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Abstract—Fundamental study on image feature descriptor for
robust object detection is one of the essential issues in computer
vision field. Local image features are effectively utilized for
classifying a target object and background so that they are
applied to face, human, vehicle detection systems. Many types
of feature descriptor have been proposed in these days. Co-
occurrence Histograms of Oriented Gradients (CoHOG) has been
proposed as effective feature descriptor for pedestrian detection.
This paper proposes an extended version of CoHOG (ECoHOG),
which incorporates edge magnitude accumulation and histogram
feature normalization. The effectiveness of the proposed feature
was proved on pedestrian detection performance test using
INRIA Person Dataset.

Index Terms—Local Feature Descriptor, Human Detection,
CoHOG, ECoHOG, Dimensional Compression.

I. I NTRODUCTION

The research about local feature descriptor is one of im-
portant topic for detection problem. Recently, local feature
descriptor is applied to localize the position of human, vehicle
and face and so on. Through the years, various local feature
descriptors are proposed and used for object detection. To
detect pedestrian, machine learning can be applied in computer
vision technique. In machine learning, positive and negative
images are prepared for creating classifiers. We must set a
feature descriptor to capture the feature from a human. Many
feature descriptors have been studied in computer vision and
machine learning community, and we can apply various of
feature descriptors, i.e. shape, texture, and color descriptor [1].

HOG (Histograms of Oriented Gradients) is the famous and
effective method as the previous work for object detection.
HOG can represent rough human shape from local patch in
image. Though there are many types of feature descriptor
about HOG, CoHOG (Co-occurrence Histograms of Oriented
Gradients) is the state-of-the-art method in object detection
[4]. CoHOG describes edge-pair from two different pixels,
i.e. head and shoulder in human detection.

In this paper, we propose the extended version of CoHOG
as Extended CoHOG (ECoHOG). We present improvements
of (i) edge magnitude accumulation to feature histogram (ii)
normalization of feature histogram (iii) feature compression
using Principal Component Analysis (PCA).

The rest of the paper is organized as follow. In Section 2,
we explain the related works about HOG and CoHOG. The

Fig. 1. Feature extraction of HOG

Fig. 2. Pair of edge orientation

description of ECoHOG is described in Section 3, and the
detection experiments are given in Section 4. Finally, Section
5 concludes the paper.

II. RELATED WORKS: HOG & COHOG

In this chapter, we explain about HOG and CoHOG feature,
based on the approarch to the proposed framework.

A. HOG

The HOG feature expresses that edge magnitude and ori-
entation accumulating edge information to feature histogram.
Feature extraction window is scanned in a image and divided



Fig. 3. Flow of CoHOG

to block and cell in order to acquire edge information (Fig-
ure.II). Therefore, the HOG feature can represent rough shape
of an object.

The process flow of the HOG feature is described here.
The feature is extracted scanning window in a image. In the
feature extraction window, a edge magnitude is captured and
accumulated to feature histogram. The equation of calculating
edge orientation and magnitude are given below:

m(x, y) =
√

fx(x, y)2 + fy(x, y)2 (1)

g(x, y) = tan−1 fy(x, y)
fx(x, y)

(2)

fx(x, y) = I(x + 1, y) − I(x − 1, y) (3)

fy(x, y) = I(x, y + 1) − I(x, y − 1) (4)

whereI(x, y) is the brightness a pixel,m(x, y) andg(x, y)
are edge magnitude and orientation. Generally, a block consist
of three× three cells. Edge orientation is divided 180 degree
into nine bins, therefore, 1 cell is given as nine dimension.
After the feature extraction step, histograms are set off with
normalization. The feature histogram takes care about bright-
ness changing with normalization. The normalization is shown
below:

h′ =
h√∑k

i=0 h2
i + ϵ

(5)

where h′ is the histogram after normalization,h gives
the histogram before normalization.k shows the number of
dimension, and we setϵ as 1.0.

