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Abstract

This paper presents a low-area and low-power circuit implementation of high-precision color
space conversion from RGB to YCbCr. Firstly, an efficient circuit implementation combining com-
mon-subexpression-elimination (CSE) with reduced-adder-graph (RAG) is presented. Secondly, a
compensation method is proposed to enhance the precision. Finally, the synthesized results of a
TSMC 0.18 um standard cell library are given. By using the proposed circuit implementation of
color space conversion from RGB to YCbCr combining CSE and RAG without compensation, the re-
sults show that the area and power are reduced by about 20% than the traditional Canonic Signed
Digital (CSD) method. With the compensation algorithm, the precision is much higher.
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Figure 1. Relationship between MSE and n
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Figure 2. CSD coding and common sub expressions of coefficients
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Table 1. Realization of coefficients based on RAG-05 algorithm
# 1. BT RAG-05 EER R

Y’,CB’,CR’ R,G,B C1,Cc2,Cc3
Y’ =1152C1 + 36C2 + 64C3 + 530B 16R = R<<4
2048R = R<<11 5C1=C1+Cl<<2
3G=G+G<<1 9C1=C1l+Cl<<3
CB’ =2048B — 676C1 — 16R — 3G 2036G = G<<11 — (3G)<<2 676C1 = (9C1)<<2 + (5C1)<<7
9B =B + B<<3 36C2 = C2<<2 + C2<<5
11B = 9B + B<<1 64C3 = C3<<6

2048B = B<<11 320C3 = C3<<8 + C3<<6
530B = B<<9 + (9B)<<1

CR’ = 2048R — 2036G + 320C3 — 11B
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Figure 3. Original color space conversion MSE and MSE
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Figure 4. Flow chart of color space conversion from RGB with compensation to
YCbCr
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Table 2. The traditional method and the proposed algorithm circuit to achieve the required number of adder
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Figure 5. The comprehensive results of the area and power consumption of binary coding, CSD, RAG, CSE, and the proposed
algorithm
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Figure 6. The area and power consumption of the proposed algorithm with CSD coding and without compensation
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Table 3. Results with/without compensation
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PIlINFRE A G 22 26 (16+10)
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