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This paper considers a novel design of vehicle detection
method using in-vehicle rear and side cameras. In our pro-
posed method, we focus on feature points and an affine trans-
form. The feature points are detected on the image obtained
from the camera by using Lukas-Kanade (LK) method. In
general, it is easy to detect the feature points of the vehi-
cle because the form of vehicle has many edge components
such as corners of windows and a bumper, etc. In addition,
it is said that the feature points can perform stable vehi-
cle detection since they are robust to weather and illumina-
tion changes. However, the feature points are also detected
from artifacts which appear in the background image such
as guardrails and signs. Thus, the removal of unnecessary
feature points is required for detecting the feature points of
the vehicle.

Here, we assume that the front surface of the vehicle is
the feature plane consisted of the feature points. We find
that this feature plane’s movement can be defined by the
affine transform, as shown in Fig.1. The affine parameters
of Eq. (1) are possible to calculate by using the optical flow
of feature points of following vehicle.
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where z and y, denote the coordinate of the feature point
in frame at k, r11—r23 denote the matrix of the affine param-
eters. If the feature plane of vehicle moves according to the

Feature points of background:

Feature points of front of vehicle:
- Moving with affine transform

(a) Frame at k
Fig. 1.

(b) Frame at (k — §)
Behavior of feature points.

affine transform, the affine parameters of this feature plane
in frame at k and that of in frame at (k — §) become almost
the same. Namely, the optical flow of the plane is used to
determine whether it belongs to the background or to a fol-
lowing vehicle. Therefore, our system can differentiate the
front face of following vehicle and the background. Based on
this concept, we propose a novel vehicle detection method
using this feature plane’s movement and the affine transform
in this study.

Next, we perform experiments using the proposed method
and evaluate the performance. Figure 2 shows the accuracy
rates of vehicle detections using rear and side cameras. As
one can see, the efficiency of each vehicle detection is very
high. Especially, the rear and the left side vehicle detection
achieve the efficiencies of 88% or more. Although the preci-
sion and the efficiency of the right side vehicle detection are
lower than those of the rear and the left side vehicle detec-
tion, the right side camera’s recall, which means a sensitivity
of the vehicle detection, obtains the advantages of 97% or
more. This means that the right side camera can perform
the vehicle detection with low false negative. Therefore, we
can say that our proposed system can locate and track the
rear and side vehicles accurately and robustly.
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Fig. 2. Accuracy rates of vehicle detection using
Left, Rear and Right cameras.
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Front Surface Detection of Vehicle Based on Shift of Feature Plane
Using Affine Transform

Shintaro Arai*, Non-member, Osamu Inoue**

, Non-member, Shinji Ozawa*, Member

This paper proposes a novel vehicle detection method. It uses an affine transform to determine the planar

of features visible on the vehicle front surface. The feature points are detected on the image obtained from

an embedded camera. In general, it is said that the feature points can perform stable vehicle detection since

they are robust to weather and illumination changes.

However, the feature points are also detected from

artifacts which appear in the background image. For removing unnecessary feature points, we consider the

vehicle front surface as planar and assume it follows an affine transform. We find that this affine transform

assumption is valid, and the optical flow of the plane is used to determine whether it belongs to the back-

ground or to a following vehicle. Namely, our system can differentiate the front face of following vehicle and

the background. Our experiments confirm that our system can locate and track the rear and side vehicles

accurately and robustly.
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(a) Frame at k
Fig. 1.

(b) Frame at (k — §)
Approaching vehicle.

Feature points of background:
- Converging for vanishing point
\

Feature points of front of vehicle:
- Moving with affine transform

(a) Frame at k
Fig. 2.

(b) Frame at (k — §)

Behavior of feature points.
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Table 1. Average of affine parameters.
Average of affine parameters

T11 ‘ T12 | 721 | 722

Front of vehicle | 0.973 | -0.019 | 0.013 | 0.829
Others 1.029 | -0.116 | 0.026 | 0.838
Table 2. Variance of affine parameters.
Variance of affine parameters

T11 ‘ 712 | 721 | 722
Front of vehicle | 0.019 | 0.005 | 0.008 | 0.016
Others 2.492 | 10.921 | 1.535 | 7.921
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Fig. 6. Detection of approaching side vehicle:

(d) Detected front vehicle region.
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(a) Frame at k
Fig. 7.

(b) Frame at (k — 30)
Side vehicle.

Template image
by affine transform

Frame at k Frame at (k — 1)

Fig.8. Update of template of side vehicle by affine
transform.
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Fig.9. Detection of candidate vehicle region using edge component: (a) Input image, (b) Vehicle
search range by horizontal edge, (c) Partition based on vertical edge, (d) Candidate vehicle region.

Detected vehicle region

(b)

%
0,
8% -
2%,

Y
0

8%

a
g

]
-

(c)

Fig.10. Detection of approaching rear vehicle: (a) Input image, (b) Candidate vehicle region,

(c) Detected vehicle region.
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Fig. 11. Experimentation environment.

Table 3. Experimental environment.

2500 frames
360 x 240 pixel

30 frame/sec

Experimental Object

Size of Image

Frame Rate

Table 4. Specification of desktop computer.

CPU Core i7 2.66GHz
Memory 3.0GB
oS WindowsXP Pro(SP3)

Compiler | Visual C++ .NET 2003
Platform VC++ and OpenCV

LTwa,

AEBRTIE, AT LAHHMBRIIZEE) L& %
True Positive (TP, ¥ A7 A7SHM & Ml L7287, B
H§ L CHm AP ATV @ Y)), False Negative (FN,
AT AHEM AR L %200 7205, BhEGIC X EH 25T
FE$ % 0 KM, False Positive (FP, ¥ A7 A7SH %
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L RO F R %2 R “Efficiency (E)” @ 4 DOfli%
BT 5, TNEhOREH T EZRAUTIRT .

T Ep (10)
B TP (1)
TP+ FN
TN
NR = TN ED (12)
TP+TN
EiTP+FN+FP+TN ............... (13)

(5-2) EBER K5 L6ITEHIER X122 1312
SRR S B L - E 2R3, 742, M1212
IFIREF LA o B ML Tk L T 5720, 30k (11)
TRE SN BTEGEO Ty VIS %R H LBl F

Table 5. Detection result of Rear camera.
TP | FN| FP| TN

Left Lane 1712 1291 | O 497
Center Lane | 2049 | 418 | 0 33

Right Lane | 1135 | 118 | 63 | 1184

Table 6. Detection result of Left and Right side

cameras.
TP| FN| FP| TN
Left side | 506 | 174 | 0 | 1820
Right side | 793 | 19 | 443 | 1245
s Method of Ref(11) 86.5
Precision Proposed method 98.2
Method of Ref(11) 82.3
Recall Proposed method 86.4
Negative Method of Ref(11) 88.3
Recall Proposed method 98.3
. . Method of Ref(11) 85.4
EfflClency Proposed method 88.2
[ | | | |
0 20 40 60 80 100

Percengage [%]

Fig.12. Accuracy rate of vehicle detection using
Rear camera.
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Precision Left side X fioo
Recall Left side |74.4 077
Negative Left side froo
Recall [73.8
Efficiency Left side o5 |93.0
| | | |
0 20 40 60 80 100

Percentage [%]

Fig. 13. Accuracy rate of vehicle detection using
Left and Right side cameras.
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