B. CoHOG

The CoHOG feature is the feature descriptor that considers
a co-occurrence between two pixels and counts the number of
pixel pairs. In HOG feature description, an edge orientation
and magnitude is accumulated to feature histogram. On the
other hand, the CoHOG feature reduces a lot of over detection
describing pixel pair feature in the CoHOG feature descriptor,

Fig. 4. Orientation magnitude accumulation

for example, a pixel pair of head and shoulder is described
at the same time (FigureII). The CoHOG feature extracts
an edge pair scanning window in a image. Edge feature is
sampled to histogram from pixel pair. Edge orientation is
divided into eight direction, and pixel pair represents the
number of dimension is 64. Edge orientation is calculated
shown in below:

g(x, y) = tan−1 fy(x, y)
fx(x, y)

(6)

fx(x, y) = I(x + 1, y) − I(x − 1, y) (7)

fy(x, y) = I(x, y + 1) − I(x, y − 1) (8)

whereI(x, y) is the brightness,g(x, y) is edge orientaiton.
The process of the CoHOG is shown in Figure.II-B



III. T HE PROPOSEDFRAMEWORK : ECOHOG

We added the process of edge magnitude accumulation,
histogram normalization, and dimensional compression with
Principal Component Analysis (PCA). In this section, we ex-
plain the method for edge magnitude accumulation, histogram
normalization, and dimensional compression with PCA. The
ECoHOG, that is the improvement of feature descriptor is
described below:

A. Accumulating Edge Magnitude

Edge magnitude pair represents a detailed human shape. In
the proposed framework, we accumulate a sum of two pixel
edge magnitude. The sum of edge magnitude represents the
difference of two pixel edge magnitude. The sum of edge
magnitude represents the difference between pedestrians and
backgrounds representing total feature from an image. The
description of the ECoHOG is below:

m1(x1, y1) =
√

fx1(x1, y1)2 + fy1(x1, y1)2 (9)

m2(x2, y2) =
√

fx2(x2, y2)2 + fy2(x2, y2)2 (10)

Cx,y(i, j) =
n∑

p=1

m∑
q=1



m1(x1, y1) + m2(x2, y2)
(if d(p, q) = i and
d(p + x, q + y) = j)

0
(otherwise)

(11)

where m(x, y) is edge magnitude,C(i, j) shows the co-
occurrence value of each element, coordinate(p, q) is the
center of the window, coordinate(p+x, p+ y) is the position
of pixel pair. d(p, q) is the divided orientation representating
0-7.

B. Histogram Normalization

Brightness of a image is always changing depending on
light sources. Feature histogram should be normalized for a
robust detection under the various light situations. The range
of normalization is 64 dimensions, that is the co-occurrence
histogram. The equation of normalization is given below:

C
′

x,y(i, j) =
Cx,y(i, j)∑8

i′=1

∑8
j′=1 Cx,y(i′, j′)

(12)

C. Dimensional Compression with Principal Component
Analysis (PCA-ECoHOG)

PCA is the method for dimension compression. We believe
low dimensional feature is easy to divide positive and negative
class. The related work CoHOG needed about 35000 dimen-
sions for pedestrian detection [4], however, we propose a low-
dimension feature with PCA. In this method, we compressed
the feature dimension from 4600 to 100. The PCA comparison
experiment shows the effective number of dimension for
pedestrian detection.

Fig. 5. Positive images of INRIA Person Dataset

Fig. 6. Negative images of INRIA Person Dataset

IV. EXPERIMENT

In this section, we carried out the experiment one with
INRIA person dataset [5], and the experiment two to compare
the proposed and previous framework in real world dataset.

