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Image Interpolation With Predicted Gradients

LU Zhi-Fang' ZHONG Bao-Jiang'

Abstract
gradients (PGI). First, the idea of contrast-guided image interpolation (CGI) is employed to diffuse the edges in the low-

A new nonlinear image interpolation algorithm is proposed, referred to as image interpolation with predicted

resolution (LR) image. Then, unknown pixels in the high-resolution (HR) image are predicted. Finally, a 1-D directional
filter is employed to process edge pixels while a 2-D directionless filter is used to interpolate non-edge pixels. Compared
to the common nonlinear image interpolation algorithms, the new algorithm has a better interpretation of image edges.
Compared to the CGI, the PGI can predict the property of unknown pixels more precisely (including whether an unknown
pixel is an edge pixel or not, and its direction if it is). Experimental results show that PGI has a better performance than
the existing algorithms, either with respect to visual effect or in terms of objective criteria. In addition to interpolate
color images, the usual RGB space needs to be converted to the Lab space. As a result, pseudo-color can be suppressed
and the computational complexity is reduced.
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Fig.9 The characteristics prediction of pixels on HR

based on the characteristics of pixels on LR
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Fig.11 Demonstration of color image interpolation in

different color spaces
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Fig. 12 Twelve test images used for simulation experiments

# 1 REHEEFZEET PSNR 1 (dB)
Table 1 A comparison of different interpolation methods with respect to the PSNR (dB)
Bicubic NEDI LMMSE SAI SME NARM CGI CED
pllpRYESRE AR SCEE
(1981) (2001) (2006) (2008) (2010) (2013) (2013) (2016)

Airplane 29.28 29.76 29.86 30.38 30.29 30.41 30.03 29.97 30.05
Bike 25.96 25.99 26.06 26.99 26.79 26.97 26.71 26.58 26.71
Boats 29.64 29.57 29.66 30.00 30.06 30.26 29.81 29.78 29.79
Bridge 25.85 25.72 25.68 25.94 25.88 25.86 25.70 25.76 25.66

Butterfly 26.17 26.88 26.44 27.40 27.39 27.32 27.68 27.46 27.68

Cameraman 25.26 25.38 25.55 25.77 26.06 25.78 25.75 25.82 25.82
Fence 23.08 21.68 23.09 22.28 23.10 23.21 23.15 23.16 23.14
House 32.06 31.84 32.47 32.73 33.08 33.23 32.70 32.57 32.76
Lena 30.19 30.57 30.50 31.34 30.94 31.38 31.07 31.03 31.11

Parthenon 25.65 25.38 25.74 25.65 25.71 25.81 25.66 25.69 25.65

Station 24.65 25.04 25.07 25.94 26.03 26.16 26.28 26.23 26.39

‘Wheel 19.59 21.06 19.64 21.53 21.94 20.76 22.38 22.28 22.44
[EIERF e 0 0.12 0.20 0.71 0.82 0.81 0.79 0.74 0.82
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Table 2 A comparison of different interpolation methods with respect to the SSIM (dB)
Bicubic NEDI LMMSE SAI SME NARM CGI CED
M LS
(1981) (2001) (2006) (2008)  (2010) (2013) (2013)  (2016)

Airplane 0.9261 0.9311 0.9330 0.9374 0.9357 0.9410 0.9348 0.9336 0.9355
Bike 0.8610 0.8494 0.8593 0.8782 0.8741 0.8807 0.8739 0.8702 0.8740
Boats 0.8764 0.8735 0.8752 0.8825 0.8842 0.8888 0.8794 0.8788 0.8796
Bridge 0.7982 0.7823 0.7875 0.7992 0.7989 0.8015 0.7932 0.7941 0.7923

Butterfly 0.9508 0.9562 0.9531 0.9621 0.9599 0.9634 0.9638 0.9626 0.9641

Cameraman 0.8649 0.8647 0.8692 0.8732 0.8730 0.8779 0.8717 0.8711 0.8724
Fence 0.7604 0.7411 0.7573 0.7518 0.7654 0.7734 0.7647 0.7647 0.7649
House 0.8747 0.8722 0.8755 0.8757 0.8793 0.8819 0.8781 0.8773 0.8781
Lena 0.9114 0.9129 0.9118 0.9239 0.9191 0.9243 0.9208 0.9203 0.9217

Parthenon 0.7894 0.7719 0.7886 0.7863 0.7847 0.7919 0.7878 0.7877 0.7873

Station 0.8928 0.9023 0.9028 0.9160 0.9187 0.9216 0.9219 0.9208 0.9235
Wheel 0.7723 0.8227 0.7686 0.8415 0.8406 0.8308 0.8619 0.8584 0.8639
A 0.8565 0.8567 0.8568 0.8690 0.8695 0.8731 0.8710 0.8700 0.8714

%3 RREEEFEET EPT By & (dB)
Table 3 A comparison of different interpolation methods with respect to the EPI (dB)
Bicubic NEDI LMMSE SAI SME NARM CGI CED
A AR
(1981) (2001) (2006) (2008) (2010) (2013) (2013) (2016)

