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A proposal of new probability density functions
for 2D-DCT coefficients

Yoshimitsu KUROKI' Yoshifumi UESHIGE?

"Kurume National Colledge of Technology
tKagoshima National Colledge of Technology

Abstract This paper presents a new probability density function (pdf), which approximates the dis-
tributions of discrete cosine transform (DCT) coefficients for still images. Our discussion is based on
the mathematical analysis using a doubly stochastic model reported by Lam and Goodman. In the
contrast with their studies, we assume that the variance of the Gaussian distributions can be modeled
by the Gamma distributions. The Kolmogorov-Smirnov (KS) test statistic of the proposed pdf for the
high-energy AC coeflicients is smaller than the Laplacian and Normal distribution, and is slightly larger
than the general Gauss statistic.

1 0000 00ODCTOOOOOOD0DONOND0OO
0000000000000 Bellifemine 00 00
0000000000000 000000000DO
D00 DCTOOOO0DO x* 000000000
000000ODCTOOODODO0O0D0OO
000000000000000(1) 000000
000000000000000(2)000000
000000000003 0000000000
00000 300000000000000000
00000000000 (1)0 (3)0000000

DCTOOODOOOOODOO 8x8OOOOODO
gogoooooooboooooooooooooa
goodobooooooobooooobboooaa
000 [1]00 000 Reininger O Gibson O 256 x
2600 02600000000000000 KS
0 Kolmogorov-SmirnovdO O OO O0OOOOOQOO
goooboooooooooooooooooao
goooooooooooooooboobooa
000000000 [2]0000Reininger 1000

0590


研究会Temp
オーディオビジュアル複合情報処理

研究会Temp 
36－10

研究会Temp 
（２００２． ３． ８）

研究会Temp 
－59－


O0000oO0oO0oU0oOoOoooooo@)oooo
gobobobooobobobooobobobgooabo
gogboogoobobooooobboooooooo
O000000o0o0oooO pBmoooooo
gobooboobobooooobobooogoaoboo
gbbobgoogoboobobooboobobooboa
Lam 0 Goodman OO0 O00OOO0O00OO 10000
oOoooooooooogogooooobcroono
ugbbooboobooboobooboaoboboa
gogbobobooooboboooboboooaoboo
00000000000 4o0o0ooobCTO
gogbobobooooboboooboboooooboo
gbooooboooooobaobobobabo
gogbooboobobooooobbooogooboo
ugboggbooobooboobobobobooaon
gogbooooobobooooobbooogaoboo
gogbobobooobobooobboooooaoboo
OOOOODOODCTOOD Reininger 0 Lam O
gboobooboboobboaobooboaboa

2 Lam0O Goodman O OO [4]

DCT OO Iy, (mn=01,....,7) 00000
00 p(Im,) 00000D0000000O0O0

P(Lnn) = / T o Tnnlo? (0% d(02) (1)

000002, 0 In,, 000000000000
000000000, 0 6%, 0000000
000000 /062000000000 p-)00
000000000000000O0p(I|e?) 000
200000000000 7000000000

ooooooooooooboobobooooboboogoon

gooooooo
1 I?
. 2
— exp{ 202} @)

LamO000 ¢o2>0000000000000
gbboogboboobooboaobooboboa
oooooooobCcrooooobooogoono
gboooboboboboboboobooboaboon
gboooboobooan

p(Ilo?) =

(o) = Aexp(~Ao?) ®
2\ 2 (‘72)2
ot = e {- 51} (@)

0 @3)000000 AOUOO0DO0O 4)Uoooooo
s 0000 ¢20000 MEAN,.0OOODOD
VAR, 0000000000

A =1/MEAN,: (5)
5= VAR (6)
0(1)00 ()00 (30000000000
1) = 2 exp(—vaR11) 7
00000000 (3)000000 (400000
o) ~ Y25 e~ T} ®)

2
gbogboobooogoboobooogobaoao
OODCTOO 1000 VAR, 0O00O0O0DOO
gbooaboobooan

A =1/VAReoes (9)
S = VARcoef (10)

0000 VAReer O c20000000000D0
O000000000000000000VARerO
ANDsOODOOOOODOOOoOoooooog

3 doouoooogd

3.1 Oogooboboooon

0000000 «20000000000000
000000000000000000

plo?) = ff;ja”(UQ)”‘lexp(—%IUQ) (11)
000O0N()0000000000eO00000
000000»0000000000000000
000000000000 ¢2000000000
000000000 [50000vy=100000
0oooo [eo

MEAN,: =v/a (12)
VAR, = v/a? (13)
0 (20000 (11)00 (1)0000000oo
0oo0

\/%(u) /000(02)”_%

I
- exp {—a02 — @} do? (14)

0 600


研究会Temp 
－60－


000000000000 [§)

o) ,MQ
/ 2% L exp (—m — —> dx
0 4z

=2 (1) Ky (15)

