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Abstract. This paper proposes a method for detecting general obstacles
on a road by subtracting present and past in-vehicle camera
images. The image-subtraction-based object detection approach can be
applied to detect any kind of obstacles although the existing learning-
based methods detect only specific obstacles. To detect general obstacles,
the proposed method first computes a frame-by-frame correspondence
between the present and the past in-vehicle camera image sequences,
and then registrates road surfaces between the frames. Finally, obsta-
cles are detected by applying image subtraction to the registrated road
surface regions with an illumination insensitive feature for robust de-
tection. Experiments were conducted by using several image sequences
captured by an actual in-vehicle camera to confirm the effectiveness of
the proposed method. The experimental results shows that the proposed
method can detect general obstacles accurately at a distance enough to
avoid them safely even in situations with different illuminations.

1 Introduction

Nowadays, development of driving support systems has became an active re-
search topic. Forward obstacle detection from in-vehicle camera images is one
of the most important techniques in ITS. This technique is essential to real-
ize a collision-warning system that can reduce the number of traffic accidents
significantly. Accordingly, a number of techniques to detect forward obstacles
have been developed. Still, most of them detect only specific obstacles such as
pedestrians or vehicles. These approaches can improve the detection accuracy
by learning image features of the obstacles. However, they cannot detect obsta-
cles that are not considered in the learning phase. Thus, detection of general
obstacles is a challenging task because various obstacles exist on a road.
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Recently, in-vehicle camera image databases such as Google Street View1 have
become a familiar service. Moreover, the development of higher speed wireless
telecommunications and rapid growth of data storage capacities are remarkable.
This allows us to collect and store large amount of in-vehicle camera images for
driving support purposes.

We proposed a method for detecting forward general obstacles, based on image
subtraction between an in-vehicle camera image and its past image captured at
the same location [1]. However, this method did not consider the difference of
illumination conditions between the present and the past images. This would
degrade the detection accuracy in practical situations because the illumination
conditions are not the same between the different days/times. Therefore, in this
paper, we propose a subtraction-based forward obstacle detection method using
an illumination insensitive local feature, and try to improve the accuracy of
obstacle detection even when the illumination conditions have changed.

This paper is organized as follows: Section 2 describes related work. Section 3
explains details of the proposed method. Experimental results and discussions
are described in Section 4. Finally, Section 5 summarizes the paper.

2 Related Work

Various techniques have been proposed to detect forward obstacles, using dif-
ferent kinds of sensors including millimeterwave radar, stereo, monocular, or
infrared camera [1][2][3][4]. However, millimeterwave radars cannot be used for
detecting small obstacles due to their low spatial resolutions. On the other hand,
stereo cameras still have hurdles with their calibration [5]. It may be difficult to
obtain accurate point correspondences between the images. Meanwhile, the tech-
niques using infrared cameras are specialized for pedestrian detection to assist
a driver’s visibility at nighttime.

Obstacle detection methods with a monocular camera has been actively re-
searched. However, most of these methods are learning-based methods, so they
detect only specific obstacles such as pedestrians or vehicles [3][4]. Here, one of
the most effective approaches to detect general obstacles is the subtraction-based
approach [1]. This method detects obstacles by comparing present and past in-
vehicle camera images. Assuming that the past sequence does not include any
obstacle, the detection can be done by a background subtraction strategy. The
advantage of this method over the learning-based methods is that it does not
require to learn image features of the obstacles beforehand, so it can handle
arbitrary objects. Again, since this method uses simple local features in the
subtraction operation, such as brightness value of each pixel, the detection ac-
curacy is strongly affected by the difference of illumination conditions between
the present and the past sequences. Unlike the background subtraction using a
fixed camera [6], the illumination conditions between the input and the back-
ground images are quite different in the case of subtraction between the present

1 Google Street View, http://maps.google.com/

http://maps.google.com/
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and the past in-vehicle camera images because they are usually taken on dif-
ferent days/times. Therefore, the proposed method introduces an illumination
insensitive local feature for the subtraction. As another approach, the optical-
flow-based approach can also detect general obstacles, but it has a difficulty
when detecting obstacles that are not moving.

The proposed method needs past in-vehicle camera images with no obstacles.
There are some techniques [7] for constructing and updating an in-vehicle camera
image database. The database contains images corresponding to each road on a
street map. We assume that past images could be obtained from such databases.
Furthermore, some methods have been developed to remove obstacles from an in-
vehicle camera image database [8][9], which could be used to obtain obstacle-free
image sequences.

3 Proposed Method

The cruising speed and trajectory of each vehicle may be different between the
sequences. To detect obstacles based on subtraction between the present and
the past in-vehicle camera image sequences captured along the same road, the
proposed method performs the following two processes:

1. Frame-Level and Pixel-Level Registrations
The cruising speed and the trajectory differ between the sequences. There-
fore, this process first finds a frame in the past sequence that was taken at
the same location as the present frame, and then finds correspondences of
pixels in road surface regions between the present and the past frames.
The proposed method performs this process in the same manner as the
method introduced in [1].

