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Abstract—Conventional object detection methods often use
local features based on object shape, of which the HOG feature
is typical. In recent years, Color Self-Similarity (CSS) has been
proposed as a local feature that uses color information. CSS
involves computing color similarity as a basis for deciding the
sameness of objects, and thus represent a feature that is effective
for object detection. It has also been reported that detection
performance can be improved by using the CSS feature together
with the HOG feature or other shape-based feature. We propose a
Color Similarity-based HOG (CS-HOG) feature that is based on
color similarity for object detecting shapes. The CS-HOG feature
enables clarification of the object shape by using color similarity
to calculate the degree of object sameness, thus achieving highly-
accurate object detection. Evaluation experiments show that the
CS-HOG feature improves performance from 22.5% and 27.2%
compared to the HOG feature and the CSS feature, and by 4.2%
compared to the HOG feature and the CSS feature used together.

I. INTRODUCTION

Object detection is expected to find applications in many

fields, including Intelligent Transport Systems that use vehicle-

mounted cameras and in the security and marketing fields

using surveillance cameras. Many object detection methods

extract local features from training samples and use statistical

training methods to construct classifier[1]～[6]. To achieve

highly-accurate object detection, it is important to design

local features that are captured the features of the object.

Many conventional methods use gradients of brightness to

understand object shapegroundid for designing local features

that represent the features of objects. Such methods include

Histograms of Oriented Gradients (HOG)[7], Edge Orientation

Histograms (EOH)[8], and Edgelets[9]. Of those, the HOG

feature uses the cumulative gradient magnitude in the gradient

direction in a local region normalized in the local region, so

it is robust to changes in illumination and geometry.

Because features that yield shape information are based

on image brightness gradients, color information is not used.

in area of object detection, color information is not useful,

because the pixel colors are vary by human clothing or vehicle

bodies. On the other hand, in areas of object tracking[10][11],

person re-identificaton[12][13], Keypoint tracking[15][16] and

image recognition[14] color image is effective information.

because, the color image includes three times the infor-

mation that the grayscale image contains. Therefore, one

proposed feature that does use color information as a local

feature is Color Self-Similarity (CSS)[17], Integral Channel

Features[18], which confirms that color information can be

effective in object detection. The CSS feature captures color

similarity from the color histograms of two local regions as a

measure of whether the objects seem to be the same or seem

to be different. It thus represents an effective feature for object

detection and is therefore an important key to designing local

features that effectively represent object features.

We propose here the Color Similarity-based HOG (CS-

HOG) as a local feature that effectively represents object

features. CS-HOG feature uses color information to clearly

capture object shape on the basis of color similarity, which

is used to calculate a value that indicates object sameness.

For example, when using HOG features to determine shape,

processing is done to prevent the reversal of the gradient due

to the light-dark relationship between the object region and the

background region. With the CS-HOG feature, however, the

shapes of the object and background can be obtained on the

basis of color similarity, and a shape that represents the object

region can be obtained. It is thus possible to obtain gradients

that are consistent with the target object. By focusing on the

relationship between the local regions for calculating the color

similarity and the local region for calculating the shape, it is

possible to suppress errors in detection due to shapes that are

similar to the target object. In this way, the CS-HOG feature

can flexibly capture the shape of the target object and enable

diverse feature representation to realize highly accurate object

detection.

II. CONVENTIONAL METHOD

The general approach to object detection is to extract local

features from a training sample and use them to train a

recognizer. The HOG feature was proposed as a local feature

for capturing object shape by Dalal et.al.[7] In conventional

object detection methods, HOG features are a typical local

feature for capturing object shape from grayscale images, and

are the most often used. A different approach is the CSS

feature proposed by Walk et.al.[17] which uses the color

information in color images as a local feature. CSS features

focus on color similarity as an effective feature representation

for object detection. In this section, we describe the HOG

shape feature and the CSS color similarity feature, which are

local features that are closely related to our proposed CS-HOG

feature.
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A. Shape features : HOG

Histogram of Oriented Gradients (HOG) features[7] are

histograms of oriented gradients that are created for each local

region (cell) in a grayscale input image. Each histogram is

normalized to the cell, and the feature is also normalized to

multiple-cell block regions, making the feature robust against

changes in lighting and geometry.

In the calculations, the input image is first normalized

to a pre-defined size, and the gradient magnitude of pixel

luminance and the gradient orientation are calculated. The

calculated gradient orientation, is an angle from 0◦ to 360◦, but

180◦ is subtracted from calculated values greater than 360◦,

so the result is an angle value from 0◦ to 180◦. In this way,

we can obtain gradient orientations that are independent of the

light-dark relationship of the luminance of the target and the

background. Next, we use the calculated gradient magnitude m

and gradient orientation to construct a histogram of oriented

gradients for cell (M × M pixels). Creating histograms for

each cell in this way yields a feature that is robust to minute

geometrical changes within the local region. Finally, we use

normalize the histogram of oriented gradients for each cell c
for each (K × Kcell) block region.

