Science & Technology Development, Vol. 5, Ne. 11-2002

QUAN HE MGI GITUA PAC TRUNG ANH VA CHAT LUGNG
ANH NEN CO TON HAO

Lé Quang Tudn*, Vii Pinh Thanh*, Nguy&n Kim Sdch**
(*) Khoa bién & Dién Tw, Trudng Pai Hoc Biach Khoa — PHQG-HCM
(**) Trung TAm Nghién citu Ung Dung Khoa hoc Truyén Hinh
(Bai nhdn ngay 24 thdng 6 ndm 2002)

TOM TAT: Hién nay, chiing ta thuong nén cdc loai dnh c¢é ddc trung rdt khdc nhau nhu dnh
tw nhién, dnh tdng hop tix mdy tinh, dnh y hoc... Vdi cing mét b nén cé méo, gid tri ty sd' tin
hiéu trén nhiéu dinh (Peak Signal to Noise-PSNR) cé thé thay déi rdt lén, dén 20-30dB, tuy
theo ddc trung ciia cdc loai dnh. Lam sao chiing ta cé thé thiét lap quan hé gita cdc loai dnh
khdc nhau va chdt litgng nén dnh, thé hién bdi ti s6’ PSNR? Trong bai bdo nay chiing t6i trinh
bay mét sé gia tri do ddc trung dnh CI (characteristic of image), va thiét lap ham quan hé
todn hoc xdc dinh vdi PSNR.

1. GIGI THIEU

Nhiéu loai anh khdc nhau (dnh tu nhién, dnh tdng hdp, 4nh y hoc, 4nh két hgp cia
nhiéu loai ..) cé dac tinh mién khéng gian khic nhau. Chiing ta quan sit va thdy riing nén
nhiéu loai 4nh khéc nhau vdi cing m6t b nén (ding bién ddi wavelets, hodc bién ddi DCT,
hodc bi€n di phi 14p truc chudn-LOT, hodc bi€n ddi phii 14p ludng tryc chudn-LBT ) va vdi
ciing t6c d6 nén bit (bits per pixel — bpp), gid tri PSNR s& thay ddi trong mét pham vi rong
dén 30 dB. Gi4 tri PSNR thay ddi trong pham vi rong nhu vAy phu thudc vao dic trung vén
¢6 tu nhién cla céc loai 4nh. VAn dé dit ra 12 gid tri PSNR thay d8i phu thudc vao dic trung
ndo ciia anh. Khi bi€t quan hé gita PSNR va dic trung, ching ta c6 thé du kién trudc gid tri
PSNR ciia mot loai anh x4c dinh ma khong cin nén.

Mét Anh gdm nhidu viing ¢6 dic di€m khéc nhau vé d6 sdng nhu : ving tron ¢6 mic dd
chéi kha ddng déu, viing nhiu dudng bién, két ciu (textures) c6 do chéi thay di 16n gilta
cdc diém 4nh 14n can. Chiing ta goi nhitng viing 4nh tich cyc 12 nhitng mién anh c6 4nh
hudng nhidu d&n két qua nén Anh. D6 chinh 12 nhitng mién dnh c6 nhiéu dudng bién sic nét,
dudng k&t c&u va nhitng mién anh tron rong. Anh c6 nhiéu viing tich cyc s& cho PSNR thp
vdi cling bd nén va ciing bpp. Mit khéc, ngudi ta thdy riing trong nén 4nh, phdn 16n méo va
bi€n dang déu phat sinh ra tit cac viing tich cyc va mit ngudi d& dang nhan thdy dudc trén
anh giai nén.

Pé dinh lugng cdc mién tich cuc trong mét &nh, ngudi ta thudng ding nhitng s¢ do
th6ng ké nhu gia tri trung binh, gia tri median, dai dong, 1&ch chudn... ciia do chéi mét anh.
Chiing t6i ky hiéu s6 do thé hién dic trung anh 1a CL S& do dic trung 4nh CI thé hién dic
trung tv nhién cda anh va ddng thoi thé hién d phic tap trong qua trinh nén 4nh ¢6 tén hao.
Do'd6, s6 do dic trung 4nh CI c6 mdi li€én hé chit ché véi PSNR.