2. Subtraction-Based Obstacle Detection Using an Illumination
Insensitive Local Feature
This process detects obstacles based on differences between the local features
extracted from road surface regions of the present and the past frames. Here,
we propose an illumination insensitive local feature.

3.1 Frame-Level and Pixel-Level Registrations

Here, we briefly explain the registration process. Detailed information of the
process is described in [1].

Finding Frame Correspondences. To obtain the frame correspondences,
a Dynamic Time Warping (DTW) method is applied to the present and the
past image sequences by introducing a penalty calculated from the relationship
between the two cameras. This penalty is defined as

1

|ex|+ α
, (1)
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(a) Present (b) Past

Fig. 1. Corresponding frames in the present and past image sequences

(a) Direct subtraction (b) Subtraction after regis-
tration

Fig. 2. The subtraction results of corresponding frames in Fig. 1

where ex is the horizontal position of the epipole between the present and the
past frame, and α is a positive constant. Based on the theory of the epipolar
geometry analysis, the epipole is calculated from correspondig point-pairs be-
tween the frames. The penalty term is robust against the difference in running
positions of a vehicle and the occlusions caused by obstacles.

Registration of Road Surfaces. This step performs registration of road sur-
face regions between the corresponding frames. It is difficult to detect obstacles
by directly applying an image subtraction operation between the corresponding
frames because of the difference in the running positions between the frames.
Figure 1 shows an example of corresponding frames obtained by the frame-level
registration. The result of the image subtraction is shown in Fig. 2(a), where
we can see a spatial gap. To compensate for the gap, this method performs the
pixel-level registration of the road surface regions. The subtraction result after
the registration is shown in Fig. 2(b). It is assumed that the road surface is flat,
and the obstacle detection area is restricted to the road surface region. This step
makes correspondences of pixels in the road surface regions between the present
and the past images by a projective transformation. The projective transforma-
tion matrix is calculated from the epipolar lines and the road boundary lines.
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Fig. 3. Example of Census Transform (N = 2)

3.2 Subtraction-Based Obstacle Detection Using an Illumination
Insensitive Feature

The proposed method detects obstacles by the subtraction of road surface regions
after the registration process. In this paper, we define an “obstacle” as the image
difference compared to a past road surface where obstacles do not exist. For
each location in the road surface region, the method calculates the difference of
local features between the present and the past images, and then significantly
different regions are detected as obstacles. Here, the features for measuring the
difference is very important because simple features, such as the brightness,
are easily affected by the illumination condition changes. Hence, we propose
an illumination insensitive local feature that is robust for different illumination
conditions.

Illumination Insensitive Local Feature. Census Transform [10] is a method
for extracting local features from an image, which encodes the relationship be-
tween a pixel and its neighbors. The method was first proposed to calculate the
cost of stereo matching. Similar to Local-Binary-Patterns (LBP) [11], the local
feature extracted by the Census Transform is robust against the illumination
changes [12]. The Census Transform constructs a vector C(x, y) for each pixel.
The LBP uses the pixels only along a ring around the target pixel, although the
Census Transform uses all pixels in a (2N + 1) × (2N + 1) region around the
target pixel. Thus, the vector consists of 4N(N + 1) elements. Each element is
calculated as

C(x, y, i, j) =

{
1 I(x, y) > I(x+ i, y + j)
0 otherwise

, (2)

where −N ≤ i ≤ N and −N ≤ j ≤ N except i = j = 0. I(x, y) represents the
pixel value at position (x, y). Figure 3 shows an example of the construction of
a census transform vector. The difference between the two vectors is calculated
based on Hamming distance. However, this representation may be unsuitable for
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Fig. 4. Example of modified Census Transform (N = 2 and β = 0)

feature extraction from a road surface region, because pixel values are almost
equal in most parts of the road surface. Therefore, this paper introduces trinary
representation [13] that is used for LBP. Thus, instead of Eq. (2), we use the
following representation.

C(x, y, i, j) =

⎧⎨
⎩

1 I(x, y) > I(x+ i, y + j) + β
−1 I(x, y) < I(x+ i, y + j)− β
0 otherwise

, (3)

where β is a small positive value that absorbs small changes of pixel values
in a road surface region. We also consider that color information would work
effectively for obstacle detection. Therefore, the proposed method extracts a
vector from each color channel, and concatenates the vectors as shown in Fig. 4.
We define the difference between two vectors as the sum of absolute differences
of each element pair.

Integration of Results from Multiple-Frames To improve the reliability
of the detection results, the proposed method integrates results obtained from
successive frames. This reduces false detections caused by noises and registration
errors. Here, we employ a simple strategy to integrate multiple-frame information
as shown in Fig. 5.

First, the proposed method computes a spatio-temporal subtraction image
by using the past successive T subtraction images (Fig. 5(a)), and then detects
highly different pixels as obstacle candidates. Next, each candidate is tracked
in the temporal direction, and tracking trajectories are obtained (Fig. 5(b)).
Assuming that the vehicle and the obstacle move linearly for a very short time
in the spatio-temporal subtraction image domain, candidates having straight-line
trajectories are extracted as the final results (Fig. 5(d)).
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(a) Construction of spatio-
temporal subtraction image
using T frames.

