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(Pyramid Image Coding Using Projection)
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Abstract

In this paper, we propose a progressive image transmission technique using hierarchical
pyramid data structure which is constructed based on the projection data of an image. To
construct hierarchical Gaussian pyramids, we first divide an image into 4 x4 subblocks and
generate the projection data of each block along the horizontal, vertical., diagonal, and
antidiagonal directions. Among images reconstructed by backprojecting the projection data
along a single direction, the one giving the minimum distortion is selected. The Gaussian
pyramid is recursively generated by the proposed algorithm and the proposed Gaussian
images are shown to preserve edge information well. Also. based on the projection concept
a new transmission scheme of the lowest Laplacian plane is presented.

Computer simulation shows that the quantitative performance of the proposed pyramid
coding technique using projection concept is similar to those of the conventional methods
with transmission rate reduced by 0.1 ~ 0.2 bpp and its subjective performance is shown
to be better due to the edge preserving property of a projection operation.
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Fig. 7. Reconstructed images based on the
projection data along a single direction.,
(a) Horizontal (PSNR : 28.23 dR).
{(b) Vertical (PSNR : 27.63 dB).
(¢) Diagonal (PSNR : 28.44 dB).
(d) Antidiagonal (PSNR : 29.23 dB).
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Expanded G: planes and difference
images of the HOUSE image.

(a) Proposed method (PSNR @ 31.27 dB)
(b} Proposed method by Burt and
Adel-son (PSNR : 32.27 dB).

(¢) Difference image of (a),
(d) Difference image of (b).

Fig. 8.
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te

Yool spdg mesle] ik A sted A-sled
c}.
ki 1. ebEebe Hwo w ofzbE s 2
7
(a) GIRL <44
(b) HOUSE <34¢
(¢) COUPLE <34
Table 1. Number of levels and step sizes of
a uniform quantizer for the
Laplacian planes.
(a) GIRL image.
(b) HOUSE image.
(c) COUPLE image.
o A1} 314
R Bk Al v rarvwrss ey BT
Lo 3 27 32 28
L1 7 17 20 20
L2 15 12 14 16
L3 31 3 3 3
(a)
e | dee Rl ]
Burts} Adelson | B F | Aw wl
Lo 3 28 ) 25
L 7 19 21 19
Lz 15 12 11 13
L3 3 3 3 3
(b)
B | w2y qus i 5 ]
Burts} Adelson | B 2 | QU U4
Lo 3 28 32 28
Li 7 18 19 21
L2 11 11 12 15
L3 31 3 3 3
(c)

A5g vlazslr] flate] HEu|EgS A A3
& 7t AgdAloA] e vl Egsteld PSNR3He
TFaksdek. ©]73-% oFAst A 2aE me{Ele] v
EAE Hopt amAelst 1A #EEE S
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o}, ZtedAte] elEetAll eiel= 2h ASe] g’
ozt #wWst 7E4L ¥ 1o Ryl AYAlA
Burt®} Adelsone Burt®} Adelsono] #|kgt Hhg
o di3t AgAselnr HYHL HTE FHv|ol gt
Ay Aol w Ahgt whHL £49-& o837 gepr|c
o 2§ AgATeI}, f}3 A& =HEEAQE
[ A UA-HR AL oo 2HEEtAql e
= Zb Az Ak 4] (20) 22 HE] i dEZ
o] 2J3 HjES-S F 20 Rl Alkdk whye] B
AR Lo oA+ Burt®} Adelsone] Algkat Wy
I v|s=3ln Y S| =g o]4]) iRl 2
o}, 57t SkskEA Al”KRE w o] F4te] 71E9
it S7bEkA R A9 Al date] AAl AS
ol v FEE meEhH At uye) A A
F U EEL T e S|,

.

-255 [ 255 -285 0 258

(a) (b)

.

-255 0 255 -255 0 255

(c) (d)

38 9. Lo el HHe 3|~k
(a) Lo 9 (F4F : 50.77)
(b) Feddlole} (4t : 27.8T)
(c) 2FA1shd Lo g
(d) sk Foddlo|et 24 E1% L
Fig.9. Histogram of the Lo Laplacian plane.
(a) Lo plane (variance : 50.77),
(b) Projection data (variance : 27.87),
(c) Lo plane quantized to 3 levels.
(d) Lo plane reconstructed by the quan-
tized projection data.

E: 2. gEepAQl Y] ¥4 2 Age|ES
(a) GIRL <4
(b) HOUSE <34+
(¢) COUPLE <34t
Table 2. Variance and bit rate of the
quantized Laplacian planes.
(a) GIRL image,
(b) HOUSE image,
(¢) COUPLE image.