B. Color similarity features : CSS

The Color Self-Similarity (CSS) feature[17] is a measure

of the similarity of the color histograms of two cell regions .

This feature captures the sameness or non-sameness with the

detection target by measuring the color similarity of two local

regions. The use of color similarity as a feature provides the

advantage of independence of the color of detection target.

The computational procedure involves normalization of the

input image to a pre-defined size and partitioning the image

into cells, c, of M × M pixels. Then, color histograms for

the cells represented in the HSV color system {H : hue,

S : saturation, V : brightness} are created. Using the color

histograms created from the two cells , the color similarity

between the two cells. Calculation of the distance between his-

tograms generally involves taking the intersection of histogram

and the Bhattacharyya distance. Our preliminary experiments

showed that the Euclidian distance was the most effective

(as also reported in[17]), so we adopted that measure in our

similarity calculations.

C. Comparison of HOG features and CSS features

Here we compare the feature representation characteristics

of HOG features and CSS features. Visualizations of the

HOG and CSS features are compared in Fig. 1. The HOG

feature represents object shape with gradients obtained from

brightness values within a local region. However, as shown

for the detection target in Fig. 1, the brightness of the object

and background is sometimes similar in the grayscale image

of a subject, but less so in color image of the same scene. The

shape of the detection target cannot be clearly captured when

calculating the HOG features from such images, but the CSS

feature expresses the color similarity between local regions

and can therefore use the additional information provided

Fig. 1. Comparison of HOG features and CSS features

by color images to distinguish object and background. Thus,

HOG features can capture object shape locally, but there is

a problem with dependence on brightness information. The

non-detection region example of Fig. 1 presents an example of

when objects that are not the detection target are in the image.

In that case, the CSS feature cannot represent the shape of the

object in detail, so there may be errors in detection that result

from capturing features that are similar to the detection target.

Thus, CSS features can distinguish object and background

regions by using color image information, but there is the

problem of inability to represent object features in detail. We

therefore combined these characteristics of HOG features and

CSS features to design a local feature that has the advantages

of both. In the following sections, we explain that feature,

which we call the CS-HOG feature.

III. SHAPE FEATURES BASED ON COLOR SIMILARITY :

CS-HOG

We designed the Color Similarity-based HOG (CS- HOG)

feature to capture shape by using color similarity to measure

object sameness, thus clearly representing shape by a boundary

between object and background. Because it can effectively

represent object features when compared to HOG features,

highly accurate object detection is expected. The process of

calculating the CS-HOG feature involves first calculating the

color similarity between local regions and pixels from the

input image and then using the color similarity to calculate

the shape feature (Fig. 2) . The following sections explain the

computational method in detail.

A. Calculation of color similarity between local regions and
pixels

The procedure for calculating the CS-HOG features begins

with normalizing the input image to a pre-defined size and

calculating the color similarity for local regions (cells) and

pixels. As shown in Fig. 3, Eq. (1) is used to calculate the

typical color value for the cell of interest c′, I(c′, r), from the
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Fig. 2. Calculation of the CS-HOG feature

Fig. 3. Calculation of the color similarity between local regions and pixels

color of each pixel in c′(M×Mpixels) represented in the RGB

color system {R: red, G : green, B : blue} as Ic′(x, y,R)，
Ic′(x, y,G)，Ic′(x, y, B).

I(c′, r) =
1

M × M

M∑
x

M∑
y

Ic′(x, y, r) (1)

Here, r represents the elements of the RGB color system

(r=R, G,B). The typical value I(c′, r) for cell of interest c′

and the color of each pixel I(x, y, r) are used to calculate the

similarity s(x, y, c′) based on the Euclidian distance of Eq. (2)

in the same way as for the CSS feature.

s(x, y, c′) =

√√√√ ∑
r∈{R,G,B}

(I(c′, r) − I(x, y, r))2 (2)

The similarity s(x, y, c′) is obtained for each cell of interest,

c′. For a 64 by 128 pixel input image, the number of cells

of interest is (64/M) × (128/M). Thus, when M = 8, 128

patterns of similarity are obtained for each pixel (referred to

here as the similarity image for the cell of interest c′). An

example of a similarity image created from a detection object

image is shown in Fig. 4(a). As we can see in that figure, the

color similarity can represent the quality of region sameness in

the same way as does the CSS feature when the cell of interest

c′ is selected in the object region (cell 45). Furthermore, the

image confirms that the similarity with the object region is low

when the cell of interest is in the background region (cell 89).

As we can see from the average similarity image created from

2,416 detection target training images shown in Fig. 4(b), the

same object region similarity is high for the entire detection

target and low for the non-object region. The CS-HOG feature

Fig. 4. Visualization of similarity images

uses these similarity image features as a basis for detecting

object shape.

