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TDFA . a generation method of spatial image pyramid

Zhang Yunzhou', Zhang Mo', Wang Jinnian®, Zhang Gang'
1. Taiyuan University of Technology, Taiyuan 030024, China;
2. Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100080, China

Abstract: Objective Currently, downsampling filtration is the main method of generating a spatial image pyramid data, but
any objective indicator has not occurred to evaluate the effect of a downsampling filter because calculating the filter’ s down-
sampling PSNR requires at least two layers of original data of a spatial pyramid. This study establishes the research technol-
ogy roadmap of solving this problem: based on two-layer original signals of video image data, an excellent performance
downsampling filter was discovered and identified and the subjective visual effect of its generation of the remote-sensing pyr-

amid was verified. Finally, we proposed a downsampling method of filtering along the image texture direction to generate a
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high-quality spatial pyramid image. Method Downsampling and upsampling were presented to have been combined to form
a pair of resampling filters, as RSFP served as an approximation of the current layer data of pyramids, which can be used to
evaluate the downsampling filtering effect. Based on RSFP, a novel pyramid-generating approach TDFA was established:
For each 8 x 8 block, TDFA searches to determine the one-texture orientation of the image from five directions, i. e., DC,
horizontal, 135°, vertical, and 45°, and filters along the texture direction implementation of downsampling with a three-or-
der filter, with its effect better than the currently best nearest neighbor interpolation, and the pseudo color, zipper, mosaic,
or block effect does not exist. Result Experimentation and comparisonof effect using a large quantity of image data with sev-
eral typical downsampling filters, the increasing range of average PSNR by TDFA, was approximately 7. 29 dB to 8. 44 dB
for the Lagrange filter; approximately 6.26 dB to 7.40 dB for the bicubic filter; approximately 5. 80 dB to 6.84 dB for
AVS’s 1/4 interpolation filter; and approximately 4.51 dB to 5.70 dB for the nearest neighbor interpolation method.
Conclusion This study proposed a type of texture-filtering algorithm TDFA. This algorithm can be used to generate the re-
mote sensing pyramid, with its quality better than the level of the existing best generation method, and can also be used to
generate a high-quality multilayer video-streaming media data. The proposed resampling filtering pair RSFP can output the
high-precision prediction of the current layer of the pyramid used for a scalable video-encoding process.

Key words: image pyramid; down-sampling; up-sampling; re-sampling filter pair; texture filtering; evaluation of filter
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Fig. 1  The structure principle of filter pair
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Table 1 Performances comparison of PSNR up-sampling
/dB
AVS Lag- AVS  H.264
(1/4) range  (1/2) (1/2)
Y 32.44 34.52 36.16 36.47 36.65
41.97 44.18 45.43  45.54 45.65

Data  Term Bicubic

Crew

40.11  43.86 46.47 46.71 46.97
I 38.17  40.86  42.69 42.91 43.09
Y 25.58 28.15 30.65 31.16 31.48
43.98 45.51 46.59 46.73 46.84

Harbor
46.76 48.55 49.95 50.11 50.25
P 38.77 40.73  42.39  42.66 42.86
Y 32.13 34.48 35.96 36.19 36.33
: U 46.04 48.42 49.86 50.03 50.16
e V4213 44.98 46.83 47.04 47.21
I 40.100 42.63 44.22  44.42  44.57

U TR 4 Bt 3 TR IE R AR, AVS 19 172
TEDE B A T RAERCR By, H 5 6 By H. 264 1y
1/2 SIS B A A B, 220N B 52
1.3 BERFIRIKER

D1 $ 4 B R A 21 CIF A5 2, 18 FH e 48 JT 4
R PIAG T H AT AVS 1 1/4 38 4 08Ik s
iR, 32 BRERAELE X

F2 MERFEIE PSNR 3fiE

Table 2 Effect comparison of down-sampling

/dB
Data  Term IE Bi-linear Lag-range AVS(1/4)
Y 37.08  35.95 34.91 36.70
U 45.98  45.08 44.34 46.07
Crew
14 47.43  42.92 42.22 43.12
W 43.50  41.31 40.49 41.96
Y 32.17 28.84 28.02 29.38
U 47.15  46.81 45.96 47.97
Harbor
v 50.62  49.04 47.60 48.70
Wi 43.31 41.56 40.53 42.02
Y 36.70.  35.70 34.66 36.45
U 50.69  48.96 48.05 49.74
Ice

1% 47.59  45.23  44.04 45.37
P 44.99  43.29  42.25 43.85
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Table 3 Effect of TDFA down-sampling

/dB
Term Crew Harbor Ice
Y 42.62 37.10 43.03
U 51.17 52.16 55.77
v 50.28 54.20 53.28
HE 48.02 47.82 50. 69
M3 W LA H TDFA R EEPERE+ 70 A

