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Abstract
Edge detection has been a popular practice in image processing and computer vision
applications. Many image processing applications require the discovery of edge details in the
gray or color images as a beginning stage of an image processing, vision and understanding.
Generally, edge detection on grayscale images is not affluent enough to explain intensity
changes. Therefore, we can use color edge information as an important method. Because the
result is different when input images are color images or not (grayscale images). The main
purpose of the proposed edge detection is to discern significant parts from the normal
features in a given image. We assume that intensity varies rapidly in a significant part. There
are many color spaces such as RGB, YIQ, and HSV (Hue, Saturation, and Value). In this
paper, we conducted edge detection on each color spaces and compared the results.
Simulation results show that the HSV color space gives the best detection performance.
Keywords: edge detection, HSV color space, image understanding, color conversion

1. Introduction
The edges are known as surprising intensity variation in the gray or color levels in an
image. The edge detection is to detect edges in an image which is a significant tool which
makes a binary image from the original one by extracting informative object boundaries. Thus,
the edge detection is a crucial topic in image processing, understanding and computer vision.
After the edge detection, the information of an image to be operated is intensely reduced
because the image contains only object boundaries. The edge detection classifies an image
into object and background. The performance of edge detection is favorably contingent upon
noise, presence of similar intensity objects, lighting, and density of edges in the scene [1-3].
The grayscale of a pixel is normally provided as one intensity value, while the color of a
pixel is given as three intensity values pointing out the tri-stimuli of red (R), green (G) and
blue (B). It is known that edge detection on grayscale images is not fully enough to describe
intensity changes. Therefore, color edge information can be considered to support the
shortage of result of grayscale images. There have been many approached in literature [4-6].
It is known that various edge detectors operate better under certain conditions. Therefore,
applying multiple edge detectors in a multi color channels give better results. We tested Sobel
edge detector on different color channels.
In this paper, we use Sobel mask on different color spaces and compare the results with
other results from color spaces. Again, the edge detection is an important tool in image
processing [7-23]. We used three color spaces: RGB, YIQ and HSV, where RGB stands for
red, green and blue, YIQ means color space designed for the NTSC color TV system, and
HSV is hue, saturation, and value, respectively. The Sobel mask is used in sub-channel of
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each color spaces, and eventually the most appropriate color space for edge detection is used.
This paper is organized as follows. Section 2 explains the color space comparison between
RGB, YIQ, and HSV. The Sobel mask is described in Section 3, and the simulation results
and its subjective performance comparison are depicted in Section 4. The conclusions are
made in Section 5.

2. Color Channels for Edge Detection
In general, a color is denoted by RGB intensities. The RGB color space is converted into
YIQ or HSV color spaces. It is known that the hue component or HSV color space is
indicated as the fraction around the ring beginning from red color, [1 0 0]. Similarly, each
color channel has different hue value. Table 1 shows color-hue comparison.
Table 1. Color-hue comparison
Color
Hue

Red
0

Yellow
0.1667

Green
0.3333

Cyan
0.5

Blue
0.6667

Magenta
0.8333

We are given three R, G, B intensity values. These values are ranging from 0 to 1 or 0 to
255. If these values are bigger than 1, then we can divide them by 255. Then, we obtain
maxRGB, Δ, and S as follows:

max RGB  max  R, G, B

  max RGB  min  R, G, B

S
max RGB

(1)

Then, the hue values can be found as
If R = maxRGB, then H  1  G  B 
6  
Else if G = maxRGB, then H  1  2  B  R 
6


(2)



1
R

G

Else if B = maxRGB, then H   4 

6
 

Here is an example. If (R,G,B) is (0.4,0.6,0.8), then we have

max RGB  max 0.4, 0.6, 0.8  0.8
  max RGB  min  R, G, B  0.8  0.4  0.4

0.4
S

 0.5
max RGB 0.8

(3)

Here, we found maxRGB = B, therefore H is obtained as

1
0.4  0.6 
H  4
  0.5833
6
0.4 

(4)

The converting process from HSV to RGB is opposite process.
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As mentioned before, the YIQ color space is used for TV and video in America, Canada,
Japan and Korea. These countries normally use NTSC (National Television System
Committee). The YIQ uses one luminance channel, Y, and three color channels I and Q. The Y
contains intensity or luminance, and I and Q contain color information. The conversion
equation is quite simple to implement. M is the matrix conversion kernel.