000000 (14 0000000ooooooo

p(I) =
.[V—%K_H_%(\/%I) (16)

00,0 (15)000 K_g(x) 0020000000
0000000p>00000000000Ks(u) =
K () 0000000 [900000001600
000 />000000000000001400
0000 I=0000000000000000
0000000000000000000000
oooo

p(l) T(v) -

2K, 1 (V2alI]) (I #0)(17)

3.2 OUgooooo

0000000000000000000000
000000000000 000 » 0000
00000D0D00000000000 I =00
000000000000000000 00000
000000 [10)000000 (14000000
VAR..;0000000000000000 (17)
00000000000000000000000
0200000000000000000000
[B0000D0D0

/OO ' Kg(az) dz
RV
'F(1+g+ﬂ>r(1+g—ﬂ> (18)

0 (17)00 (??7)000000 (18)0000000
0000000000000

VAR coe s
= // I*p(I)dI
2 2 vtiqrts
- T(v) ™

Distribution functions

Sample
v / Gamma -----—-
Exponential -—-------
IH.’=1If-r|1ormal| ..

0 i 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450 500

Variance

()000000

Distribution functions

H/ Sample
v / Gamma -----—-
Exponential -—-------
Half-norlma| ..

ot L
0 500 1000 1500 2000
Variance

(hyoo oo

O L ITEOO0DOOOO0OO0O0DOODOO000O000
gbooaoboobood

'j/ I"3K_, 1 (V2al)dI
0 2
14

= - (19)
«

0 (19)000VAR..; 000000000000
0 0y0000000000000000000
00000000000000000000000
0(11)000000 ¢2 000000000000
0000000000000000000000
0000000000 (12)0(13)00000000
000000 20000 MEAN,. 00000
VAR, 000000000062 0000000
00000000000000000620000
0000000000000000000000
0000000000000000000000
0000000000000 DCTOO000000O
00000000000000062000000
00000000000062000000000

0610


研究会Temp 
－61－


Distribution functions

-/ Sample
v Gamma -----—-
Exponential -~
Hallf-normal N

0 d I I
0 50000 100000 150000 200000 250000 300000

Variance

(a)PMO001

Distribution functions

L/ Sample
0.2/ Gamma -------
Exponential --------

/ Half-normal -
0 1 1 1 1
0 20000 40000 60000 80000

Variance

(b)SA001

100000

U20000000000000000000O
gbooaboobood

000 s 00000000000000020 o2
0000000000000000000000
0O,»0000000000000 000000
0000000000000 3)0(4)ooooo
000000000000 00D000000000
DCTOOOOOO0OOO0OODOODOODOD
00000000000D0000D0000000
ooooo

4 00000

4.1 0O0OO0OOO0O0OO0OOOO

ubogouobooboboboobooooboao
gboobooogoobooooobboaooo
ugbooogon U%DDDDDDDDDDDDD
gbooood U?DDCTDDDDDDDDDDD

U 1. 00000000000000000000O
OKSOOO

gooo
0.412
0.535
0.630
0.383

oooooo
0.415
0.539
0.634
0.387

ooooo
0.498
0.235
0.374
0.119

oooooo
oooo
PMO001
SA001

000000000000 00D000000000
000000000000D0000000 KSO
OO0 [2,700000000000000000
Y = (0},,0%....,08,) 00000000000
000000 Fe(ef) DODODODODOOODO

0, o < ‘7?(1)
n/M, o2 | <o?<o?
F 0_2 — ’ b(n) —Yb b(n—i—l)’ 20
=(%) n:LZ”qM—l()
1, ol > ag(M)
DDDDDDDﬁmﬁnzLZ”WM)DDDED

0000000000000000000000
F(e2) 0000 KSODOD +0000000000

t= 1:1H%aXM |FE(U§(¢)) - F(O-g(i)” (21)

D00O0F(e2) 0000000000

F(o}) = / " p(o?) d(o}) (22)

—
ITEDDOOD “00000070 “000070512
x 48000025600 00000 o7 000000
00000000000000000000000
100000000000000000 “PM001”
0 “SA001"0 4,096 x 4,096 00 04,00600 OO
0000000000 2000000000000
00000000 KSOOOOO 1000000
000 GNU Scientific Libraryd GSLO O gsl-1.0
111000000 1000 0200000000
0000000000000000000000
000 1000000000000000000
000000000 KSOOOOoDOOooooooo
000000000000 KSOODOOOoOooOo
000000000000 »O000000O00O
0000000000000000000000
00000000 1(k00000000000O0
000D oy, =1530000000000000
00 Fx(op,) =260x107* 000000000

