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Abstract— This research proposes the use of Harris Corner
Detector and Lucas-Kanade Tracker methods for the detection of
3D objects based on stereo image. The test image obtained from
the results of capturing of the camera to the object of the form of
tubes, balls, cubes, and 2D images. This research is the early step
in the development of the ability of a computer vision to be able
to mimic the performance of eye organs in humans in detecting
an object. The detection step of the proposed method begins by
determining the feature point on the image of the taking results
of two cameras using the Harris Corner Detector. After the
feature point of the two images obtained, then performed
tracking feature point using the Lucas-Kanade Tracker method.
In this research, the distance between the cameras used 10, 20,
and 50 cm. The Effectiveness of the detection result of the
proposed method is measured using the recall and precision
parameter values obtained in the merged of the image. The
proposed method gives a Recall value above 90% and a precision
value above 50% for a distance of the cameras 10cm and 20cm
for ball and tube objects. In the box object, the Recall value is
60% for a distance between the cameras S0cm and below 25%
for a distance of the cameras 10cm and 20cm. The precision value
for detection of the box object is very low, i.e. less than 25%.

Keywords—object detection; 3D object; feature point; stereo
image

L.

The very rapid progress of digital image processing
technology is expected to be used to simplify human life. This
technology can be applied in various fields, ranging from
military and medical field to the home appliance fields.
Automation technology uses it to eliminate the human role in
decision making.

INTRODUCTION

This research developed a system that would replace the
performance of the human eye organ as a decision maker to
detect the dimensions of the observed object. This research is
expected to support the progress of image processing
technology and can be applied as part of computer vision such
as an automatic parking process, object detection in an
industrial area, surveillance system, and others. It is also
hoped that with this detection system of the object dimension

978-1-4799-7675-1/17/$31.00 ©2017 |IEEE
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can improve the optimization of human performance in
completing the activity.

Previous research on object detection has been done by
many researchers. The research about detection of a moving
object on video taken by the moving camera using background
reduction method has been done before [1,2,3]. The research
about detection of 3D objects done previously is to reconstruct
a three-dimensional object from a two-dimensional image
using epipolar geometry [4]. The difference with the proposed
method in this research is on the use of cameras. If the
previous research using 1 camera then this research uses 2
cameras so that object detection is done by comparing
between the images results of the right camera with the left
camera. The other research that has been done is the
introduction of 3D objects based on image features [5],
canonical angles between the shape subspace [6], and the use
of an artificial neural network method [7,8]. These researches
used a mono image that obtained using a single camera while
the proposed method used the stereo image. In a research
using mono cameras, it is not possible to use the feature point
tracking method because only has a single frame for each
taking an image. In this proposed method used a grayscale
image to reduce computational loads in order to shorten the
processing time.

The research on the object detection using stereo cameras
has also been done [9]. The difference between the research
that has been done with this research is the method used. This
research proposes the use of Harris corner detector and Lucas
Kanade tracker methods while the research that has been done
using a disparity depth method.

II. THE PROPOSED METHOD

A. Preprocessing

The image is taken using two cameras mounted car
dashboard within 10, 20 and 50 centimeters. The distance of
the midpoint between two cameras with the object is 150 cm.
Fig. 1 shows how to capture the picture using 2 cameras. After
the image is obtained, then the image is converted into a
grayscale image.



International Conference on Electrical Engineering and Computer Science (ICECOS) 2017

Left camera Right Camera

Fig. 1. Equipment to take the image.

Here, 7 is the intensity of the grayscale pixel, R is the
intensity of red, G is the intensity of green, and B is the
intensity of the blue color.

B. Feature Point Detection

The next step is the detection of feature points conducted
using Harris Corner detector method [10]. Using this method,
features of a corner point in the image will be detected and
characterized by a particular colored pixel. Fig. 2 shows the
results of a corner feature detection using the Harris Corner
Detector method. The detection result from the corner feature
point of the image captured from the left camera is different
from the right camera this is because this method only shows
the best corner point only.

C. The correspondence of Corner point

After the corner points obtained, then the next step is to
find correspondence between corner points.  This
correspondence is obtained by tracking the corner point
between of the image obtained from the left and right cameras.
The used method for tracking this corner point is the Lucas
Kanade Tracker method [11]. Figure 3 shows the result of
tracking the corner correspondence of the left and right
images.

There is an inappropriate corner correspondence between
the left and right images, shown in Fig. 3. The correspondence
of the incorrect point corners between the left and right images
is omitted using the Random Sample Consensus (RANSAC)
method [12]. This method iteratively estimates the parameters
of mathematical models a set of observed data containing
outliers. The more correspondence of a corner point is
detected then the detection process is also more accurate. The
result of correspondence is used to obtain the homography
matrix. After the homography matrix is obtained, the two
images can be merged to determine the dimensions of the
objects in the image.

After converting to a grayscale image, the region of
interest (ROI) is determined so that the right image and the left
image are not too much different. Converting the RGB image
to grayscale images is done using the equation (1).

I =0.2989R + 0.5870G + 0.1141B )
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(a) Left camera (b) Right camera

Fig. 2. The detection result of a corner feature detection.

(a) Left camera

(b) Right camera
Fig. 3. The corner correspondence of the left and right images.

D. Homographies (2D Projective Transforms)

The homography transformation between a left image and
a right image is calculated after correspondence of the corner
point is obtained. The homography transformation H between
a left image and a right image is defined by Equation 2.

