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A Survey on Color Image Vector Filtering Techniques

JIN Liang-hai'’, YAO Xing-zhong'’**’ | LI De-hua"
) (State Education Commission Key Laboratory for Image Processing and Intelligent Control , Institute for Pattern Recognition and
Artificial Intelligence, Huazhong University of Science and Technology, Wuhan 430074 )
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Abstract Color image filtering is one of the most common research tasks in the area of color image processing. Color
image filtering techniques can be divided as component-wise methods and vector processing based methods. However, the
component-wise methods were only used in the early time and a large amount of research indicates that the vector filtering
methods are more efficient than the component-wise methods since the vector processing based methods can preserve better
the spectral characteristics of color images. This paper systematically summarizes and analyzes the fundamental theories and
methods of color image vector filtering, and discusses the recent, important developments in this field. Some typical
applications of color image vector filtering techniques are also reported in this paper. First, the classification of color image
vector filtering techniques is analyzed, and for each class of filtering technique, the most commonly-used, representative
filtering algorithms are introduced and explained in detail. Then, combining the authors’ research on this field, some new
research methods are proposed. Finally, for some representative, frequently-used filtering algorithms, by taking the
impulsive noise for example, both the perceptual visual effect and objective evaluation data are presented to illustrate their
filtering performance.
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Tab.1 Filters used in the comparative evaluation
B2 FRAR S 8 Uk 2% 44 FR B3l 2 2% 3Lk

F Identity filter

VMF Vector median filter Classic vector filter ( I, 2.1 75) [6]

BVDF Basic vector directional filter Classic vector filter (I, 2.1 77) [8]

DDF Directional-distance filter Classic vector filter ( W, 2.1 35) [9]

HDF Hybrid directional filter Hybrid directional filter ( i 2.2 5) [10]

AHDF Adaptive hybrid directional filter Hybrid directional filter ( W, 2.2 35) [10]

AVDF Adaptive vector directional filter Fuzzy vector filter( I, 2.3 #5) [12]

CWVMF Center-weighted vector median filter Weighted vector filter (Il 2.4 77) [21]

MCWVMF Modified center-weighted vector median filter Weighted vector filter ( L 2.4 75) [21]

VLUM Vector LUM smoother Switching vector filter (I 2.5 ) [30]

AVMF Adaptive vector median filter Switching vector filter ( i, 2.5 75) [31]

FPGF Fast peer group filter Switching vector filter (1, 2.5 %) [41]

SCHR[ 32 ] Uk I o vk Quaternion based switching vector filter Developed recently (L 2.7 %) [32]
A IF B R R Y RTR R A S ORISR 0 4 1) .

F2 FHMIBHEIF[IREERIEER (Lena B ,3x3H0O)
Tab.2 Comparison of the performance in terms of MSE, MAE and NCD using Lena test image (3 x3 window)
B A% AN [ W 75 7K ST g Dk S B8 MSE {i \MAE i \NCD fi{
3% 5% 10% 15% 20% 25%
MSE MAE NCD MSE MAE NCD MSE MAE NCD MSE MAE NCD MSE MAE NCD MSE MAE NCD

IF 524.13 4.55 0.046 6 850.55 7.41 0.07521653.70 14.39 0.143 8 2 378.88 20.71 0.202 6 3 061.38 26.60 0.255 6 3 680.94 32.00 0.303 0
VMF 34.18 3.39 0.0298 38.81 3.59 0.0313 60.48 4.20 0.0363 107.66 5.11 0.0444 207.65 6.61 0.0585 383.09 8.90 0.0809
BVDF 43.83 3.91 0.0310 51.67 4.12 0.0324 88.04 4.85 0.0379 180.69 6.14 0.047 7 378.81 8.42 0.0654 701.94 11.81 0.091 4
DDF 34.56 3.43 0.0298 39.17 3.61 0.0312 60.14 4.20 0.0360 106.47 5.10 0.0438 204.25 6.57 0.0577 376.90 8.84 0.079 6
HDF 34,18 3.54 0.0307 39.08 3.74 0.0322 62.07 4.44 0.0377 113.42 5.59 0.0473 223.76 7.57 0.0644 404.20 10.45 0.0897
AHDF 33.84 3.53 0.0306 38.60 3.73 0.0321 61.49 4.44 0.0377 114.81 5.63 0.0473 229.61 7.70 0.0647 415.30 10.72 0.090 3
AVDF 33.19 3.76 0.0319 37.19 3.94 0.0332 58.48 4.70 0.0394 109.15 6.10 0.0511 212.98 8.38 0.0707 382.94 11.49 0.097 3
CWVMF 21.51 1.16 0.0103 41.86 1.57 0.0141 179.50 3.40 0.0327 470.80 6.63 0.0647 919.58 11.18 0.109 8 1479.91 16.55 0.1615
MCWVMF 18.88 0.73 0.006 8 35.51 1.09 0.0106 165.92 2.94 0.0307 450.51 6.16 0.0645 923.87 10.88 0.1125 1539.26 16.60 0.168 8
VLUM 14.60 0.55 0.0053 24.79 0.91 0.0089 78.69 2.16 0.0217 188.43 3.95 0.0399 381.85 6.50 0.0660 674.80 9.94 0.1003
FPGF, 16.24 0.63 0.0058 24.52 1.01 0.0091 53.40 2.03 0.0186 103.83 3.31 0.0303 204.78 5.16 0.0476 382.03 7.83 0.0731
AVMF 16.25 0.63 0.0064 25.73 1.03 0.0104 59.54 2.12 0.0215 117.34 3.45 0.0347 223.45 5.28 0.0528 404.51 7.88 0.0786
SCHR[32]

—— 12.05 0.54 0.0045 18.45 0.87 0.0074 43.70 1.83 0.0156 92.48 3.10 0.0267 190.45 4.90 0.0433 359.04 7.49 0.068 1

I ARG IR 1 rp g B DR BEAT U B . A
1 B7R 7 4% il ik s A 1 ik AR I L AT DL AR
TR, SCHK [32 ] B it By P58k, LUk R By
P18 B AT AR 10 20 28 47 BE T3 0 B 4 O Lo R0CR

6 #& iE

RSO R 0 VRGO U 5 1) BE A B A 5 12 ik

177 BEEMIrIE, I 5128 T 3 R IS T A I8 I 57 3 o
14 e 22 MR FL A B TR 0L o AR, TR G 1A
18 O B PR D 52 2%, e 3 A4l 18 2 [ A7 7F 45 5
SURY N AERR Z B LU R €0 AR 6 Ak 21 LK 2 R
BRBZ. BHEVN, BT ARMRAE AR
B E TR 7EIX 7 T, PUICER) B BV 2 Al
M EFHEEZHRR BORGBREERORN
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