PP EEAE B, BT A T 5 9 B SR A PSNR 17
50 dB D) I, 5t Al 3k 55. 77 dB, TDFA #2711
PSNR ({7 [, X Hias B H yE 9 2 7. 29 ~ 8. 44 dB;
S AL P I 2 6. 26 ~ 7.40 dB; X} AVS [ 1/4 4
{EUE I 5. 80 ~6.84 dB; X i AR {E AZ 4. 51 ~
5.70 dB,

TDFA @752 B M5 S s RO o R il . %
ZEMA S i Harbor, 38 2 B 4 ANFERAFRIE DL #5 =5
PSNR 7E 28. 02 ~ 32. 17 dB Z [ii], TDFA i} 2 fif
PSNR 24 37.10 dB, 75 4.93 ~9.08 dB [ 3%, X
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Table 4 Effect of up-sampling based on TDFA
down-sampling
/dB

AVS Lag- AVS  H.264
(1/74) range  (1/2) (1/2)

Data  Term Bicubic

Y 0 0.17 -0.05 -0.23 -0.17
U 0.22 0.34 0.37 0.25 0.22
Crew
Vv 0.10 0.41 0.32 -0.15 0.04
HE 0.10 0.36 0.25 -0.04 0.05
Y -0.01 0.25 0.01 -0.58 -0.52
U 0.36  0.36 0. 48 0.5 0.52
Harbor
vV 0.27 0.27 0.27 0.09 0.19
YE 0.20 0.28 0.24 0.03 0.07
Y -0.06 0.09 -0.03 -0.3 -0.17
U 0.92 1.25 1.61 1. 60 1. 69
Ice

V -0.08 -0.01 -0.19 -0.43 -0.33

HE 0.26 0.45 0.47 0.03 0.40
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Mo, 5 AR R SO IR SEROR 1) BN K, 3k 4
(¥ 15 AsEE2E(E 4 R/NT 0.25 dB, 53 0. 1 dB 1Y
A 24, HHART 13% , K fEA 10 4>, Ul 7
Xt D e 58 BE A5 B 1 AR 1, 67% (i ik 45
RECFF R IRYZEIE 3 T TDFA BERAEAE 5, Frid Tt
RHRCR MR T YRR RR S . B0
TDFA R FEa R 5 IR (5 5 1 220 A+
2o TDFA R AEUE B AR M 6 78, X4 J2 I

AR IR FEAR A T
2.3 HiE RSFP

Jelfi e RSFP (1) FRRAE IR a% , N3 1 J1 AVS
A1 H. 264 1 1/2 SEAEE AR THRAESCR BT, KBy
B h 4 fe B, ug i REC N (- 1,5, 5,
-1)/8 fi(1, -5,20,20, -5, 1)/32, h.0oyék
FEY Ry 578, AVS 1Y i U8 B R B - 1/8, 1E
H. 264 %9535 45 1% 1/32 Fl = 5/32, /0 e 45 2 g
BBz, R4PRSREZNHE AVS 1 1/2 ffHE
UEVE AN, AN IR T AVS i {E U8 9% 48 FH R AR i i
D1 Ji b5 {55, TDFA R R A 19 55040 76 55 2 19 5 1
ST HRGAE Z. JFH 4 Bk kds it B R
PETAG, F e £ AVS () 1/2 36 {5 38 Ik %8 TF %
FE, 5 TDFA R R A 8 U 28 2 i — 1> 31 R AE U8
XJ{H# RSFP,

RJE L AVS 1 172 4 {E I8P A% [7] TDFA L) f&
2 1 4 DRERFEIRPEAT B L 5 A FRFE IR
X, LA RANAER S o

x5 SAERHIRIKIEER D1 HIFEHZR PSNR
Table 5 5 RSFP’s approximation effects of D1 data

/dB

Data  Term TDFA oo B©- Lag- AVS
est linear range (1/4)
Y 36.70 37.13 33.97 33.79 33.97

U 45.29  44.86 42.94 42.89 43.24

Crew
vV 46.86  47.23 41.89 41.56 41.78
Y 42.95 43.07 39.60 39.41 39.66
31.74 33.75 27.69 27.56 27.58
U 46.23 47.03 44.75 44.81 44.98
Harbor
49.92 50.85 47.52 46.79 46.73
Yy 42.63 43.88 39.98 39.72 39.76
Y 36.46 - 36.07 33.67 33.44 33.71
U 48.43 49.84 47.20 47.04 47.39
Ice

vV 47.47 47.10 43.71 43.11 43.37

Y 44.12 44.34  41.53  41.19 41.49

BRI AR LA AEL AT, AR SCHY TDFA 8 38 i J= 8] i
AR R, AR TSR AU 0 ) ) )22 (1) 00 285
545 H R AR UE Bedn U TERE— 2

IR TE AREFER FERCRIE R T TDFA  HEH]
[l — A UE P TR ARG, PSNR H1 F TDFA, 5% )%
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PSNR 2 5|{EHI7E —0.39 ~2.01 dB, -4 PSNR 7&
0.12 ~1.25 dB. FJFEAAE T« fie QB Ui {E 8 1d Fa
MDY R IR CIF R 3 CIF (&5
5 DI FBHERE AN 14, K8 CIF JZ1%
REEFCRA N TDFA  fEUE TRRAE R A 25% 1Y
QR AR W L 7, B TH PSNR PR {E A9V A .
(ELT T S5 81 U, i 08 0 47 L P X — 5 B
TRERBIG I B A B A