2. SO PO PAC TRUNG ANH CI

2.1. S6 do CI theo théng ké dnh [1 ]
Tinh ch4t thng ké cla dnh dugc danh gia bing cdc tham s6 : tri trung binh, median, déi
dong, d6 16ch chudn hay phuong sai... S§ do thong ké bic 1 nhw gid tri trung binh va median

Trang 48




TAP CHi PHAT TRIEN KHCW, TAP 5, S0 11/2002

ciia anh, dic trung vé do chdi trung binh clia mic x4m ( cdc di€ém anh trong mot viing &nh).
S6 do théng ké béc 2 nhuw d6 1&ch chuin dic trung d6 tudng phan mic xdm va c6 thé mé ta
bing tinh “tron” tudng ddi clia dnh.

Chiing t6i ky hiéu CI1 1a s6 do dic trung cho dnh tudng Wng vdi s& do thdng ké bac 1.
Trong bai nay, CII 12 median cla 4nh. CI2 twdng @ng vdi s& do théng ké bac2; d ddy CI2 1a
do 1éch chufn cda anh.

2.2. S& do CI theo gradient cdc di€m anh
Ngudi ta thudng ding cic thuit todn phén doan dnh khdc nhau nhu Sobel, Canny,
Prewitt, Roberts, Marr-Hildreth [2] ... d€ trich cdc dic trung clia anh. D6 chinh 13 tin titc vé
bién anh. Thuét todn phdn doan 4nh bing gradient di€ém 4nh dudgc thuc hién theo chiéu
ngang, chiéu doc hodc ci hai tai cdc di€m bién anh. Chiing t6i si dung tin tic vé bién anh cé
dudc ti thuat todn Sobel, 1am sd do CI3. C6ng thifc tinh CI3 1a :

H*V :
1
CI3=100* ZK(i)J (1)
[H v i=1

trong d6 H 1a chiéu dai va V 1a chiéu cao ciia dnh, tinh theo don vi di€ém anh (pixel).
K(i) 1a gia tri 1 tai dudng bién va 0 § ngoai bién.

Trong bai béo [3], tdc gia da sit dung gradient clia moi di€m &nh d€ x4c dinh dic trung
dnh. Ching t6i ky hiéu CI4 1a s6 do déc trung cho anh twong ng vdi gradient ciia tat ca di€m
anh trén mdt dnh. Céng thiic tinh CI4 14 :

V-1H )

H-
Cl4 = H*V) D DG -1G+ )] Zzl(i,»—l(i,jﬂn @

i=1 j=1 i=l j

trong d6 H 1a chiéu dai va V 1a chiéu cao ciia anh, tinh theo don vi di€ém 4nh (pixel).
1(i,j) 12 gia tri mfc x4m ctia di€m 4nh tai vi tri (i,j) trén &nh.
Tuy nhién, tdc gia bai bdo [3] da st dung s do trén d€ diéu khién t6c d6 nén bit clia
video, kh6ng nghi€n cifu twdng quan gita CI4 vdi dic trung cla céc loai anh khéc nhau. B§
12 di€m kh4c nhau cd ban so vdi bai nay.

3. PHUONG PHAP DANH GIiA QUAN HE PAC TRUNG ANH VA PSNR

Véi ti s6 nén bit bpp (bit per pixel) khéng ddi va cling mot bd nén anh (c6 méo), anh cé
nhi€u mién tich cuc s& cho két gia PSNR th4p hon. Chiing ta ¢6 04 s6 do CI (CI1, CI2, CI3,
CI4) danh gia mién tich cuc trén 4nh. V&n dé dit ra 13 x4c dinh dugc s6 do CI nao cé quan
hé v8i PSNR.

Chiing t6i da sit dung mét b6 gém 68 dnh mifc x4m kich thudc 512x512, bao gdm nhiéu
loai d€ thit nghiém tim quan hé giita 02 s& do CI va PSNR.T4p 4nh thit dugc 14y tit cd sd dit
liéu anh miu [4 ].