0620


研究会Temp 
－62－


1 T T T T T T T
0.8
%]
o
il
o
5 0.6 -
c
8
2 04
-g Sapmle
0.2 Proposed ------- i
' o Laplace --—------
B Normal
F==" GeneralGauss -—--
0 1 1 1 1 1 1 1
40 -30 -20 -10 0 10 20 30 40
DCT coefficients
()000000
1 T T T T T T T
0.8
%]
o
il
o
5 0.6 -
c
8
2 04
-g - Sapmle
02 £ T Proposed ------- i
R - Laplace --------
R Normal -
- GeneralGauss -—--
0 1 1 1 1 1 1 1
40 -30 -20 -10 0 10 20 30 40
DCT coefficients
(byoooo

03 ITE00O0000O0O0 DCTOO LeOOO
gbooaboobood

000 F(oZ,) =046700000000000
00000000000000000000000
0KSOOODOOOOODOO0O000000000
0000000000000000000000
000000000000

4.2 DCTOOOOO

DCTOO L OOOOOOOOOOOOOOO
uboobobobaobobobobooboobo
gboobooogbooboobooboogoaon
oooooobobooooooo ITe0gooon
oooooobo 30cobobooboooboooooo
OoO400000000000KSOOOOOOO
obob0 20000000000000000O0O

1 T T T T T T T
0.8
%]
o
il
o
5 0.6
c
8
5 0.4
B
a
0.2
GeneralGauss ———-
0 1 1 1 1 1 1 1
-400 -300 -200 -100 O 100 200 300 400
DCT coefficients
(a)PMO001
1 T T T T T T T
0.8 -
%]
o
il
o
5 0.6 -
c
8
5 04
-g Sapmle
0.2 Proposed ------- i
’ Laplace --------
= Normal -
== 7. ) ) ) GenleraIGaluss .

0
-800 -600 -400 -200 O 200 400 600 800
DCT coefficients

(b)SA001

04 0000000000DCTODO LpOOO
gbooaoboobood

goooood
o0 = { s epl- el e

0000b=+/VAReoe; 00007(a,b) 0000
oooooo

a 1/2
o= {1

OO000oooooooDob «O0bO0O0O0ODDOO
U000 e=10000000000e=200
oooO0OoO0O00ebDoO001DODODOODDOOKSO
gogbobobooobobobooaobooooooboo
c 0000 30000000000O0ODO0O 200
OOooooooOooooDooOoOooon gsl-1.00
ooooo 300 400000 200000000
gobobobooobobooobboboooooboo
gboboooboooobobooboogooao
gbboobooboobooboaoboaoboboao

0630


研究会Temp 
－63－


02.DCTOO L OOODOOOOOOO KSO
g

oooo ooo
oo 0000 |poooo|l oood
oooooo 0.176 0.213 0.0297 0.127

oooo 0.249 0.275 0.0561 0.138
PMO0O01 0.270 0.303 0.0435 0.132
SA001 0.125 0.176 0.0205 0.0547

03 DbCroo LeyOOOOOOOODOOOOO

gbobdiO0a
oooooo oooo PMO001 | SA001
0.34 0.25 0.24 0.43

oooooOobCcrooooooooooogon
0000000000 00000 LamO Goodman
oooooooooogobcroooogolo
oooooob0oobob0ob0b00LamOO00O0O
DCTOODOOOOOOODOOOOOOOODO
ugbooboobooboboobooogooan
ocoooopooOoOooobOoOoo KSoooooo
gboobogobooogoboobooooogoao
gboobooogbgoboobogobooaooo
uboobobooobooooobobobooaoo
gbogbogobooogboooboboogooao

gbboobooboobooboaoboaoboboao

good

[1] A.N. Netravali and J. O. Limg, “Picture cod-
ing: A review”, Proc. IEEE, vol. 68, no. 3,
pp- 366406, Mar. 1980.

[2] R. C . Reininger and J. D. Gibson, “Distri-
butions of the Two-Dimensional DCT Coef-
ficients for Images”, IEEE Trans. Commun.
, vol. COM-3, no. 6, pp.835-839, June 1983.

[3] F. Bellifemine, A. Capelino, A. Chimienti,
R. Picco, and R. Ponti, “Statistical analysis
of the 2D-DCT coefficients of the differen-
tial signal for images”, Signal Process. Image
Commun. , vol. 4, pp. 477-488, Nov. 1992.

[4] E. Y. Lam and J. W. Goodman, “A mathe-
matical analysis of the DCT coefficient distri-
butions for images”, IEEE Trans. Image Pro-
cessing, vol. 9, no. 10, pp. 1661-1666, Oct.
2000.

p) 00DOO0D“C0D00D0ODO”’0000019870

) DO00000O0“C0O00ooOoooron
000019980

[Oo0000“0000o0o0oorooo0n
00019750

Q000000000 D000”000019830

9000000000 oOOoOooOo“Do0Oon
OO0O000o0oOOoDooD”0000 19940

[10) DOO0O0OOOoooOo“bCTOOOUOOOOO

OO0007000000IE2001-1160 pp. 1-60
Nov. 20010

[11] http://sources.redhat.com/gsl/

0 640


研究会Temp 
－64－