B. Using the HSV color system

The HSV color system has been reported as the most

effective for use in calculating the color similarity[17]. The

CSS feature calculates distance in the HSV color system

by quantizing each element and creating histograms. In the

calculation of color similarity between local regions and pixels

for the CS-HOG feature, however, the HSV color system

cannot be used to obtain the similarity values by the method

described above. The HSV color system comprises the ele-

ments H (hue), S (saturation), and V (brightness) , for which

the coordinate system origins differ greatly, unlike in the RGB

color system. For that reason, each element the distance cannot

be calculated using each HSV element. To enable distance

calculation using the HSV color system, we convert from each

element{H,S, V } to a common coordinate system {u, t, V }
with Eq. (3). {

u = S × cos H
t = S × sinH
V = V

(3)

In this way, we can represent the HSV values in a single

coordinate system in the same way as using the RGB color

system. The CS-HOG feature first converts the HSV color

system to coordinate system {u, t, V } and then performs the
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Fig. 5. Color Similarity-based HOG

distance calculation to obtain the color similarity values.

C. Using color similarity to calculate shape features

The CS-HOG feature uses similarity images constructed

from color similarity between local regions and pixels to ob-

tain shape features (Fig. 5). The shape features are histograms

of pixel gradients created for each cell c using similarity

images for each cell of interest c′ in the same way as for the

HOG features. The computational procedure begins with using

the similarity s(x, y, c′) calculated from the cell of interest c′

to calculate the gradient magnitude m and gradient orientation

θ for each pixel by using Eqs. (4) through (6).

m(x, y, c′) =
√

sx(x, y, c′)2 + sy(x, y, c′)2 (4)

θ(x, y, c′) = tan−1 sx(x, y, c′)
sy(x, y, c′)

(5)

{
sx(x, y, c′) = s(x + 1, y, c′) − s(x − 1, y, c′)
sy(x, y, c′) = s(x, y + 1, c′) − s(x, y,−1, c′) (6)

To prevent the reversal of the gradient orientation θ′ due

to light-dark relationship of the brightness values, 180◦ is

subtracted from gradient orientation θ when the value of θ
exceeds 180◦ in calculating the HOG feature. In the proposed

CS-HOG feature, the object-sameness of the cell of interest c′

is represented by color similarity, so it is possible to use the

entire range of gradient orientations θ from 0◦ to 360◦. Next,

the gradient magnitude m and gradient orientation θ calculated

from the similarity image of the cell of interest c′ and Eq.

(7) are used to create the histograms of oriented gradients

Vc(c′)={vc(1, c′), vc(2, c′), ...vc(N, c′)} for cell c (M × M
pixels).

vc(f(θ), c′) =
M∑
x

M∑
y

m(x, y, c′)δ[θ, f(θ)] (7)

Here, f(θ′) represents the gradient orientation θ′ quantized

in the N orientation. In the CS-HOG feature, a histogram of

oriented gradients Vc(c′) is created for each cell of interest c′,
so for a 64 by 128 pixel input image with M = 8, 128 patterns

of histograms of oriented gradients Vc(c′) are created for one

cell c. Finally, Eq. (8) is used to normalize the histograms of

oriented gradients Vc(c′) for each cell of interest c′ and for

each K×K cell block region in the same way as for the HOG

Fig. 6. Comparison of HOG features and CS-HOG features

feature.

vc(n, c′) =
vc(n, c′)√√√√ b∑

k=1

vc(k, c′)2 + ε

(ε = 1) (8)

Here, b is the number of gradient orientations in a block

(K×K×N ). The normalized histograms of oriented gradients

Vc(c′) are then Vc(c′)={vc(1, c′),
vc(2, c′), ...vc(b, c′)}. The CS-HOG feature quantities are the

values for the various quantization numbers obtained in the

processing that uses Eqs. (4) to (8) to create the histograms of

oriented gradients Vc(c′) from the similarity images created

from all of the cells of interest c′. Because the CS-HOG feature

results from similarity images created for 128 patterns of cells

of interest and 105 rounds of normalization for a 64 by 128

pixel input image with M = 8，K = 2，N = 18, the feature

has 128 × 2 × 2 × 18 × 105 = 967, 680 dimensions.

D. Comparison of HOG and CS-HOG

Here, we compare the feature representation characteristics

of HOG features and CS-HOG features. Visualizations of

HOG features and CS-HOG features are presented in Fig. 6(a).

