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Low Complexity Gradient Magnitude Calculator Hardware
Architecture Using Characteristic Analysis of Projection

Vector and Hardware Resource Sharing
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Abstract In this paper, a hardware architecture of low area gradient magnitude calculator is proposed. For
the hardware complexity reduction, the characteristic of orthogonal projection vector and hardware resource
sharing technique are applied. The proposed hardware architecture can be implemented without degradation
of the gradient magnitude data quality since the proposed hardware is implemented with original algorithm.
The FPGA implementation result shows the 15% of logic elements and 38% embedded multiplier savings
compared with previous work using Altera Cyclone VI (EPACE115F29C7N) FPGA and Quartus II v15.0
environment.
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Fig. 1. The characteristic of projection vectors. (a)
When, | MX|>[MY|. (b) When, |MY]|>]|MX].
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Fig. 2. Hardware architecture of projection vector
calculator for diagonal direction. (a) Projection
vector calculator for 22.50 direction. (b) Projection
vector calculator for 67.50 direction.
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Fig. 3. Proposed hardware architecture.
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3. Main Idea
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4. Experimental Results
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Table 1. FPGA implementation

magnitude calculation hardware

result for gradient

Conventional | This work
Logic 181 153 (15% 1)
elements
Registers 28 28
Embedded
Multiplier 13 8(38%4)
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J8 4. Canny edge detection Z2}. (a) &= Lena O|0|X|. (b) Lena O|0|X|2| Canny edge detection Z=}.
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Fig. 4. Canny edge detection results. (a) Original Lena image. (b) Canny edge detection result of Lena image.
(c) Original Coins image. (d) Canny edge detection result of Coins image.
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