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Abstract: In Japan, the percentage of pedestrian deaths in traffi c accidents is 
on the rise. In recent years, there have been calls for measures to be introduced 
to protect such vulnerable road users as pedestrians and cyclists. In this study, 
a method to detect pedestrians using an in-vehicle camera is presented. We 
improved the technology in detecting pedestrians with highly accurate images 
using a monocular camera. We were able to predict pedestrians’ activities by 
monitoring them, and we developed an algorithm to recognise pedestrians and 
their movements more accurately. The effectiveness of the algorithm was tested 
using images taken on real roads. For the feature descriptor, we found that an 
Extended Co-occurrence Histogram of Oriented Gradients (ECoHOG) multiple-
step method, accumulating the integration of gradient intensities, was the best in 
decreasing both the undetectable and the excessive detectable ratio. Thus, the use 
of the new method by images captured on the real road was validated.
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1 Introduction

Since 1970, when the fi gure stood at 16,765, the number of pedestrian deaths in traffi c 
accidents has been decreasing in Japan. The number of pedestrian deaths was 4863 in 2010. 
Over the next decade, the number is more likely to decrease still further. However, the 
percentage of pedestrian deaths among all deaths in traffi c accidents is increasing (Figure 1) 
(ITARDA, 2011). The Japanese government estimates that the annual number of pedestrian 
deaths will be under 2500 by 2018. In an effort to reduce pedestrian deaths, investigations 
are being made in the area of a pedestrian Intelligent Transport System (ITS).

Figure 1 The percentage of pedestrian deaths and other traffi c deaths (1959–2009)

Along these lines, we are currently developing a pedestrian active safety (collision 
avoidance) system, which is able to detect pedestrians by means of an in-vehicle sensor 
and employ automatic braking. And, we can expect much of this system. The use of in-
vehicle cameras is effi cient in detecting obstacles, and many studies have been devoted to 
pedestrian detection by means of cameras. Recently, object detection using stereo cameras 
has been investigated (Ninomiya and Ohta, 1997; Keiji, 2011; Takeuchi and Maruya, 
2009; Hattori et al., 2009; Seki et al., 2010). However, because of the high costs of stereo 
technology, a monocular camera technique is preferable. The use of monocular cameras 
as driving recorders is on the rise and they are frequently used as such by taxis in Tokyo. 
Accordingly, we devoted our efforts to developing a pedestrian active safety technique 
using a monocular camera.

In this paper, we present our fi ndings related to high-speed, highly accurate pedestrian 
detection using a monocular camera in the form of a pedestrian-detection experiment. 
We believe it is possible to decrease traffi c pedestrian deaths by means of a monocular 
camera algorithm. Figure 2 illustrates the pedestrian active safety system using a monocular 
camera. An in-vehicle video is made using a camera attached to the rear-view mirror. The 
system detects any pedestrians that appear in the vehicle’s path. After detection, the system 
sends a warning signal to the driver warning or it automatically engages the brake.

IJVS 6(1) 04 Kataoka et al. (3).ed.indd   2IJVS 6(1) 04 Kataoka et al. (3).ed.indd   2 1/30/2012   4:27:42 PM1/30/2012   4:27:42 PM



Symmetrical judgement area reduction and ECoHOG feature 3

Figure 2 The sequence of events in the pedestrian active safety system (see online version 
for colours)

A signal is emitted by the vehicle to warn the pedestrian. The system is able to judge the 
situation and the human reaction, and if it determines that there is the possibility of collision 
it engages the brake after warning the driver. By avoiding collisions, the system is able to 
reduce the incidence of traffi c accidents. Owing to the recent increase in the use of monocular 
in-vehicle cameras, it is necessary that such cameras be used to detect pedestrians.

2 The newly proposed method

Figure 3 shows the sequence of events in our proposed method. A video is made of the area 
in front of the vehicle by means of the in-vehicle camera. Symmetry is judged from the left 
and right images of the pedestrian by means of high-speed processing, and the pedestrian 
candidate area is narrowed down. The edge detector is processed, and binarisation (the value 
is 0 or 1 using the threshold value) is carried out on the source image. In this way, it is possible 
to scan the extraction window from upper left to lower right in the image. Pedestrians are 
detected by the numerical value of the shape model. The current method for capturing a 
pedestrian’s shape employs co-occurrence histograms of oriented gradients (CoHOG). In this 
paper, however, we propose the use of Extended Co-occurrence Histogram of Oriented Gradient 
(ECoHOG) as an improvement of CoHOG. To test the applicability of ECoHOG, we carried 
out a comparison between it and CoHOG by means of commonly used data sets.

