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a b s t r a c t

The YCbCr (luminance, chrominance-blue, and chrominance-red) color space is adopted in
video codecs or transmission, while the HSV (hue, saturation and value) color space is used
in some video analysis algorithms. In this paper, a fast algorithm based on fixed-point dig-
ital signal processors (DSPs) is proposed for YCbCr to HSV conversion. Floating-point mul-
tiplications are replaced with fixed-point shifts, 16-bit fixed-point multiplications, and
additions. To compensate for rounding error and convert floating-point multiplication into
16-bit fixed-point multiplication in the calculation, tables occupying 225 bytes and
256 bytes are established, respectively. According to the experimental results, the error
caused by the proposal is within the acceptable range. At the same time, the proposed algo-
rithm is about 10 times faster than traditional YCbCr to HSV conversion algorithm on a
fixed-point digital signal processor (DSP) platform and about 1.41 times faster on a per-
sonal computer (PC) platform.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

A color image can be represented by multiple color space models, such as RGB (red, green, and blue), YCbCr (luminance,
chrominance-blue, and chrominance-red) [1], and HSV (hue, saturation and value) [2,3]. RGB describes a color based on the
three primary colors and light system theory. YCbCr describes a color in accordance with the principles of brightness and
chromatic aberration. In YCbCr space, Y is the luminance component, Cr reflects the difference between the red component
and the illumination value of the input RGB signal, and Cb reflects the difference between the blue component and the illu-
mination value of the input RGB signal. In the HSV model, H, S, and V represent hue, saturation, and brightness, respectively.
The V-axis of the HSV model corresponds to the main diagonal of the RGB color space.

Since RGB representations are highly correlated, they are not well suited to independent coding. Therefore, compression
standards such as joint photographic experts group (JPEG), moving pictures experts group (MPEG), and H.264/AVC (AVC: ad-
vanced video codec) employ the YCbCr color space. At the same time, HSV is always used in video analysis; e.g., in fire or
flame detection [4,5], skin color detection [6], and image segmentation [7]. In some applications, video is decoded from a
bitstream directly, and the HSV color space is utilized for image or video analysis, so conversion from YCbCr to HSV is cer-
tainly necessary. Therefore, a fast conversion algorithm is helpful to reduce the computational complexity in such
applications.
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There exists no direct conversion from YCbCr to HSV, and RGB variables are needed as intermediates. There are several
different conversion standards in use. Without loss of generality, we focus on ITU-R Recommendation BT.601-5 [8] as well as
Refs. [2,3]. According to the standard [8], the relationship between RGB and YCbCr is
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The only difference between YCbCr and YUV (luminance and chrominance) is the direct component (DC) component of 128,
and the conversion matrix is the same, so we focus on YCbCr below. According to the standard [8], the range of each com-
ponent of YCbCr or RGB is that listed in Table 1.

According to Refs. [2,3], the formula for RGB to HSV conversion is

H ¼ 60 �
ðG� BÞ=delta; if R ¼maxðR; G; BÞ
2þ ðB� RÞ=delta; if G ¼maxðR; G; BÞ
4þ ðR� BÞ=delta; if B ¼maxðR; G; BÞ
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The rest of this paper is organized as follows. Section 2 gives a detailed introduction to related work. Section 3 proposes a fast
algorithm for YCbCr to HSV conversion. Section 4 presents experimental results based on a fixed-point DSP and a general-
purpose PC. Finally, Section 5 states the conclusions.

2. Related work

As far as we know, there is currently no fast algorithm for conversion from RGB to HSV. There are several conventional
methods for conversion from YCbCr to RGB, including hardware and software methods. Based on comparisons of those
methods, this study prescribes a way to find the most economical expression at given quantification error, which is more
appropriate for fixed-point DSPs.

2.1. Lookup table method

The lookup table (LUT) method is a highly efficient method, especially for embedded systems [9]. There are two kinds of
LUT methods for YCbCr to RGB conversion; i.e., one-check LUTs and two-check LUTs. For the 24-bit case, the one-check LUT
needs no calculation and simply checks the index table of 6 � 256 � 256 � 256 = 100663296 bytes long, which becomes
impractical for embedded systems. For the two-check LUT, there are two series corresponding to the upper and lower 4 bits
of YCbCr and RGB data, respectively, and there are six tables in each series, so the index table has only 2 � 6 � 16 �
16 � 16 = 49152 bytes. The 8-bit data are first broken into two sets of 4-bit data, the two index tables are then checked,
and the results are added to obtain the final result. Compared with a one-check LUT, a two-check LUT needs extra blocking,
shift, and addition operations, so a two-check LUT is relatively slow but occupies much less memory. The drawback of any
LUT is the great amount of memory occupied.

2.2. Shifting method

In our previous work [10], a fast algorithm for YCbCr to RGB conversion on the fixed-point DSP was presented. Within the
allowable range of error, the floating-point operations can be converted into fixed-point shift and addition operations, thus
the computation speed was improved dramatically. In this paper, we will further analyze the shifting method and its round-
ing error.

Table 1
Color spaces of YCbCr and RGB.

RGB YCbCr

R G B Y Cb Cr

Max 255 255 255 235 240 240
Min 0 0 0 16 16 16
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