Chuén nén &nh phd bi€n nhat la JPEG. JPEG st dung bi€n d6i DCT. DCT cé khuyét
diém tao ra méo “6 vudng” trén &nh gidi nén khi nén véi ti s6 16n (bpp <0.5). Hién nay, c4c
bi€n d6i NLOT [5], LOT [6]va LBT [7], [8] dugc phat trién tit DCT nhim khdc phuc nhugc
di€m clia DCT. Mit khéc, bi€n ddi wavelets dugc phét tri€n manh tao nén nhitng bd nén 4nh
chét lugng vudt bd nén dnh ding DCT. Tuy nhién, b6 nén wavelets c6 thudt todn phic tap
hon nhiéu so vdi bo nén ding LOT hay LBT, vdi ciing hiéu qua va chit lugng nén. P&i véi
bi€n d8i wavelets, ching t6i st dung b6 nén &nh waveletes hiéu qud nhét hién nay I3
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SPIHT(Set Partitioning in Hierarchical Trees) cia Amir Said & William A. Pearlman [9],
[10]. B6 nén anh waveletes SPIHT sif dung wavelet Cohen-Daubechies-Feauveau (CDF) 977
hodc wavelets S+P, vdi thuat todn Phan hoach Cay Phan cAp(SPIHT) ¢6 két hop véi ma hoa
thong ké s6 hoc (arithmetic coding). Stt thuat todn phitc tap SPIHT, cén phai c6 trong bd nén
anh wavelets, da cho két qua chédt lugng nén vugt troi so vdi by nén anh DCT ( hay
EOT.LBT).

Chiing t6i ding bé nén vdi bi€n ddi DCT va bi€n ddi LOT, LBT ciia Malvar [6][7][8].
B4 nén anh DCT, LOT,LBT ciia Malvar ddn gidn gém bi€n d8i DCT(hoic LOT,LBT) két
hdp vdi bd lugng ti v6 hudng binh thudng, khéng c6 ma hod théng ké Huffman ( hodc ma
ho4 s6 hoc ) va khdng st dung thuat todn phuc tap n3o cd. Gin diy, mot s bd nén diung
bi€n d6i LOT, LBT c¢6 két hdp thuét todn phitc tap hon s& cho két qua hiéu qua va chat lugng
nén dnh tudng ty nhu bé nén anh wavelet SPIHT. Trong qué trinh nén ¢6 méo dl‘lng bi€n déi
DCT(hodc LOT,LBT), v&n dé tinh PSNR chinh x4c tudng @ng vdi bpp ¢d dinh cin dugc gii
quyét, d€ 6 két qua dénh gia dic trung 4nh khéng bi sai lac. V@i gia tri budc lugng tit cho
trude, ching ta khéng thé ¢6 dude bpp ¢ dinh sau khi nén, Vi 1 vay gia tri PSNR tudng tng
véi bpp khéng ddi s& dugc xac dinh ti phuong phép ndi suy. Gia tri bpp ¢6 dinh dudc chon
trong thit nghiém 14 0,5.

4. KET QUA THU NGHIEM

- Hinh 1a) b) ¢) d) trinh bay mot s6 anh miu dién hinh t anh “tron” dugc tao ¥ may
tinh nhu ‘slope.bmp’ dén cdc dnh ty nhién cé ving &nh k&t cdu va bién ting din nhw
‘lcna.bmp’, ‘barbara.bmp’ va ‘baboon.bmp’. Mi dnh c6 trinh bay céc s8 do CIl dén Cl4 dé
dé dang so sdnh dic di€m cic loai dnh khic nhau. C4n Iwu ¥ céc dnh tw nhién ‘lena.bmp’,
‘barbara.bmp’ thudng dudc cong ddng xi 1y 4nh ding 1am &nh chudn dé thi nghiém cic
phudng phdp nén anh mdi.

- Tap gom 28 &nh khdc nhau dugc lya chon ti¥ tAp 68 anh ndi trén dudc dung dé€ tinh
CI1, CI2, CI3, CI4 va PSNR cia 04 loai nén dnh DCT, LOT, LBT, wavelets SPIHT vdi bpp
¢d dinh 1a 0,5. Sau d6, chiing t61 quan s4t quan hé PSNR vdi lan lugt theo gia trj ting ddn cla
Cll, CI2, CI3, CI4, va nhén thdy PSNR vdi CI4 ¢6 quan hé xéc dinh. PE don gidn viéc trinh
bay, ching t8i chi dua ra quan h¢ PSNR-CI4 trong hinh 2. Truc tung ( hinh 2 ) trinh bay
theo tht ty dnh tir 1 d€n 28 va dugc sdp x€p theo gia tri Cl4 ting din nhu sau : 'slope’,
‘polygons2’, '275005', 'lamps', 275000', 275008, ‘milkdrop', 'beauty’, 'snake', 'redhead’,
‘Zelda', '031", 'boat3', 'home4', 'lena’, 'monarch’, 'deskl’, 'peppers’, 'balloon’, 'cityl', 'goldhill’,
'stream’, 'leopard’, '384009" , 'barbara’, ‘test8g', 'baboon' va 'cougar’,