393 TDF A 15 408 47 I 904 i P SR A A P
— I 2" x 2" R R G R HE 6 )2, AR N
25106, F1AVS 19 172 $f{E 38 s 2 T T RATE 215

Afr S JRIFHIE PSNR AR 6 P

&6 %= RSFPRIKIR PSNR XLt
Table 6 Effect comparison of multi-layers RSFP filtration

/dB

Layer TDFA Nearest A
2 (2" x2") 38.30 38.70 -0.40
3 (2° x2%) 33.26 32.97 0.29
4 (2% x2%) 30.65 29.81 0. 84
5 (27 x27) 29.15 28.06 1.09
6 (2°x2%) 28.21 26.96 1.25

MR 6 F i Bl ZEE N, AR i (e s
SR RSFP 5 R A 8 i A A0SR B o Bl 22, F R
FE PSNR 2|25 6 JZH}, 5 TDFA () RSFP #fLL, K2y
£ 1.25 dB.

H T TDFA 7 RAFHI R FETERE , 41 i RSFP

Ab 3R 22 J2 BRI IV 1 S5, AS SO TDFA A28
FORFEIEBONT{E RSFP,

ST ET

WUEEAS SCHY TDFA FESRAE I8 A 1) 3200 57 12 5
5 HATRERAFEROR S 19 TE S0t e 4390 A
SR UTARAE 735 A TDFA J5 3 B R A — 1 2" x 2" R
SF R RSEAR, AR ST AR B R 2 x 2,27 X
2%,--,2° x2° it 6 R e FIE AR, /S MCAE Lay-
erl024-TE Fil Layerl024-TDFA | - %8 & 4 2 P\ J5
ARG R BT 27 x 28 RSF IS, B S =M
Layer1024 F1 Layer512 43 #5551 iy 2° x 2° R~F &
1%, I\ Layer256 JZIFUh, B4 5 2" x 2" RSF iy 4R
G AR SE BRI

IS AT LLUE Y, TDFA R AEBOR W] A T
I AR 5, B R R AT 2 Layer6d 22, HAH
WORIG M . e AR (AR T | A K = D A 2%
5e, I ELOWR T Eh 58 v B A 2 25000 1 m 52 fm e 1
#, 3 Layer256 2 L4800 S AR SO LSRR 7 A
THELAAS LB

FAAR SCHZ Y RSFP HRAEUEJALBE F ik 6 2
EUR B — )2, 15 2 4 J2 EUR T RAE G X5 iR 2
WHEZRE Rl I 52551155 PSNR (£ 6) .
326 AT LI 1, TDFA 15 B 3855 W5 3 J2 TP IR
T IR B3 256 6 2y 1.25 dB,

B4 JFUIRARER Layer2048 fi—4~ 27 x 2" %643

Fig.4 A 2° x2° part of original image picture
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Layer 1024-1E Layer 1024-TDFA

Layer 512-1E Layer 512-TDFA

o)

Layer 2056-1E Layer 256-TDFA

ayEr 128-1E Layer 128-TDFA Layer 64-TDFA
&5 TDFA 55 ARUr i E R SRR XS H
Fig. 5 Comparisons of results of IE and TDFA down-sampling
RSFP 037 T 5% 4 IS RO T 1P k. 36
4 & it FIIT AT L B s AR 4 T I
PEREIEWE 248 RSFP, 1% RSFP {1 j SR R 43 R A
AR M R A P 6T RSFP A2, A ASCHE S s EE T 1a) g I TDFA , TR RAEES 47 %
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AVS {9 1/2 ffEUEM RS . R4 T ISR 1% PSNR &
F AR 4. 51 ~5.70 dB,

2% RSFP JE I & T 0 QB X 1 B i —
I K E TN , A7 O 9R 25 e ARAIR, +43 F FIE
4. FET I RAE IR RSFP, W] LU 7 —Fh
F A8 TS 45 4 0 A B 0 B M 2 ) e
VEDE TDFA % 4 555 B30 19 )2 P9 S0 IR 56, 2640
T H. 264 5 AVS ({0 FE 4 538 o J2 1] RSFP 83
LA FHERIGZ A, A2 T H. 264 5 AVS
FRYIE IV .45, AT TG 30 208 ) PR 4 2R

TDFA [FRAE I8 Bl 25 kR AT A AR KR TH 25 11
3 HLE TDFA FRPEIE A, 76— 8 x 8 {2 K Hur
12 S NGO T 1], AT AVERE BN 4 x 4 (4 2 et
TR, s % P 2 48 R 7 1] (H. 265 Fl AVS2
A 33 &I ) U A RS R EOR AN R SO R
B, X 2tk ok TDFA CRAEEOR
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