg viéc thyc hién phép

chia 1a rat phirc tap do phai st dung ddu chdm

dong nén tén nhiéu tai nguyén hé thong. Dé

khic phuc van dé nay trong bai béo thay vi
thuc hién phép chia thi nhan nghich ddo véi
v6i 8192, Két qua phép nhan phai dich lai
13 bit va lam tron theo giai thuat “Banker’s
rounding”. Vi du ham “Banker’s rounding”
lam tron nhu sau:

2.5 lam tron thanh 2, véi gia tri 1a 3.5 [am tron
thanh 4. Ngoai ra cac gia tri sau du cham 16n
hon 0.5 dugc lam tron thanh 1 va nho hon 0.5
duoc lam tron vé 0.

Bang 4 da nhan nghich ddo vdi véi 8192.
Bdng 4. Gia tri buoc nhay luong tur

LEVEL LL LH, HL HH
LEVEL=1 16100 8282 4260
LEVEL=2 | 34221 16344 7917
LEVEL=3 | 68900 34239 17015
LEVEL=4 | 138654 69905 35246
LEVEL=5 | 277309 280790 284359

step_size_reg

Hinh 3. B¢ giai ma buoc nhay lwong tir hoa

Qua trinh giai md dé chon budc nhay
cho phu hop v6i mdi level. Pé qua trinh giai
ma can dya vao hang va cot trong khdi FDWT.
Giai ma budc nhay lugng tr trong Gng trong
Hinh 3. Ta thay trong Hinh 4 row_in = 0, col-
umn_in = 0 thi budc nhay luong tur la 4260.
Nhitng gia tri budc nhay 1ay tir Bang 4.

Hinh 4. Giai ma tim budc nhay luong tur
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Anh GRAY (muc xam) bicu dién 16-
bit nén ton hao. Qua trinh luong tr s& tran bit
trong level 4, 5 vi thyc hién phép chia. D¢ giai
quyét van dé nay ching toi di ting s bit can
biéu dién dir liéu 1én téi 34-bit thay vi dung
32-bit nhu anh GRAY 8-bit va anh GRAY 16-
bit nhung level nho hon 4, dong thoi thiét ké
mot khéi tach dir liéu va mot khoi gop dir licu
lai so d0 xem trong Hinh 5. Vi dit li¢u ghi/doc
trong RAM chua tbi da 32-bit dé biéu dién 1
dit liéu, Néu nhiéu hon thi tach ra mot dit liéu
thanh 2 dir liéu c6 do rong bus nhé hon hoac
bang 32-bit.

in one out two quantization

in_two_out_one

Hinh 5. Thiét ké khoi luong tir khi GRAY 16
pixel level 4, 5

Trong thié’tqké’ khéi lwong tir can phai
tuan thu theo chuan Avalon Streaming. Chuan
nay dugc quy dinh trong Hinh 6, Hinh 7.
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Hinh 6. Gidn do thoi gian dau vao khoi lwong tir
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Hinh 7. Gian do thoi gian dau ra khéi lwong tir
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2.2 Thiét ké khoi lwgng tir dém

Khéi “quantization_buff” dung dé sip
xép data theo timg ving tan sd riéng biét
tuong ng voi timg sub-band khac nhau. Tiép
theo 1a doc ra theo tirng code-block. Dir li¢u
duoc luu trir trong by nhd. Khi déy mot code-
block thi doc dit li¢u ra. Cach thic quy dinh vi
tri code-block thé hién trong Hinh 8

TN
o]
o
res
Fo8
Fe5

ototolotolor
R oo
TR
RO
STOTOTOIRTOR

o
wis
]
i
Fos

OITOTOIOTOIT

Hinh 8. Quy woc dat vi tri code-block trong
mot sub-band

Chicu dai 1296

Chiéu rong 2 64

Chiéu dai code block 14 32
Chiéu rong code block 32

©
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Full code bleok

3071
G

Full code blcok

Full code bleok

Full code bleok

Hinh 9. Vi tri bdt dau va két thiic mét code-
block trong sub-band
Trong Hinh 9 1a mét vi du mot sub-band
c6 chiéu dai 96 pixel, chiéu rong 64 pixel va
chiéu dai, rong code-block 1a 32 pixel. Vi tri
sub-band nay luu trong RAM dugc tinh toan

