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Video Synthesis with High Spatio-temporal Resolution

Using Motion Compensation and Image Fusion in Wavelet Domain

KiyoTaAkA WATANABE,! YOSHIO IwWAIt HAJIME NAGAHARA,T
MASAHIKO YACHIDA' and TOSHIYA SUZUKIt

This paper presents a novel algorithm to obtain a high spatio-temporal resolution video.
To this end, we introduce a dual sensor camera that can capture two video sequences with
the same field of view simultaneously. These sequences are high resolution with low frame
rate and low resolution with high frame rate. The proposed method estimates motion in-
formation through the video with high frame rate, and conducts motion compensation for
the high resolution sequence. Moreover, the method fuses a low resolution image with the
motion-compensated image in the wavelet domain. We conducted simulation experiments
using MPEG test sequences as input videos and evaluative experiments using real images
captured by the dual sensor camera. We investigated the optimum selection of wavelet func-
tions through these experiments. We also show the synthesized images from real images.
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Fig.2 Concept of dual sensor camera.
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Fig.3 Block diagram of proposed algorithm.

000000000000 000000D000000
ORDWT 0OOOO0O0O0ODODODODOOOOOOOO
ooo00ooooooooooo*®Yoooooo
00000000000 000O00RDWTOODOO
0000000000 RDWTODOOO0OO000000
00000000000D0000000000000
000000000000000D000000000
000000000000000000000000
000000000000 IDWTOO0O000000
000000000000000000000000
000000000000000000D000000
000000000000000000000000
oDooooon
O000000O00ORDWTOOOOOOOOD0OO
000000000000000000000000
000000000000000D000000000
00O0000D0O000O00o0On
00000000000000000000000
0000000000000 D0000000000
000000000000000000000000
00000000000000000RDWTOOO
000000000000000000000000
oDoooOoDn
4.1 0O0O0OOO0ODO
04000000000000000000000
000000000000000000000000
0000000000000000000000 ¢0
000000D0000000000 t+At0000
0000000000000 00000At>000
0000000000000 0forward motion esti-
mationld At <0 000000000000 DO0
O backward motion estimation0 0000000 4
0000000000000000 (z,y) 0000

July 2006
W4t + At
37
5t ‘ /v(-’f-l/)
el (2,y)
uﬁ; 5= b TL— 4

Ty A—=TL =4
04 0O00O0D0OO
Fig.4 Terminology of motion estimation.
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Table 1 Description of test sequences.
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Fig.6 Relation between two input sequences.
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Table 2 PSNR results.

000000 | Haar  15/3  12/6 D4 DCTOM™ 0ooo
Coast guard | 23.95 22.27 24.04 23.47 24.03 22.03
Football 20.53 19.72 20.91  20.51 20.67 20.69
Foreman 26.70 24.78 26.93  25.66 26.54 25.29
Hall monitor | 29.51 24.82 29.39  27.12 29.99 22.82
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Fig.9 An example of frames where the oscillation occurs.
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Fig. 10 Effect of false color noise.
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Table 3 Comparison of processing time.
0000000 | Haar  15/3  12/6 D4 DCT OO
0000 [sec] | 30.45 37.02 39.54 52.11 35.75
04 000000000

Table 4 Wavelet functions.
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Table 5 Evaluative results of wavelet functions.
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Fig.11 Examples of input images.
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Table 7 Wavelet coefficients.

n -2 -1 0 1 2 3
Haar  h, 0 0 1/2 1/2 0 0
In 0 0 /2 —1/2 0 0
12/6  hn 0 0 /2 1/2 0 0
gn | —1/16 —1/16 1/2 —1/2 1/16 1/16
15/3 h, | —1/8 1/4  3/4 1/4 —1/8 0
gn 1/4 —1/2  1/4 0 0 0

06 O0OODOODODOO
Table 6 Effect of geometrical error.

00 (ds,dy) OO [pixels] | Haar 12/6 15/3
(0,0) 0 26.70  26.93 24.78
(0.5,0.5) 0.71 26.23  26.44  24.03
(0.5, —-0.5) 0.71 26.03  26.24  24.58
(—0.5,0.5) 0.71 26.21 26.38  24.54
(—0.5, —0.5) 0.71 26.20  26.40 25.34
(-1,-1) 1.41 25.31 25.50  25.70
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Table 8 Effect of optical error.
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Fig.12 Synthesized high resolution image from real

images.
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