Korean Journal of Remote Sensing, Vol.23, No.4, 2007, pp.273~285

An Evaluation and Combination of Noise Reduction Filtering and Edge Detection
Filtering for the Feature Element Selection in Stereo Matching

Chang-Gi Moon ! and Chul-Soo Ye

School of Computer Science, Information and Standard, Far East University

Abstract : Most stereo matching methods use intensity values in small image paiches to measure
the correspondence between two points. If the noisy pixels are used in computing the corresponding
point, the matching performance becomes low. For this reason, the noise plays a critical role in
determining the matching performance. In this paper, we propose a method for combining intensity and
edge filters robust to the noise in order to improve the performance of stereo matching using high
resolution satellite imagery. We used intensity filters such as Mean, Median, Midpoint and Gaussian
filter and edge filters such as Gradient, Roberts, Prewitt, Sobel and Laplacian filter. To evaluate the
performance of intensity and edge filters, experiments were carried out on both synthetic images and
satellite images with uniform or gaussian noise. Then each filter was ranked based on its performance.
Among the intensity and edge filters, Median and Sobel filter showed best performance while Midpoint
and Laplacian filter showed worst result. We used Ikonos satellite stereo imagery in the experiments
and the matching method using Median and Sobel filter showed better matching results than other filter
combinations.

Key Words : Tkonos satellite imagery, stereo matching, robust features.
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Fig 1. Flowchart of proposed algorithm.
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Table 1. Filter classification (he: horizontal edge, ve: vertical edge).
Filter type Property Kernel Weight
Mean 5% 5 window mask 1
. Median 5% 5 window mask 1
Intensity filter — -
Midpoint 5 x5 window mask 1
Gaussian 5 X 5 window mask 1
Gradient Sy + D -f P2 + (fa- 1,y) - fo, )P 1
he: (00-1010000)
Roberts ve: (-100010000) 1
he: (10-110-110-1
Edge filter Prewitt VZ: E-l -1-10001 1 ]; i
he:(10-120-210-1)
Sobel ve: (12100012 1) 1
Laplacian 0101-41010) 1
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Fig 4. Testimages (a)~(c): original images (d)~(f): images with 5% uniform noise (g)~(i): images with 10% gaussian noise.
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Table 2. PSNR comparison of intensity filters.

Test image Noise | Intensity filler| PSNR Rank
Mean 245767 3
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Fig 5. Filtered images (a) Mean filtering (b) Median filtering (¢} Midpoint filtering (d) Gaussian filtering (e) Mean fittering (f) Median
filtering (g) Midpoint filtering (h) Gaussian filtering.
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Fig 6. Edge filtering results (a) true edge (b) Roberts fittering (c) Sobel filtering (d d) Prewitt filtering (e) Gradient fittering (f) Laplacian
fittering (g) Roberts filtering (h) Sobel filtering (i) Prewitt filtering (j) Gradient filtering (k) Laplacian filtering.
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Table 3. PFOM comparison of edge filters.
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stereo imagery 1 (b) stereo imagery 2.

a)

(

Fig 7. Ikonos satellite stereo imagery

Fig 8. Feature images of Ikonos satellite stereo imagery 1 (a) Case 1 feature images of Median filter and Sobel filter (b) Case 2 feature

images of Gaussian fiter and Prewitt filter {c) Case 3 feature images of Mean fitter and Gradient filter (d) Case 4 feature images
of Midpoint filter and Roberts filter (e) Case 5 feature images of Midpoint filter and Laplacian filter (f) Case 6 feature images of

intensity values, horizontal high pass filter and vertical high pass filter (g) Case 7 feature image of intensity values.

-282-



An Evaluation and Combination of Noise Reduction Filtering and Edge Detedtion Filtering for the Feature Element Selection in Stereo Matching

Table 5. Classification of matching methods.

R Aol ARG 2 23t
Case 1 Median filter + Sobel filter
Case 2 Gaussian filter + Prewitt filter
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vertical high pass filter
Case 7 intensity values
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Table 6. RMSE comparison of matching methods.

e YA EF | AP | AR AEA | A YA ‘ 13k o RAEE @) | 2 3k oW HE=(%) |RMSE
Case 1 5%X35 80 91.42 (64/70) 94.28 (66/70) 1.03
Case 2 5x5 70 91.30 (63/69) 92.75 (64/69) 121
Case 3 5%5 30 70.76 (46/65) 80.00 (52/65) 1.99
stereo imagery 1 Case 4 S%5 50 65.82 (52/79) 79.74 (63/79) 224
Case 5 5%5 60 57.89 (44/76) 77.63 (59/76) 224
Case 6 5X5 50 86.48 (64/74) 90.54 (67/74) 1.46
Case 7 5%5 20 80.00 (56/70) 87.14 (61/70) 1.99
Case 1 5%5 90 89.75 (70/78) 93.75 (73/18) 141
Case 2 5%5 80 89.26 (69/77) 92.50 (71117) 143
Case 3 5x5 30 74.60 (47/63) 85.71 (54/63) 1.82
stereo imagery 2 Case 4 SX5 50 73.75 (59/80) 85.00 (68/80) 1.87
Case 5 5%35 50 39.62 (21/53) 64.15 (34/53) 252
Case 6 5%5 60 84.61 (66/78) 89.74 (70/78) 1.54
Case 7 3%5 20 80.10 (56/70) 87.24 (61/70) 1.76
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Fig 11. RMSE variation according to matching threshold(Mr).
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