T hinh 2, v6i ciing b6 nén anh va bpp = 0,5 c6 dinh, chiing ta thiy 16 tuy theo dic
trung &nh, gia tri PSNR thay d6i rat Idn ti 15 dB d€n 55 dB. MJi loai b6 nén sé& cho dudng
dac tuy€n chénh 1éch nhau vai dB, nhung diéu quan trong 12 t4t c4 cdc dudng dic tuyén trong
hinh 2 déu bi€n ddi tang hay gidm theo CI4 clia c4c loai anh khéc nhau. V4i cach sdp thit t
anh theo gia tri CI 4 ting dén trong hinh 2, ching ta thiy 15 s6 do CI4 c¢6 quan hé x4c dinh
véi PSNR : gia trj CI4 ciia énh ting s& din d€n PSNR tudng tng gidm. Ti€p theo, chiing t6i
quan sét quan hé gitia CI4 va CI1, CI2, CI3 theo gi4 tri CI4 ting dén ctia tip 68 anh.

- Hinh 3a) va 3b) trinh bay quan hé cic s6 do CII, CI2, CI3, CI4 cia tip 68 4nh miu
.bmp 512x512, gém nhiéu loai khc nhau. Truc tung ( hinh 3a) va 3b) ) dénh s& the ty 68
anh, dugc liét ké tr 1 dén 68 theo gié tri Cl4 ting din nhu sau : ‘squares’, ‘slope’,
‘polygons2’, ‘linespr’, ‘275005°, ‘tbirds’, ‘275000°, 275008’, ‘room7’, ‘275001°,
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‘milkdrop’, ‘montage’, ‘dna’, ‘beauty’, ‘275002, ‘snake’, ‘redhead’, ‘Michelangelo_David’,
Zelda’, ‘0317, “384003’, ‘boat3’, ‘boatl’, ‘home3’, ‘homed’, ‘autol’, ‘jet’, ‘lena’, ‘monarch’,
‘building6’, ‘384011°, ‘deskl’, ‘truck’, ‘coral’, ‘peppers’, ’balloon’, caltramOO?’, ‘tank’,
‘cityl’, ‘city2’, ‘testl’, ‘boat’, ‘san_juans’, ‘384006’, ‘goldhill’, ‘384010-2’, ‘stream’,
‘solings’, ‘354009’, ‘leopard’, ‘spring1887°, ‘384009°, ‘384007, ‘globe’, ‘barbara’, ’5.2.10’,
‘test2’, ‘tm’, ‘test8g’, ‘test3’, ‘test8r’, ‘test8b’, ‘ccitt7’, ’4.2.03°, ‘baboon’, ‘cougar’, ‘hand’, *
test4’. K€t hgp hinh 2 va 3a) va 3b), chiing ta nhin thay giita nhitng s6 do théng ké dac trung
anh CI1, CI2 va PSNR khéng ¢6 méi li€n hé x4c dinh. N6i cdch khéc, véi mot ty s6 nén bpp
cho trude va st dung ciing by nén cé méo, khdng c¢6 s6 do dic trung theo tinh chat théng ké
anh c6 kha ning thé hién dugc dic trung bién dbi 1n clia PSNR theo céc loai d4nh khéc nhau.

K&t hgp hinh 2 va 3b), chiing ta nhéin thiy s& do theo gradient tai nhitng di€m anh
bién trén dnh CI3 cling khdng c6 méi quan hé 16 rang vdi PSNR. S& do theo gradient ciia
toan bd dlem anh-CI4- dic trung t6t nhdt m&i quan hé gita cdc loai anh khéc nhau vdi
PSNR. Vi du anh “test4” c6 CI4 16n nhét s& cho PSNR nhd nhat va anh “squares” c6 CI4
nhé nhat cho PSNR 18n nhat.