(b) Detection of pixels with sig-
nificant difference and tracking
in the direction of t.

(c) The final detection result. (d) The original image with
the detection result.

Fig. 5. Overview of integration of multiple-frame information

4 Experiments

To confirm the effectiveness of the proposed method, obstacle detection experi-
ments were conducted by using in-vehicle camera images.

4.1 Experimental Condition

To acquire images used for the experiments, we mounted a web camera “Logi-
cool Qcam R© Pro 9000” on the windshield of a vehicle as shown in Fig. 6. The
image size was 640 × 480 pixels, and the frame rate was 15 fps. We prepared a
total of six sequences by driving along the same 150 meters road six times. Four
of them including obstacles were used as the present sequences, and the others
which did not include any obstacle were used as the past sequences. The total
number of frames in the present sequences was 879, and 329 of these sequences
included obstacles in the distances from 12 to 80m. The obstacles were a pedes-
trian crossing the road, a street-parking vehicle, a forward running vehicle, a
pylon, and a ball. On the other hand, the past sequences were captured under



522 H. Kyutoku et al.

�����������������
�����������������
�����������������

Camera

(a) From outside

Camera

(b) From inside

Fig. 6. Car-mounted in-vehicle
camera
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Fig. 7. Example of large illumination
change between present and past frames

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

P
r
e
c
is
io
n

Recall

Proposed (Large)

Proposed (Small)

Comparative (Large)

Comparative (Small)

Fig. 8. The precision-recall curves of the obstacle detection

different illumination conditions that had small and large differences from the
illumination condition of the present sequences as shown in Fig. 7.

We evaluated the detection accuracy by the following criteria:

Precision rate =
# of true-positives

# of true-positives + # of false-positives
,

Recall rate =
# of true-positives

# of obstacles
,

F-value =
2 · Precision ·Recall
Precision + Recall

Here, 4-connected pixels of the detection result were merged to one region, and
used for calculating the above criteria. The true-positives were counted for each
obstacle in the image, even if multiple detected regions existed on an obstacle.
On the other hand, the false-positives were counted for each detected region. We
compared the detection accuracy between the proposed method and the method
described in [1]. The comparative method detects obstacles based on simple
subtraction of brightness values after the registration of road surface regions.
We set the parameters used in the proposed method as N = 3 and β = 5. As for
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Table 1. The accuracy comparison when maximum F-values were obtained

Illumination change Method F-value Precision Recall

Small
Proposed 0.87 0.96 0.80
Comparative 0.67 0.99 0.51

Large
Proposed 0.77 0.89 0.68
Comparative 0.67 0.91 0.53

(a) Pedestrian (b) Pylon (c) Ball

Fig. 9. Examples of detection results for obstacles approximately 50m ahead. The
rectangles represent the detected regions. The pair of images in the balloon in each
image is the close-ups of the detected region (left) and its original image (right).

the integration parameter T , we used the same value for the proposed method
and the comparative one as T = 5. We determined these values based on the
results of preliminary experiments.

4.2 Results

Figure 8 shows the precision-recall curves of obstacles closer than 80m. The
solid lines show the accuracy when large illumination change occured, while the
dashed lines show the accuracy in the case of small illumination change. Table 1
shows the accuracy comparison when the maximum F-values were obtained in
Fig. 8. In addition, Fig. 9 shows the detection results of distant obstacles.

4.3 Discussion

From Table 1, we confirmed that the proposed method provided higher F-values
than those of the comparative methods in both cases when small and large
illumination changes exist between the image sequences. Moreover, as Fig. 8
shows, for example, in case when the recall rate is about 0.7, the proposed method
keeps high precision rates over 0.9 even if the sequences had a large illumination
difference, while the recall rates of the comparative methods dropped to less
than 0.8. These results proved the effectiveness of the proposed method.

Additionally, the proposed method could detect small obstacles such as a ball
or a pylon at a distance of more than 44m, as seen in Fig. 9. It was confirmed
that distant obstacles could be detected by the proposed method. Especially,
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Fig. 9(c) demonstrates the remarkable ability of the proposed method. The pro-
posed method successfully detected a ball with a diameter of only 20 cm at a
distance of 46m. This means that small obstacles could be detected far enough
to avoid safely even when cruising at a speed of 60 km/h.

5 Summary

We proposed the method for detecting general obstacles on a road by subtract-
ing the present and the past in-vehicle camera images with an illumination
insensitive local feature. Compared to the existing learning-based approach that
detects only specific obstacles, the proposed image-subtraction-based approach
can detect any kind of obstacle. To achive this, the proposed method first per-
formed frame-level and pixel-level registrations of the present and the past image
sequences, and then detected obstracles based on the subtraction of the road sur-
face regions with an illumination insensitive local feature.

To demonstrate the effectiveness of the proposed method, obstacle detection
experiments were carried out by applying the proposed method to several in-
vehicle camera image sequences. The experimental results shows that the pro-
posed method can detect general obstacles accurately at a distance far enough
to avoid them safely even under large difference of illumination conditions.
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