As we see from the two detection targets in the figure, the

HOG features are limited to gradient orientations in the range

from 0◦ to 180◦ to prevent reversal of the gradient orientation

due to the light-dark relationship of brightness values of the

object and background regions. As we can confirm from the

histograms of oriented gradients (the histograms in the figure),

the limit on gradient orientation makes it possible to capture

features consistent with the detection target. On the other

hand, the CS-HOG features use color similarity to represent

object-sameness, so there is no need to limit the gradient

orientation and all gradient orientations can be represented.
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Fig. 7. Comparison of classification

Fig. 8. Examples from the INRIA Person Dataset

Thus, feature representation is more diverse than with the

HOG feature, and flexible capture of object shape should be

possible. The non-detection target region in Fig. 6(b) is shown

with a shape detection target artificially superimposed on the

background. In that case, the HOG feature captures the similar

shape because only local-region shape is detected, as we can

see from the histogram of oriented gradients. That raises the

possibility of misdetection on the basis of shape. The CS-

HOG feature, however, uses local regions selected as cells of

interest and captures the object region on the basis of an object

sameness measure, which has the result of suppressing such

effects. By obtaining shape features based on color similarity

in this way, the CS-HOG feature is able to capture object shape

flexibly with diverse feature representation and can therefore

be expected to achieve highly accurate object detection.

IV. EVALUATION EXPERIMENTS

To test the effectiveness of the CS-HOG in representing

features, we conducted experiments to evaluate the detection

of humans in images.

A. Data set
We used the INRIA Person Dataset[7], a data set in

which the object regions have been determined in advance

and which is widely-used as a benchmark for detection of

humans. Examples from the INRIA Person Dataset for the

detection target (positive samples) and non-detection target

(negative samples) are shown in Fig. 8. The training sample

contained 2,416 positive samples and 13,161 negative samples.

The evaluation sample contained 1,126 positive samples. The

negative samples were comprehensively raster-scanned from

453 background images. The images in both the training

sample and the evaluation sample were normalized to a size

of 64 by 128 pixels.

B. Overview of the experiments
To demonstrate the effectiveness of the CS-HOG feature,

we compared the discrimination accuracy using the following

local features.

• HOG feature (HOG)

• CSS feature (CSS)

• Both HOG features and CSS features (HOG +CSS)

• CS-HOG feature : RGB color system (CS-HOG: RGB)

• CS-HOG feature : HSV color system (CS-HOG: HSV)

The CS-HOG feature can use either the RGB color system

or the HSV color system to obtain color similarity values.

The HOG feature plus CSS feature case uses a recognizer

that was trained with both feature dimensions simultaneously.

The feature parameters are cell size M = 8 pixels, block size

K = 2 cells, and the quantization numbers N = 18. The

method used to compare with the CS-HOG feature was to

train a recognizer with Real AdaBoost[20]. In addition, the

evaluation experiments were conducted with 500 rounds of

Real AdaBoost training of a weak recognizer. The Detection

Error Trade-off (DET) curve was used for the evaluation. The

DET curve is plotted with the detection error rate on the

horizontal axis and the detection failure rate on the vertical

axis; values closer to the origin represent higher accuracy.

C. Experimental results
The DET curves for the results of the experiments (Fig. 7(a))

show that the recognition accuracy is improved by from 5.7%
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Fig. 9. Example for human detection

and 8.1% for CS-HOG:RGB compared to HOG and CSS for a

detection error rate of 0.05% Comparing CS-HOG:HSV with

HOG and CSS, the improvement is from 22.5 to 27.2 and with

CS-HOG:RGB the improvement is 16.8%. These results con-

firm that the CS-HOG feature that uses the HSV color system

to calculate the similarity values is an effective representation.

Furthermore, CS-HOG:HSV improved recognition accuracy

by 4.2% compared to HOG+CSS. These results show that

color similarity and shape features work effectively together

as a single feature. We checked how the output values of the

recognizer varied for the CS-HOG feature the HOG feature,

and the CSS feature. The distributions of the recognizer output

values for the evaluation sample are shown in Fig. 7(b), where

the horizontal axes are the recognizer output for the CS-HOG

feature and the respective vertical axes are the output values

for the HOG feature and the CSS feature. The diagonal line

represents equal outputs. We can see that the CS-HOG feature

output is higher than the output for the HOG feature and the

CSS feature for from 86.7% and 88.1% of the positive samples

and lower for from 67.2% and 86.7% of the negative samples.

These results confirm that the CS-HOG feature output tends

to be more correct than the output for the HOG feature or

the CSS feature for all of the samples. Accordingly, the CS-

HOG feature detects shape on the basis of color similarity

and achieves highly accurate object detection by effectively

capturing the features of the object, as we can also see from

the human detection example of Fig. 9.

V. CONCLUSION

We have proposed the CS-HOG feature, which uses a

measure of color similarity to detect shape. This feature can

capture shape with more flexibility than the HOG feature by

calculating shape on the basis of the color similarity infor-

mation in color images. In future work, we will investigate

the effectiveness of the CS-HOG feature for detection of

automobiles and people.
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