TABLE I
INRIA PERSONDATASET

Training data 2,415 positive images
12,180 negative images

Test data 1,132 positive images
453negative images

Image size Positive image : 64× 128 pixels
Negative image : 214× 320 -
648× 486 pixels

A. The Experiment for Feature Improvement [Experiment
One]

We applied INRIA person dataset [5] which includes pedes-
trian images and Detection Error Tradeoff (DET) curve for



(a) The comparison of four feature descriptors applying Detection Error
Tradeoff (DET) curve : ECoHOG, CoHOG, CPF, HOG

(b) Two proposed methods

(c) PCA-ECoHOG

Fig. 7. Detection Error Tradeoff (DET) curve

the valification. The positive and negative images are shown
in Figure.5 and Figure.INRIAnegative. Table.1 gives the detail
of the INRIA person dataset. The number of pixel for feature
extraction is 18 pixels, the dimensions of ECoHOG is 4608,
the PCA-ECoHOG compresses from 4608 to 100 dimensions.

At first, we compare the proposed and previous frame-
works Figure.7(a). Figure.7(b) shows the comparison with
PCA-ECoHOG and ECoHOG and Table.2 gives the process
time in each frame. And Figure.7(c) shows the relationship
between dimension and detection rate. The vertical axis of
DET curve is miss rate, and the horizontal axis is false positive
rate, therefore, bottom-left of the DET curve shows higher
performance.

TABLE II
PROCESSING TIME OF FEATURE DESCRIPTORS(ECOHOG,

PCA-ECOHOG)

Edge-based feature descriptorProdessing time
ECoHOG 11.2 msec
PCA-ECoHOG 12.9 msec

The Figure.7(a) shows the proposed framework is the
highest value, ECoHOG accumulates edge magnitude and
normalize an image. The effectiveness is much higher than
CoHOG.

In the comparison of ECoHOG and PCA-ECoHOG (Fig-
ure.7(b)), PCA-ECoHOG shows the best method for pedestrian
detection. It is easy to divide two class in feature space because
of PCA-ECoHOG compresses the number of dimensions 4608
to 100 dimensions. Table.2 shows the processing time of
ECoHOG and PCA-ECoHOG in each frame. Both methods
realized fast processing on INRIA person dataset.

Figure.7(c) shows the relationship between dimension and
detection rate. The dimension is compressed 5 - 200 and shown
in the figure. This experiment shows the 100 dimension is
the best number. Five dimension is few information and 200
dimension becomes large feature space.

B. Pedestrian Detection in Real Scene [Experiment Two]

We show the results of three feature detection. Figure.8
shows the detection result in vehicle scene, and Figure.9 gives
the detection result indoor scene. We applied the three features,
CoHOG (4608 dimension), ECoHOG (4608 dimension), and
PCA-ECoHOG (100 dimensions). We used dark images in
vehicle scene and blurred images indoor scene.

There are some miss and over detections by using Co-
HOG feature. The CoHOG feature detects different object
if a similar object to pedestrian appears in background. The
ECoHOG feature deals with the miss detection problem nor-
malizing histogram. The ECoHOG feature improves accuracy
extracting human’s edge magnitude under the situation where
light changing and blurred images. From this results, nor-
malization is effective method to light changing. Moreover,
dimensional expression allows us to divide two class easily
in PCA-ECoHOG feature descriptor. PCA-ECoHOG is robust
framework under the complicated situations.



(a)CoHOG

(b)ECoHOG

(c)PCA-ECoHOG

Fig. 8. Detection result from vehicle camera image

V. CONCLUSION AND FUTURE WORKS

In this paper, we proposed state-of-the-art detection method,
PCA-ECoHOG improved from CoHOG. And we showed
the effectiveness with INRIA person dataset and real-world
dataset. In PCA-ECoHOG, we applied edge magnitude accu-
mulation, normalization, and PCA dimensional compression.

In the future, we solve the multi-class classification prob-
lem, not only two class classification. Multi-class classification
is important to apply general object categorization and activity
recognition.

(a)CoHOG

(b)ECoHOG

(b)PCA-ECoHOG

Fig. 9. Detection result under indoor situation
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