Figure 3 Proposed method
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In this paper, we propose four ECoHOG methods, which hold particular advantages over 
previous methods. The fi rst method is humanlike edge-magnitude accumulation. The second 
method is normalisation. The third method can thin out the pixels and extract distant pixels 
from the attention pixels. Our objective was to improve the detection rate.

2.1 Symmetrical judgement

Figure 4 shows the shape profi le and binarisation image of a pedestrian. From the pedestrian’s 
symmetry, it is possible to evaluate the person’s shape. The edge image is used to capture the 
rapidly changing pixel value. Thus, it is possible to distinguish, for example, the boundary 
line of the human shape from the background. Binarisation is performed after edge detection. 
As a result of the binarisation, it is possible to exclude the less important edges within the 
overall edge of the human shape. It is thus easy to judge the outer contour.

Figure 4 Edge detection and binarisation

The whole image is scanned so that the shape profi le can be judged. Figure 5 shows the 
method of right and left symmetrical judgement. The distance between the centre of the 
window and the edge is presented as a histogram (Figure 5). The similarity between the two 
histograms is calculated using the Bhattacharyya coeffi cient (Bhattacharyya et al., 1943). 
The range of the Bhattacharyya coeffi cient is 0.0–1.0. If the two histograms are identical, 
the similarity is 1.0. The threshold value is determined from the pedestrian and background 
images. Figure 6 shows two histograms from 3000 pedestrian images and 20,000 background 
images that we prepared. At this point, the pedestrian average is 88%, and the standard 
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deviation is 6%. The greatest value of the background histogram is 100%. This result would 
come from man-made objects, such as a road sign, road marking or utility poles, since only 
such objects have perfect symmetry.

Figure 5 Symmetrical judgement from left and right images

Figure 6 Symmetry and frequency: (a) positive images (pedestrian) and (b) negative images 
(background) (see online version for colours)
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The symmetry of a pedestrian is ambiguous and not perfect since it includes scattering from 
the pedestrian’s histogram distribution. For that reason, we allowed 77–98% similarities 
(return value by Bhattacharyya coeffi cient) as number of value is 95% (2σ). Figure 7 shows 
the pedestrian candidate area detection by threshold value. The small circles in the image 
represent the pedestrian candidate area. Some circles indicate confusion of the background 
area with the pedestrian area. However, we can extract the pedestrian candidate area and 
exclude the background area.

Figure 7 Result of symmetrical judgements

2.2 Pedestrian detection

In this step, we generate the pedestrian model from the human shape data to allow automatic 
detection of the pedestrian. The system can detect humans by comparing the pedestrian model 
with captured images from the camera. In this paper, we used ECoHOG as an improvement 
of CoHOG for pedestrian detection. Figure 8 shows the method of the shape characteristic 
(CoHOG). For pedestrian-shape extraction, CoHOG investigates the pedestrian’s edge 
direction minutely and uses two different pixels in an extraction window as a direction pair. 
From the edge direction pair, CoHOG can describe such features as the head and shoulders, 
the back and legs (shown in Figure 9) and reduce misdetection by means of pair extraction. 
Unlike CoHOG, ECoHOG acquires not only the edge-direction pair but also the edge-
magnitude pair. ECoHOG can represent the edge-magnitude characteristics of the pedestrian 
shape. Figure 10 shows thinning out of the pixels in the extraction window. We can extract 
the distant pixels of the pedestrian shape from the attention pixels by means of thinning out 
of the pixels in the feature-extraction window. The feature-extraction window allows the 
pixel-aggregation rectangle to extract the shape feature.

Figure 8 The fl ow of CoHOG (see online version for colours)
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Figure 9 How to acquire an edge pair from a pedestrian shape

Figure 10 Comparison between normal CoHOG and ECoHOG, and ECoHOG step

Both multiple and plus methods are possible as edge-magnitude accumulation methods to 
generate the pedestrian shape model in minute detail. The multiple method can eliminate 
weak magnitude pairs. With the multiple method, we can capture edge features if both pixels 
are in the pedestrian area, and we can also capture characteristic points of the pedestrian. 
In contrast, the plus method can describe detail more comprehensively than the multiple 
method, because it does not delete edge information. In other words, the plus method 
considers not only the pedestrian shape features but also the positional relationship between 
the pedestrian and the background. In this paper, we refer to the multiple method as ECoHOG 
multiple and the plus method as ECoHOG plus.