Airplane 0.7776 0.7793 0.7452 0.7629 0.7946 0.7730 0.8055 0.8050 0.8080
Bike 0.7725 0.8059 0.7469 0.7808 0.7917 0.8027 0.8267 0.8257 0.8323
Boats 0.7473 0.7359 0.7052 0.7279 0.7671 0.7209 0.7607 0.7586 0.7640
Bridge 0.7009 0.6802 0.6648 0.6855 0.7039 0.7055 0.7149 0.7090 0.7218
Butterfly 0.8406 0.8713 0.8175 0.8516 0.8691 0.8657 0.8856 0.8863 0.8874
Cameraman 0.7342 0.7212 0.6902 0.7099 0.7562 0.7234 0.7528 0.7554 0.7542
Fence 0.7015 0.7901 0.6738 0.7213 0.7309 0.7227 0.7118 0.7110 0.7141
House 0.7508 0.7429 0.7213 0.7400 0.7723 0.7231 0.7580 0.7581 0.7594
Lena 0.7928 0.8078 0.7711 0.7928 0.8075 0.7946 0.8236 0.8234 0.8273

Parthenon 0.7018 0.6996 0.6632 0.6803 0.7175 0.6884 0.7159 0.7142 0.7191

Station 0.8475 0.8781 0.8125 0.8433 0.8684 0.8656 0.8979 0.8968 0.9003
Wheel 0.7310 0.8214 0.6785 0.8036 0.7912 0.7455 0.8159 0.8186 0.8178
A 0.7582 0.7778 0.7242 0.7583 0.7809 0.7609 0.7891 0.7885 0.7921
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{H T B0 4 A B S @ s — MR HER R 1B
g o PR R Z BRI K &R, ARG AT IS4

B, PR, ZEEREEE R 9 M T RIEY, P
YIS TR R L2 A SCRIR T IHAE R TE) 1Y 300 f%. SME
FE BT PSNR LRI T, (ALEFTRESR Y
P2 I B 5 T AL T IS 95 55, £ AR SRR 100
. XF SAL 3%, miF AR R4 T C U,
It PABLAE A Z 5 HUB.

e WM PE 7 T, AT T A R S
ZRORFE L RE B 320 G 0 ol MR P 0 o 25 7 T 14 3% B
B, FLBSCHR 5T (Bicubicl!, NEDIT %)
Ao PR L™ A B B %, B R R 4 STk
fFEvE (SATE. NARMIM 45) $50) DAZ: th B0
KRR HR FR.

& 13 4 T Bk Bicubic HIRAMHA 8 FhIEIA
XA Wheel Sl fE R ERCR LBE. 0 T HERS
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Table 4 A comparison of different interpolation methods with respect to the CPU time (s)
Bicubic NEDI LMMSE SME NARM CGI CED
bIURRMESHE AR
(1981) (2001) (2006) (2010) (2013) (2013) (2016)

Airplane 0.052 12.547 11.501 170.446 387.140 1.662 1.178 1.715
Bike 0.048 28.306 23.947 399.348 1014.306 3.530 2.572 3.766
Boats 0.030 17.657 14.464 235.319 580.087 2.126 1.554 2.279
Bridge 0.030 17.886 14.339 233.430 708.391 2.285 1.633 3.113

Butterfly 0.016 7.175 7.024 109.869 233.126 1.006 0.754 1.133

Cameraman 0.011 3.906 3.506 52.474 127.869 0.518 0.399 0.527
Fence 0.008 4.658 3.484 53.359 154.776 0.540 0.395 0.572
House 0.008 3.780 3.480 52.230 141.061 0.539 0.379 0.549
Lena 0.007 3.990 3.483 52.295 157.384 0.545 0.427 0.598

Parthenon 0.018 8.543 7.192 116.360 332.498 1.136 0.812 1.218

Station 0.009 4.092 3.516 52.557 145.134 0.551 0.427 0.618
Wheel 0.008 2.764 2.309 35.045 98.709 0.375 0.304 0.430
SEE 0.020 9.609 8.187 130.228 340.040 1.234 0.903 1.377

AAAA

(a) NEDI (b) LMMSE

AAAA

{(e) NARM (H CGI

(c) SAT (d) SME

(g) CED (hy A3CHE

(h) Ours

B 13 AFIEXT Wheel EERYB{ESEHR R

Fig.13 Comparison of interpolation results on Wheel by different interpolation methods
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Fig.14 The comparison of test images via CGI and ours with an interpolation factor 4 x 4
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Fig.15 Comparison of interpolation results on edges by different interpolation methods
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Fig.16 The comparison of color images via CGI and ours

# 5 CGL HIEM PGI B F 6 KR IETHE{ER PSNR (dB) Ml CPU i8] (s) HLE

Table 5 A comparison of different interpolation methods with respect to the PSNR (dB) and the CPU time (s)
P AN Butterfly Airplane Starfish
PSNR CPU time PSNR CPU time PSNR CPU time
CGI 27.59 1.5 29.94 4.1 28.91 1.4
AR SCEE 27.75 0.6 29.95 1.4 29.01 0.6
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