4. PHUONG TRINH CI4-PSNR

Vi CI4 th€ hién dic trung ving tich cuc cda toan bo dnh, chiing ta s& tim m&i quan hé
ctia CI4 d6i vdi chat lugng ma hod c6 méo PSNR. Hinh 3 thé hién mot quan hé nghich déo
gita s§ do CI4 vdi s6' do PSNR. Nhitng 4nh c6 gid tri Cl4 thdp (nhv 4nh “slope”) s& cho
PSNR t6t hon nhitng dnh ¢6 CI4 1dn (nhu Anh “baboon”).

Chiing t6i thi€t 1ap phuong trinh th€ hién quan hé giita CI4 va PSNR trén mot tap
gbém 28 dnh khéc nhau nhu da liét ké trén. Quan hé gita CI4 va PSNR dudc x4y dung theo
phuong phdp binh phuong bé nhat. T tap cic cip gia tri CI4 vi PSNR, chiing ta ¢6 thé xem
ddy la quan hé phi tuyén, theo ham logarit nhu sau:

y=AIn(x)+B 3)

Trong phu’dng trinh CI4-PSNR, CI4 s& 1a d6i s6 x va PSNR tuwdng ing véiy. Ava B
12 hai hiing s6 cAn phai dugc x4c dinh

Béng cich l4p trinh matlab theo phudng phdp binh phudng bé nhat, chiing t6i x4c
dinh dugc phuong trinh CI4—PSNR cho mdi loai b4 nén anh nhu sau :

* Trudng hdp by nén anh diing DCT (xem hinh4b): A= 56.5197; B= -9.4044 .
* Trudng hgp bé nén anh dang LOT (xemhinh4c): A= 56.1813; B= -9.0996 .
* Trudng hgp bd nén dnh ding LBT (xem hinh4d): A= 57.2127; B= -9.2993 .
* Trudng hdp bd nén dnh wavelets SPIHT ( xem hinh 4 a) : A= 62.3773; B=-10.5850.

T nhitng hinh 4a)b)c)d), ching ta nhan thdy so vdéi cdc bd nén don gian
DCT,LOT,LBT, khi s6 do CI4 ting dén, hiéu qua clia by nén anh wavelets SPIHT s& gidm.
Cu thé dd vugt troi PSNR tt 5 dB gidm xudng con 1-2 dB, khi CI4 gidm tir 1 xuéng 40.
Nhitng hinh 4a)b)c)d) cho phép chiing ta chon Iya loai bé nén sit dung hiéu qué nhAt cho mét
dnh da bi€t Cl4. Véi anh c¢6 Cl4 > 10, chiing ta ¢6 thé€ sit dung b nén LBT d€ c6 dugec mét
chat lugng gidi nén t6t va thuit todn nén khéng qud phitc tap. Trong hé th6ng nén anh s
dung phén cing, thuét todn nén LBT don gidn hon sé& cho gia thanh it hon vdi ciing chat
lugng.
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5. KET LUAN

TU bai bdo nay da chitng td ring cédc dic trung khic nhau cia dnh c¢6 dnh hudng trure
ti€p 1én chit lugng (gia tri PSNR) nén ¢6 méo. Nén c6 méo vdi bi€n dSi wavelets hay bién
déi DCT, LOT, LBT déu phu thudc vao dic trung anh.

S6 do CI4 theo gradient anh thé hién dudc su khéc biét ni bd cdc mién khéng gian
di€m &nh clia nhitng loai 4nh khéc nhau. CI4 ¢ mdi lién hé chit ché vdi gid tri PSNR khi
nén &nh c6 méo. CI4 da gidi thich tai sao gi4 tri PSNR thay déi rat 16n khi ding cing mét
bo nén 6 tén hao.

Phudng trinh CI4—PSNR x4c dinh kha ning nén c6 tén hao ciia mét tip anh. Véi mot
anh c6 gia tri CI4 dudc tinh trudc, ching ta cé thé tién dodn dudc gia tri PSNR ciia anh tir
phudng trinh CI4-PSNR, cho du khéng thyc hién nén.