0.299 0.587 0.114 
M  0.596 0.274 0.321
 0.211 0.523 0.311 

(5)

Then, the forward conversion (RGB to YIQ) and the inverse conversion are conducted as Eqs.
(6) and (7).

Y 
R
 I   M G  .
 
 
Q 
 B 
R
Y 
G   M 1  I  .
 
 
 B 
Q 

(6)

(7)

3. Existing Edge Detection Algorithm
Edges contain some important information in an image. We can use edges to measure the
size of object in an image. There are large number of edge detection and finding algorithms.
The aim of this study is to aid the selection of appropriate operator that is able to detect edge
boundaries based on intensity discontinuities. For example, Prewitt filter uses

 1 0 1
Px   1 0 1 and Py  PxT .
 1 0 1

(8)

And the gradient f at coordinates (x,y) is defined as

| f ( x, y) | ( x f ( x, y)) 2  ( y f ( x, y)) 2 .

(9)

The Prewitt filter extracts edges utilizing the Prewitt estimate to the derivative. It replies
edges at those pixels where the image gradient is the biggest. The results of implementing
Prewitt filter is shown in Figure 1(c).
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The Roberts cross-gradient filter uses approximation shown in Eq. (10).

1 0 0 
 0 1 0
R1  0 1  and R2   1 0  .
0 0 0 
 0 0 0 

(10)

Roberts filter extracts pixels utilizing Roberts estimate to the derivative. It replies edges at
those pixels where the gradient of the image is the biggest. The results of implementing
Roberts filter is shown in Figure 1(d). Finally, the Sobel filters use

 1 0 1
S x   2 0 2  and S y  S xT .
 1 0 1

(11)

The Sobel filter extracts pixels using the Sobel estimate to the derivative. It replies edges at
those pixels where the gradient of the image is the biggest. The results of implementing
Roberts filter is shown in Figure 1(e).

(a)

(c)

(b)

(d)

(e)

Figure 1. Example of detected edges: (a) McM image #1, (b) grayscale image of
(a), (c) Prewitt filters, (d) Roberts filters, and (e) Sobel filters
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4. Simulation Results
To evaluate the accuracy of the described three edge detection methods, some simulations
have been carried out on four LC images #46-#49 as shown in Figure 1. These images can be
downloaded [24]. The original images have been cropped by 256×256 images. The test
images are shown in Figure 2, and the result images are shown in Figures 3-4. For RGB color
space case, images in Figure 4 shows the detected edges which come from red (R channel),
green (G channel), and blue (B channel). For YIQ color space case, red, green, and blue edges
come from Y, I, and Q channels, respectively. For HSV color space case, red, green, and blue
edges come from H, S, and V channels, respectively. To obtain grayscale image, all color
images were converted to grayscale using a function of Matlab (rgb2gray).

Figure 2. Test LC images #46-#49 images
The first feature that we can notice on result images is that all three methods give
satisfactory results. However, edges from Prewitt and Roberts are often disconnected and
spotty. Sometimes it was hard to trace disconnected points in a line, which is not
recommended for suitable method.
In order to test better color image edge detection, we analyzed the existing edge detectors
with three color spaces, RGB, YIQ, and HSV. To obtain edges from HSV color space, color
image characteristics is considered, and the space is separated by hue, saturation and value
information. After the Sobel mask applied we could obtain Figures 3 and 4. As we can see,
Sobel mask on HSV color space gives the pleasant and distinct edges. Also, HSV color space
provides more real edges with better continuity.
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(a)

(b)

(c)

Figure 3. Obtained edges by different edge detection methods on LC #46-#49
images: (a) RGB color space, (b) YIQ color space, and (c) HSV color space
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(a)

(b)

(c)

Figure 4. Obtained edges by different edge detection methods on LC #46-#49
images: (a) RGB color space, (b) YIQ color space, and (c) HSV color space
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5. Conclusions
Edge detection algorithm is one of main image processing tools. In this paper, we
considered three well known color spaces: RGB, YIQ, and HSV. We applied Sobel method
on above three color spaces and evaluated the performance From the experimental results
section, it was noticed that the results from HSV color space is better than the others.
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