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Image Filter Optimization Method based on common
sub-expression elimination for Low Power Image Feature

Extraction Hardware Design
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Abstract In this paper, image filter optimization method based on common sub-expression elimination is
proposed for low—power image feature extraction hardware design. Low power and high performance object
recognition hardware is essential for industrial robot which is used for factory automation. However, low
area Gaussian gradient filter hardware design is required for object recognition hardware. For the hardware
complexity reduction, we adopt the symmetric characteristic of the filter coefficients using the transposed
form FIR filter hardware architecture. The proposed hardware architecture can be implemented without
degradation of the edge detection data quality since the proposed hardware is implemented with original
Gaussian gradient filtering algorithm. The expremental result shows the 50% of multiplier savings
compared with previous work.

Key Words : Feature extraction, gradient magnitude calculator, high-throughput signal processing,
low—complexity hardware architecture.
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#]% (Image pre-processing)2] VLSI (Very large
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2 [5-7. AAE A1 st=do] AAE
A3 7€ AFEAA =2 A5 dEd B3
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E2 o|vA| Gradient ZH | it HHES W

X

o ®%F 3l ¢l Infinite impulse response
(IIR) 28 25 A&t e av5He #
AArS slAdste] vk oz giAs ALY [6] B

(d)

a8l 1. Gradient 2E{7} M%l o|o|X| ¥ Gradient magnitude O[0|X|. (a) ¥& O[o|X|. (b) X-2&F Gradient EE{T}
M= o[o|X|. (c) Y-2& Gradient ZE{7} MEE o|0|X|. (d) Gradient magnitude O[O|X].

Fig. 1. X/Y Gradient filtering image and gradient magnitude image. (a) Original image. (b) X-direction gradient
image. (c) Y-direction gradient image. (d) Gradient magnitude image.
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Fig. 3. Hardware architecture of FIR Filter. (a) Direct

form FIR filter. (b) Transformation process of
Direct form to transposed form FIR Filter. (c)
Transposed form FIR ZE.
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Fig. 4. Proposed hardware architecture of Gaussian gradient filter.
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Fig. 5. Edge detection result. (a) Original image. (b) Edge detection result using previous Gaussian gradient filter.
(c) Edge detection result using proposed Gaussian gradient filter.
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