Burt®} Adelson 3 & ALy i
B RITD [t | ¥ | wmaten | €2 | 9=giew)
Lo 49.26 0.403 66.98 0.407 50.77 0.410
L 79.30 0.250 113.98 0.261 122,10 0.263
L2 142 42 0.1 183.07 0.110 226.64 0.112
3 182.95 0.062 220,32 0.064 443.62 0.065
(a)
_— Burt®} Adelson 3 2 Aeigh by
Tl e [usgmm | 2 TuEge) | £0 [uiEgom
Lo 37.59 0.358 54.28 0.358 36.46 0,360
Li 83.18 0.218 113.05 0.218 11215 0.218
L2 187.65 0.104 164.30 0.102 264.11 0.102
i La 198.26 0.054 211.97 0.053 331.25 0.054
(b
% Burt2} Adelson S Aae g |
2y [eimgtem | ¥ [HEalbe) | £ 4 | alE&b) |

Lo 60.84 0.435 78.49 0.437 65.55 0.439
L 76.02 0.243 99. 42 0.265 142.50 0.260
Lz 98.06 0.108 132.23 .11 235.25 0.112
Ls 120.60 0.058 155,65 0.059 317.91 0.064

(c)

23 99l GIRL Ao =HEebAel 9 (Lo ¥
ol dig slaead Exwel BAS Boch
Lo He] Foddloje)l= Ul Lo HHHE} 0 (zero)
Foll SAF daEaml] E¥EZHS 7R FAgE
A 2SS B 4 oot gdepq 2w ofats)
Al MEZ 7L 71E2] wlnc) o] 2folx)3 wpehy
Foddlojete] ofatsl &go] Fom x 4x4 HE
Holl i =5, =12] v}k Foivk-S yedsd
A Apdolels 1o FHS A ekaislsle] A4
g e} vl 1/28 ZH4Hch oFxEE 1o H9
o daidx 7]=e 3 Hdl ol Ec} F£oddloletE
oFAlstgt thg o Rodsle] B4lgl gwle] FjAary
Zhol oFzkEslr] Ao 1o Hwe Fasxed A

g & 5 ek

& 40l B HRE FddAsele A5
Age AgmESt 4% walch FAueleE
FABA A} A T2 ST P AL

=HSRA RS A noie



E_Q_

‘r‘ E

R

(a) {b)

(d)

OA

=

AOLQ,] ;

a8l 10. GIRL 3 Aol whE
(a) G
(b) Ga,
(¢) Ga,
(d) Ga, Ls, Le,
(e) Ga. Ls, L2, Li, Lo
Reconstructed GIRL images accord-
ing to the transmission stage.

(a) Ga,

(b) G+ and L,

(¢) Ga, Ls. and Lz,

(d) G4, Ls. L2, and Lu.

(e) Ga, La, Lo, La,

[o5

La

Ls. La

Fig 10.

and L.
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o] &% A=

Ax B33 %
el e 27 AfdAddde 71 e
Hoiz| A wk AEAr) ZoFEeE Aoke whye A
ol Hah FolHlg B F ook 53] FHFd Aol
Aokgh ube] AE-& dAtel weba 0,144 0.
2bpp o144 HAad H$Eolr Burtet Adelsone]
Aaket Wy # wlssly FJFugvls PR
1dBel’d $-p&fct,

E:d 3. Lo HHle] Feddlolete] oxbsh(fxs}

Helg = 7)

(499)

(a) GIRL <34
(b) HOUSE <4+
{¢c) COUPLE %4t
Table 3. Quantization of the projection data
of the Lo plane.(number of
quantization levels = 7)
(a) GIRL image,
(b) HOUSE image,
(c) COUPLE image.

| A 21 PSNR (dB) H|E& (bpp)
11 33.06 0.420
12 32.86 0.401
14 32.61 0.314
15 32.29 0.286
17 32.06 0.220

(a)

ofA}s} 744 PSNR (dB) | ®E$ (bpp)
12 34.70 0.335
15 34.40 0.235
17 34.22 0.196
20 34.04 0.155
23 33.78 0.123

(b)

st 2 PSNR (dB) | ¥®lE% (bpp)
12 33.53 0.406
14 33.11 0.323
17 32.48 0.237
20 32.24 0.177
23 32.03 0.136