Phuong trinh CI4-PSNR c6 sai khdc mét it ( tit 1dB dén 5 dB) khi ding nhitng loai bd
nén khac nhau ( wavelets, DCT , LOT hay LBT).

THE NEW RELATIONSHIP BETWEEN IMAGE FEATURES AND
LOSSY CODING PERFORMANCE

Le Quang Tuan, Vu Dinh Thanh, Nguyen Kim Sach

ABSTRACT: Nowadays, we need to compress and decompress many types of images such
as natural, PC integrated, medical ones ... Depending on the characteristic of images, PSNR
values can vary up to 30 dB with the same lossy coder. How to establish a new relationship
between the features of different types of images and the lossy coding performance PSNR ?
In this paper, we introduce some measures of image characteristic which are called CI
(characteristic of image) and build a mathematical function of the relationship between CI
and PSNR.
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Hinh 1a) Anh slope.bmp 512 x 512
CI1 = 163.2500 CI2 = 9.7679
CI3 = 0.6657 CI4 = 2.7186

Hinh 1b) Anh lena.bmp 512 x 512

CI1 = 116.7500 CI2 = 12.5368
CI3 = 3.1506 CI4 = 11.3274

Hinh 1c) Anh slope.bmp 512 x 512
CI1 = 120 CI2 = 8.5242
CI3 = 5.6007 CI4 = 23.5383

Hinh 1d) Anh slope.bmp 512 x 512

CI1 = 128 CI2 = 5.7911
CI3 = 4.8210 CI4 = 34.4263
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"PSNR-CI4* FUNCTION OF 28 IMAGES WITH LOT CODER

"PSNR-CI4" FUNCTION OF 28 IMAGES WITH DCT CODER
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ClA of a set of 28 Images

Hinh 4d) Phuong trinh CI4-PSNR ctia b6 nén SPIHT

Cd of a sel of 28 Images

Hinh 4c) Phudng trinh CI4-PSNR ciia b

0 nén LBT

Trang 55



Sciencs & Technology Davelopment, Vol. 5, No. 11-2002

TAI LIEU THAM KHAO

[1] Rafael C.Gonzalez, Richard E.Wood,”"Digital Image Processing®, ISBN 0-201-50803-6
Addison-Wesley Publishing Company,1992, page 508.

[2] M.B. Ramos and S. S. Hemani, “Edge-adaptive JPEG image compression,” in Proc.
VCIP, 1996, pp.1082-1093.

[3] M. R. Pickering et al., “A perceptually efficient VBR rate control algorithm,” IEEE
Trans. Image Processing, vol. 3, pp. 527-532, Sept. 1994,

[4] Color Image Database, VisTex, Media Lab., Mass. Inst. Technol., Cambridge, MA, 1995.
[5] Lé Quang Tuén, Vii Pinh Thanh, Nguyén Kim Sich, “The New Lapped Orthonormal
Transform (NLOT) Without Blocking Artifacts “, Tap chi Phat Tri€p Khoa Hoc va Céng
nghé (Science & Technology Development), vol.4, pp 35-43, 7-2002.
[6] H.S.Malvar and D.H.Staelin, "The LOT: transform coding without blocking effects,”
IEEE, Trans. on Acoustics, Speech , and Signal Processing, vol.37, pp.553-559, Apr.1989.

[7] H.S.Malvar, "Lapped biorthogonal transforms for transform coding with reduced blocking
and ringing artifacts,” Proc.IEEE Int.Conf. on Acoustics, Speech, and Signal Processing
Munich, pp.2421-2424, Apr.1997.

[8] H. S. Malvar, “Fast progressive image coding without wavelets,” Proc. Data
Compression Conference, Snowbird, Utah, March 2000, pp. 243-252.

[9] Amir Said & William A. Pearlman, "A New Fast and Efficient Image Codec Based on
Set Partitioning in Hierarchical Trees, "IEEE Trans. on Circuits and Systems for Video
Technology, vol. 6., pp. 243--250, June 1996.

[10] F. W. Wheeler and W. A. Pearlman, "SPIHT Image Compression without Lists,” IEEE
Int. Conf. on Acoustics, Speech and Signal Processing (ICASSP 2000), Istanbul, Turkey,
June 5-9, 2000.

Trang 56