Next, we explain the ECoHOG step, which omits the extracting direction pair in the 
feature-extraction window. CoHOG and ECoHOG both extract from all pixels. The two 
methods describe the near area in a comparable fashion, the maximum distance being fi ve 
pixels. Contiguous pixels signify that there is no change in pedestrian-edge direction and 
magnitude. With our approach, it is possible to realise the simplifi cation feature extraction 
in an additive fashion. We propose that the ECoHOG step arranges the spatial distance by 
skipping some pixels in the feature-extraction step (Figure 10, right). In this manner, we 
are able to distinguish co-occurrence from farther pixels because the ECoHOG step allows 
window expansion.

Finally, we describe histogram normalisation. The normalisation step sets off the 
edge-magnitude difference, which depends on the difference in the image brightness. The 
sum of the histogram value is always 1.0 to establish the histogram shape.
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In this paper, we propose the use of fi ve CoHOG-based algorithms (Table 1). These 
algorithms amount to improvements in mean orientation magnitude, normalisation and step 
extraction. We propose using the multiple and plus methods as the magnitude pair-extraction 
method.

Table 1 Proposed methods

Intensity (multiple) Intensity (plus) Normalisation Step
(1) CoHOG intensity – – –
(2) ECoHOG multiple – –
(3) ECoHOG plus – –
(4) ECoHOG multiple step –
(5) ECoHOG plus step –

3 Detection experiment

We carried out two experiments. Experiment 1 was executed to choose the feature descriptor, 
and experiment 2 was a comparison between the previous method and the newly proposed 
method in real road situations. Table 2 presents the details of these experiments.

Table 2 Details of the detection experiment

Experiment Data set Positive Negative Objectives Evaluation
1 0.022 Pedestrian image Background image Feature selection DET curve
2 0.02 Pedestrian image Background image Comparison 

of previous/
proposed method

F measure

3.1 Verifi cation experiment on feature descriptor improvement (experiment 1)

In this experiment, we applied the INRIA Person Data set (Figure 11), including pedestrians 
and the Detection-Error Trade-off (DET) curve to evaluate the detection accuracy. The 
effectiveness of CoHOG has been established  (Watanabe et al., 2009). We carried out a 
comparison of CoHOG with ECoHOG. The settings of CoHOG, ECoHOG multiple and 
ECoHOG plus are shown in Table 3. The ECoHOG multiple step and ECoHOG plus step 
are shown in Table 4.

Figure 11 INRIA person data set: (a) positive images and (b) negative images (see online version 
for colours)
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Table 3 Settings of feature descriptor (CoHOG, ECoHOG)

Window size 7 × 7 pixels
Number of pixels in one window 18 pixels
Gradient quantisation 8 pixels
Number of dimensions per co-occurrence histogram 64 dimensions
Number of dimension 4608 dimensions

Table 4 Settings of feature descriptor (ECoHOG step)

Window size 11 × 11pixels
Step (x and y direction) 2 × 2pixels
Number of pixels in one window 17pixels
Gradient quantisation 8 dimensions
Number of dimensions per co-occurrence histogram 64 dimensions
Number of dimension 4352 dimensions

The DET curve’s vertical axis indicates the misdetection rate, when the system is unable 
to detect a pedestrian; the horizontal axis is the false-positive rate, which is incorrect 
detection. The DET curve shows high accuracy close to the lower left part of the graph. 
We evaluated the detection accuracy of the proposed fi ve algorithms, the comparison of the 
plus and multiple-edge pair accumulation, and the step-extraction method. The results of the 
evaluation experiment are shown in Figure 12 in accordance with the DET curve.

Figure 12 Detection-Error Trade-off (DET) curve

The evaluation experiment revealed that the edge-magnitude added method – CoHOG intensity 
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– was better than CoHOG alone; furthermore, the normalising feature histogram methods 
– ECoHOG multiple and ECoHOG plus – offered the greatest accuracy. We were able to 
identify the pedestrian not only in terms of edge direction but also in terms of edge magnitude 
in ECoHOG multiple and ECoHOG plus. Thanks to the normalisation step, we could detect 
the pedestrian through changes in the edge value as a result of brightness variation in all 
ECoHOG methods. The most effective method for controlling misdetection was ECoHOG 
multiple. The ECoHOG plus method showed the fewest false-positive results. From the DET 
curve, a well-balanced feature descriptor was offered by the ECoHOG multiple-step method. 
Weak features were overridden by accumulating multiple. Edge magnitude value is nearly 
zero if one of the edge pairs has a small value. The ECoHOG multiple-step method can 
detect both edge pairs only if they are strong (i.e., if they have a high value). ECoHOG 
plus accumulation does not fail over detection because the feature descriptor can capture 
comprehensively all the pedestrian’s feature. The ECoHOG multiple-step method shows 
excellent results in the DET curve as a result of multiple accumulation and step extraction. 
However, the ECoHOG plus step method does not offer any advantages over the ECoHOG 
plus method. It is necessary to set the step size in the extraction window appropriately.