troedc nhitng vi tri day ciia moi code-block.
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Khi ghi vao RAM thi tuan ty tir thap dén
cao. Khi doc ra thi doc tirng code-block, doc
code-block nho dén code-block 16n hon, xem
Hinh 10. Can phai tinh toan duoc nhing vi
tri ma code-block ddy dé doc ra. Nhung néu
trong qua trinh d6 ma chua doc dugc thi ching
ta lai tiép tuc ghi vao, ghi dén khi nao day 2
band (c6 kich thudc 2 1an chiéu cao code-
block) thi khong dugc ghi nita ma cho doc ra,
dé giai phong bod nhd dé tiép tuc ghi vao. Viée
nay duogc diéu khién bang cach ha ready out
xudng khi ndo doc xong lai bat ready out 1én
tién hanh reset hét dia chi doc va dia chi ghi
tién hanh lai tir dau.

2.3 Mirc do wu tién cua qua trinh doc ra
Trong trudng hop c6 nhiéu ving RAM
d3 chta day dir liéu thi qua trinh wu tién doc
ra theo cach sau. M{rc uu tién cao nhit la doc
code-block dang thuc hién. Duy tri trang thai
doc dir liéu trong code-block xong thi mai
code-block khac. Thir 2 1a néu nhiéu code-
block ¢ cac sub-band khac nhau dang & trang
thai day thi wu tién code-block & vi tri sub-
band nhé nhét treée minh hoa Hinh 10

Code-block full
Code-block full

Sub-band=3 Sub-band=2
Sub-band=1 Sub-band=0

U'u tién doc
trudc

Hinh 10. Vung dir liéu wu tién doc truoc

Kién trac khéi lugng tir dém giao tiép
v6i DDR theo chuin Avalon Streaming kién

triic dugc thé hién trong Hinh 11.
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Hinh 11. So' do két néi khoi heong tir dém véi
RAM ngoai

3. KETLUAN

Trong bai bdo nay da hd tro luong tir
trong 2 chuén 1a nén ton hao va khong ton hao.
Trong qué trinh khong ton hao thi két qua hinh
anh nén c6 PSNR 14 inf (v6 cung).

Hinh 12. Nén khong tén hao

Luong tir khong ton hao dugc tong hop
trong Bang 5
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Bing 5. Két qua nén khéng ton hao Bing 6. Nén ton hao
Kich | level Dung Dung | PSNR Kich Dung Dung
thuée lugng lwgng thuée | level | luong lwgng | PSNR
hinh dau sau hinh trude sau
128x 1 48.1KB | 25.2 KB inf 128x
1 48.1KB 20.2KB | 51.54
128 128
128x | 2 | 48.1KB |244KB | Inf 128%
128 g | 2| 48IKB | 192KB | 5173
256x 3 192.1KB | 141.2KB Inf 256x
256 3 192.1KB | 118.7KB | 51.63
512x 4 768.1KB 352.6 Inf 256
KB 512x
512 4 | 768.1KB | 245.6KB | 51.91
1024x | 5 | 3.0MB | 8127 | inf 512
KB
1024 11002244" 5 | 3.0MB |812.7KB | 51.75
Trong truong hop nén ton hao thi két
qua PSNR kha cao hon hon 40 nén mit ngudi  LOI CAM ON

khong phan biét duoc. Thong thudng thi mat
con nguoi khong phan biét dugc hinh nén va
hinh gdc néu hinh nén ¢ chi s6 PSNR 16n
hon 37.

Hinh 13. Nén cé tén hao

Tac gia cam on Trung Tam Nghién Ciru
va Pao Tao Thiét K& Vi Mach (ICDREC)
da cap kinh phi cho tac gia nghién ctru, thuc
hién dé tai nay va sy hd tro cia cac dong
nghiép. Bai bao 1a thanh qua cua dé tai ma sd
KC.01.13/11-15. Tac gia gtri 101 cam on chan
thanh dén Bo Khoa hoc va Cong nghé¢, Van
phong céc chuong trinh trong diém cép Nha
nude, Ban Chuong trinh KC.01 d3 dau tu kinh
phi cho d¢ tai.
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