(c)
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(a) GIRL <34+
(b) HOUSE <34}
(c) COUPLE <d4F
Table 4. Performance comparison at each
transmission stage.
(a) GIRL image,
(b) HOUSE image.
(¢) COUPLE image.
Burt2} Adelson 2 z Ay why
s B Ther® | B Ml | W har
G4 19.90 0.031 20.43 0.031 19.67 0.031
Gyrla 22.76 0.093 2.88 0.095 22.36 0.096
Garlarlz 26.51 0.204 25.84 0.205 26.20 0.208
Geslasle+ly 30.37 0.454 2.2 0. 466 30.07 0.471
GasLasleslyslo 32.93 0.857 31.47 0.873 32.61 0.785
(a)
Burt$} Adelson 3 =+ At Wy
AEOA m -Y"zb:b%i '(’dslﬁ ﬁ-llb;;lﬂei m Taz H]E*
Gy 20.38 0.031 20.69 0.031 19.83 0.031
Gq+Ls 22.67 0.085 23.10 0.084 228 0.085 .
Gy+La+lz 26.53 0.189 26.04 0.186 26.59 0.187
Ga+La+Lz+Ly 31.23 0.407 29.98 0.404 30.85 0.405
Ge*Ly+Lz+Li+lo .03 0.765 33.37 0.762 34.04 0.558
(b)
Burt3} Adelson 3 Megh why
HeUA m Ji"!z Hl‘i ﬁ.ﬁ ﬁHIE m %‘—lzb;li—*
Gy 21.33 0.031 21.76 0.031 20.61 0.031
Ga+ls 23.50 0.089 23.66 0.090 22.84 0.095
Gyslaslz 26.39 0.197 26.17 0.201 25.86 0.207
Garlatlasl, 39.29 0.440 29.20 0.466 30.02 0.467
GasLaslzoLyi+Lo 32.83 0.875 32.00 0.903 32.48 0.704
(c)
AHkgh w2 Fgdlelele] o] RE ANE s
Bhodge] FA e |Ee) T upnch 959

(b)

Er
e

(500}

£30% BHE 5K

(d

(e) (f)
32 11. HOUSE <34ke] B-4dedal 5 @ xjod A}
a) oJo:ML(xﬂo 6;_} Hohﬂ)
) (a)9) SapedAk(Alargt W)

(c) 234 Burt2l Adelson)

(d) (©)®] 234 Burtet Adelson )
(e) B A ()

(f) ()] 2aped ()
Reconstructed and difference images
of the House image.

(a) Reconstructed image (proposed),
(b) Difference image of (a) (proposed).
(¢) Reconstructed image (Burt and Adelson),
(d) Difference image of (c}(Burt and Adelson),
(e) Reconstructed image (mean).
(f) Difference image of (e) (mean).

Fig 11.
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odake] o] AapA o spAbgEe &alg & glct.
I3 119 Aokt sy 7129 whiae] 33
AgH g Ho)r] $)sled HOUSE <dAke] Ajakgt
b sl 7]&0) whlo] FHEHLGA 2 16817 &4}
dAHE A Aok aelld me AljkeE Wi e

s}alo] Helgh R-22a op|zl HOUSE <¢d4de} 7]
E3b 28 o2 BEoA % Burt®h Adelsone] At
Lis J*’d W Haslaie| =5 )43 ubH b} %
€ 8 2t ole 2AANS Avrd o FeF
el *ﬂ?h} o] A E E{sls Aol 7]|E
o) wiele] oA E Esle eapBuc ddizies

no

A},
E:d 5 Agdatel g Agnla
(a) GIRL <4+
(b) HOUSE <4}
(¢) COUPLE <34}
Table 5. Performance comparison for noisy
images.
(a) GIRL image.
(b) HOUSE image,
(¢c) COUPLE image.
Burt2} Adelson 3 k1 A e
T [ rew @) A kbee) | POR (@) | Adik(brp) | POR(B) | Agkibop)
0 32.93 0,857 31.47 0.873 32.61 0.78%
5 31.21 0.9% 30.18 1.032 30,82 1,080
10 26,71 1,495 26. 42 1.372 28.26 © 1,316
20 2‘2.37 2.045 21.79 1.975 4.0 1.688
30 20.62 2,208 19.67 } 2.2 21.55 2.061
(a)
Burt2} Adelzon k] E ALY Wy
®  [row ()] Aeum) | PR () | B lopp) | POR(E) | A (bon)
0 34.0 0.765 33.37 0.762 .04 0.558
5 2.2 0.883 32.23 0. 806 3.9 0.796
10 26.65 L3n 26.82 1.193 28.55 1,044
20 22.07 1.987 21.40 1.925 23.85 1.477
30 20.27 2213 19.14 2.213 21.01 1.784
(b)
. Burt$} Adelson 2 2 A
PSR (dB)| Md-g(bpp) | PR (dB) | Mf-ik(bpp) | PSNR(B) | A4 {bop)
0 32.83 0,875 R.00 0.903 32.48 0.704
5 3142 0.999 0.7 0.985 31.00 0.909
10 27.47 1.359 27.30 1.285 28.64 1.077
20 22.95 1.89%0 22.59 1.838 24.76 1.417
) 21,03 2122 00 | 21 .05 1.682

(c)
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