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Image fusion algorithms using discrete cosine transform

CHU Heng., ZHU Wei-le

(School o f Electronic Engineering » University of Electronic Science and Technology
of China , Chengdu 610054, China)

Abstract: An image fusion algorithm based on discrete cosine transform (DCT) and an image fusion
scheme using wavelet transform combined with DCT were proposed. The former based on DCT fused
the corresponding areas of the original images according to the DCT coefficient high frequency energy
and the latter using wavelet transform and DCT fused the low frequency submaps by use of DCT coef-
ficient high frequency energy. The wavelet high frequency coefficients of the highest wavelet decom-
position level were decided by the wavelet low frequency coefficients. The wavelet high frequency co-
efficients of the other wavelet decomposition levels were selected with the greater local deviation. The
fused images of the algorithms purposed were evaluated by some parameters such as average error,
peak signal noise rate, and root mean square error, compared with other conventional image fusion
methods based on wavelet transform or DCT. The experimental results show that the new algorithm
based on wavelet transform combined with DCT provides the best performance with 40. 8% to 69.5%

reduction in average error, 9. 9% to 15. 6% improvement of peak signal noise rate and 34. 8% to
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47.5% reduction in root mean square error. It is superior to the conventional methods using wavelet

transform. This algorithm improves the quality of the fused image effectively, the evaluation results

coincide with the visual effect very well. The algorithm based on DCT needs less computational bur-

den and is more suitable for the real-time processing.

Key words: image fusion; discrete cosine transform; image processing; wavelet transform; com-

pressed domain
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Criteria
A PSNR RMSE

Methods
5 2.15220 35. 808 4.1320
6 1.10990 37.692 3.3263
7 0.65651 41. 408 2.1683

AR T —F 5 F DCT 748 4 LA Jz — Fh 45
G/ AR DCT A8 8 (9 R & 87 7 1. R
i ER PN A SCHR B9 3T DCT 72 e 14 [
GG T RS SOR LT 8 T — 28 I TN
gl DCT A8 iy G Al G 77 . DCT A8 1t
SRURE X T BN TR 2 A B RA I R L ]
LTS DCT A Pl 50k . X F
K TPEG %5 BG4 A% 2 1 U8 18 1% iE 17 il &
B AT HAE e 4 3 AT AR Rl . AR SCHR R 1
T DCT A4 ity G Rl 7 106 38 1 1 52 i vk 22
KBRS E. AXR—RBWEENELERY
DCT 72 4 (1 G Rl 5 5 76 4% SCHIT i e 1 181 4R
A 7R IS T S AR Rl RO 2R T T AR
AR P ER LA R AN AR SCHR
DCT F % 9 e &2 19 2 & Al AR A T |
SR LA A Rt — 2P S

[1] ZHANG ZH, BLUM R S. A Categorization of multiscale-decomposition-based image fusion schemes with a per-
formance study for a digital camera application[ J]. Proceedings of the IEEE, 1999, 87(8): 1315-1326.
[2] LI H., MANJUNATH B S, MITRA S K. Multisensor image fusion using the wavelet transform[J]. Graphical

Models and Image Processing , 1995, 57(3) :235-245.

[3] PAJARES G, CRUZ ] M. A wavelet-based image fusion tutorial[ J]. Pattern Recognition, 2004, 37(9): 1855-



w2 HOH. % T DOT A8 Hf 14 & 7 015 273

(4]

[6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

1£&

1872.
PR, & KRF T F. T /NERIATEARHE EG RG] L% #Z 4, 2003, 11(5): 516-522.
CHEN H B, WANG Q, ZHANG X F, et al. Image fusion based on neighborhood features of wavelet coefficients
[J]. Optics and Precision Engineering , 2003, 11(5); 516-522. (in Chinese)
IME. SET/NPCR B G ER R G Or L] b A5 42, 2000, 8(6): 551-553.
SUN H. Data fusion for image based on wavelet transform[J]. Optics and Precision Engineering , 2000, 8(6):
551-553. (in Chinese)
x4, F KA. DCT ME QAL BMAFAE S BCEOR LT ). v BB £ BB F4R, 2003, 8(2): 121-128.
LIU Y, LI H D. Image and video processing techniques in the DCT domain[J]. Journal of Image and Graphics,
2003, 8(2): 121-128. (in Chinese)
JIANG J M, FENG G C. The spatial relationship of DCT coefficients between a block and its sub-blocks[J]. IEEE
Transactions on Signal Processing , 2002,50(5): 1160-1169.
TANG J SH. A contrast based image fusion technique in the DCT domain[J]. Digital Signal Processing , 2004,
14(3) . 218-226.
ZRd. B EGIM] dbat Dl Ak . 2000.
WU L N. Data compression M]. Beijing: Publishing House of Electronics Industry, 2000. (in Chinese)
WHE, KA, RRA, F. —METRERMALNDCT AshRERE] AEXFFHRARMAF MR, 2003, 43
(1): 55-58.
XIE P, ZHANG L, KANG Z M, et al. Window scale-based automatic focus algorithm using DCT transformation
[1]. Journal of Tsinghua University (Science & Technology), 2003, 43(1): 55-58. (in Chinese)
MALLAT S G. A Theory for multiresolution signal decomposition: the wavelet representation[]J]. IEEE Trans-
actions on Pattern Analysis and Machine Intelligence, 1989,11(7) . 674-693.
MALLAT S G. Multifrequency channel decompositions of images and wavelet models[]J]. IEEE Transactions on
Acoustics. Speech. and Signal Processing, 1989, 37(12). 2091-2110.
B F A, TR B T/NBUR R T 2 B R R A D] P AR K FFR A A F ), 2003, 31
(6): 89—091.
QIANG Z X, PENG J] X, WANG H Q. Remote sensing image fusion based on local deviation of wavelet transform
[J]. Journal of Huazhong University of Science and Technology (Nature Science Edition), 2003, 31(6); 89-
91. (in Chinese)
R, M LR E ZRERBGRG P EAAEDM S HERERII] 24258 FHAK,2002,24(6): 45
—48.
LISH T, WANG Y N, GONG L ZH. Selection of optimal decomposition level of wavelet for multifocus image fu-
sion[ J]. Systems Engineering and Electronics, 2002, 24(6): 45-48. (in Chinese)
MR A ke B L RE R RS B AE/ DI RZ RS T]. A b 242,2004,31(3) : 64-67.
CHEN M SH, DI H W. Study on optimal wavelet decomposition level for multi-focus image fusion[]J]. Opto-E-
lectronic Engineering , 2004, 31(3): 64-67. (in Chinese)
B AEHA976—) B I EE AT A E B EG AL BN B AR I AT 5Y . E-mail: chuheng2000@

163. com