In the next section, we address the ECoHOG plus method for pedestrian detection using 
the in-vehicle video to reduce over-detection and false alarms.

3.2 Comparison of detection results using real-load images [experiment 2]

We verifi ed the pedestrian-detection accuracy using videos with real-load capture. We used 
precision, recall and the F measure as indicators of detection accuracy, whereby precision 
indicates the accuracy of the system, recall is the detection rate of system in an actual 
pedestrian area, and the F measure is calculated as the harmonic mean from precision and 
recall. Precision, recall and the F measure are as shown here:

True PositivePrecision
True Positive False Positive

= 
+

True PositiveRecall =
True Positive + False Positive

2 Recall × PrecisionF measure .
Recall Precision

=
+

×

Table 5 shows the accuracy of the results with the system. The system being able to correctly 
identify a pedestrian signifi es a true-positive result, whereas identifying a pedestrian as the 
background is a false-negative result. Similarly, the system identifying the background as 
a pedestrian is a false-positive result, and correctly identifying the background is a true-
negative result.

Table 5 System accuracy

Actual answer
Pedestrian Background
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Output of system Pedestrian True positive False positive
Background False negative True negative

The settings were the same as those described in Section 3.1 – the verifi cation experiment 
on feature descriptor improvement. To help detect pedestrians, we prepared learning images 
for generating the pedestrian-shape model. There were 5000 positive images and 20,000 
negative images (Figure 13). Evaluation images including pedestrians were extracted from 
the in-vehicle video, which was taken in the Tokyo metropolitan area. Figure 14 shows 
the evaluation images. Table 6 shows the experimental results using the previously applied 
method (CoHOG) and the newly proposed method (ECoHOG) evaluated in terms of 
precision, recall and the F measure.

Figure 13 Samples of positive and negative images: (a) positive images and (b) negative

Figure 14 Method of pedestrian detection on the road

Table 6 Experimental result with the two methods

Precision Recall F measure
CoHOG 0.6811 0.5898 0.6321
ECoHOG plus 0.7922 0.5949 0.6795

In experiment 2, the newly proposed method – ECoHOG – gave a higher value in the 
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F measure than CoHOG. This indicates that ECoHOG is superior in terms of accuracy 
(Figure 15). We believe this accuracy derives from the edge-magnitude accumulation and 
normalisation of the ECoHOG plus method. ECoHOG plus can correctly identify pedestrians 
and the background in cases where the background includes object that have a similar 
edge-magnitude accumulation. We can confi gure a pedestrian model that correctly detects 
pedestrians by digitising the characteristics of the human edge magnitude from a large 
number of learning images. Normalisation is able to eliminate histogram changes owing to 
image-strength variation by means of histogram shape setting. By means of normalisation, 
we can decrease problematic cases that arise owing to light-source variations and pedestrian 
shadows that appear in the images as a result of environmental changes.

Figure 15 Detection sample: (a) previous method (CoHOG) and (b) proposed method (ECoHOG 
plus)

When the vehicle is moving fast, features of a pedestrian become diffi cult to identify because 
the edges become less distinct. Diffi culties in pedestrian detection emerge from discrepancies 
between the pedestrian-shape model and the extraction image. We need to add faded-edge 
pedestrian images to generate better pedestrian-shape models. We are currently preparing 
further pedestrian samples so as to improve the detection precision because the 5000 positive 
images used in this study were insuffi cient.
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4 Conclusion

In this study, we have proposed a pedestrian-detection method using in-vehicle video. 
We utilised the pedestrian’s right and left symmetry and narrowed down the pedestrian 
candidate area and did not exclude the pedestrian area from the input image. We applied 
a classifi er in the pedestrian candidate area by means of symmetrical judgement. We 
proposed the ECoHOG method as an improvement on CoHOG as a pedestrian-detection 
algorithm. Our experiments showed the effectiveness of edge-magnitude accumulation and 
normalisation. A validation experiment dealing with feature descriptor improvement revealed 
that the best feature descriptor was the ECoHOG plus method, which allows pedestrians to 
be identifi ed without feature loss. Thus, this represents high-accuracy pedestrian detection 
using a monocular camera.

We need to detect pedestrians in a way that takes into account appearance variations owing 
to movement of the vehicle. The use of in-vehicle monocular cameras (driving recorders) 
is increasing all over the world. Thus, utilising such cameras as part of a pedestrian active 
safety system will make a major contribution to reducing the number of pedestrian deaths 
in traffi c accidents.
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