P, =HPy (2)

Here P, is a left image and Py is a right image that contains
corresponding points between a left image and a right image.
Then H is calculated from the Equation 3 and 4 using the 8-
point algorithm.

hl
hZ
xo»n L0 0 0 —xx —xy x|k
00 0 x » 1 —yx —yy —y|h 3)
S : : Yol ks =0
X, v, 1.0 0 0 -xx, -xv, -x |k
00 0 x vy, 1 =yx, =yvy, -»n)h
hy
1
h h h
H=|h, h b, @
hoho 1

Here x’, y’ denotes the pixel coordinates of the left image and
x, y denoting the pixel coordinates of the right image.
E. Determination of objects

The object determination is done by merging a left and a
right image. If the difference in pixel intensity between the left
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images with the right image is equal or less than the given
threshold, then it is considered a background or 2D object and
marked in white. Otherwise then pixels are considered part of
3D objects and are marked in black. In this research, the
threshold value used is 30. The object determination is done
using Equation 5.

Pay) = Pxryry €30 Pryym = white

P(x.y)m = {P(x‘y) — P(x’,y’) > 30 P(x‘y)m = black

Fig. 4 shows the pixel determination results of the object in
the image with a spherical object with a distance between
10cm camera. The black pixel represents the portion of the
detected object.

The closing operation is done in order for the object is
more visible so that more easily detected. The detected object
from the closing operation result marked the bounding box
form. Fig. 5 shows the result of marking the location of the
object after the closing operation.

III. EXPERIMENTAL RESULT

In this research used 9 pairs of video scenes that are
grouped by object observed and the distance between cameras.
There are 3 forms of objects will be observed, namely balls,
tubes, and boxes. Meanwhile, based on the distance between
the cameras, the image was taken from the distance between
the cameras 10, 20, and 50cm respectively. Image data capture
is done indoors with video frame rate are 30 fps and image
frame size is 640 x 480 pixels with 10 seconds of video
duration. In this research used a static camera (not moving).
The experimental environment is as follows: The operating
system is Windows 8, the processor is Intel® core™ i3, 2GB
RAM, and the used software is Ms Visual Studio 2010 and
OpenCv 2.4.10.

The video capture results for each object are extracted
become sequences of images with a BMP format. Table I
shows the number of frames for each video after being
extracted. There is a difference in the number of frames for
each video because of the inaccuracy of the video duration for
each video.

Object

\

Fig. 4. The pixels determination result of the object.

v

|

Fig. 5. Location of the 3D objects.
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Not all video frames are used for the object detection. Each
frame has an almost identical image so is used in part to
represent it. The number of frames used for each object is not
the same. This number represents the number of frames of the
result of frame merging between the right and the left image.
Table II shows the amount of each frame is used for the
detection of each object. The effectiveness of the proposed
method is measured using the recall and precision parameters.
Recall and precision are parameters that are widely used in the
measurement performance of the detection system using
image processing. The equations used to measure the value of
recall and precision are as follows:

Recall : — ™ x100% (©6)
NTp+NFN
.. . Ntp
Precision : - x100% @)

Here N7p is the number of pixels in the true positive area; Nyp
is the number of pixels in the false positive area; Npy is the
number of pixels in the false negative area. True positive (TP)
is part of the overlapping region between ground truth and
detection results. False negative (FN) is the part included in
the ground truth but is not included in the detection results of
the proposed method. False positive (FP) is the part that is
included in the detection result of the proposed method, but
not the actual object region.

Fig. 6 shows the resultant images of comparison between
the ground truth and the detection result of the proposed
method. Fig. 6 is an example of the detection results of the
proposed method for a distance between 2 cameras is 10cm.
The true positive region is marked in red, a false negative is
marked in blue, and a false positive is marked in gray. The
results of the detection of the proposed method are shown in
Table III. This result is the average of the number of frames
for each object as shown in Table II. The recall value of the
ball and tube objects gives a value above 50%. As for the box
object, the value of recall and precision is less than 50%. The
distance between 2 cameras affects the success of the
proposed detection method. On the object of the ball and tube,
the farther the distance between the 2 cameras will give the
value of recall and precision are low. On the box objects, the
recall value is higher for the distance between the 2 cameras is
50cm.

TABLE I. THE NUMBER OF EXTRACTION OF AN IMAGE FRAME FOR EACH

CAMERA.
Videos Right camera (Image) Left camera (Image)
10cm 20cm | 50cm 10cm 20cm 50cm
Ball 320 324 314 319 323 314
Box 319 319 314 319 319 314
Tube 313 313 323 313 312 323

TABLE II. THE NUMBER OF EACH FRAME USED IN THE RESEARCH.

The distance between 2 camera

Video 10cm 20cm 50cm
Ball 101 113 100
Box 100 100 100
Tube 100 100 100
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Fig. 6. The result of the 3D objects detection using the proposed method.
Time elapses from left to right: (a) Ground truth, (b) The location of the
3D object from the proposed method result, (c) the result of the
evaluation.

TABLE III. THE EVALUATION RESULTS OF THE EFFECTIVENESS OF THE

PROPOSED METHOD.
Video Evaluation values
Recalll Precision

Ball 10cm 95% 52%
20cm 95% 57%

50cm 75% 17%
10cm 25% 23%

Box 20cm 32% 6%
50cm 60% 12%
10cm 95% 60%
Tube 20cm 95% 57%
50cm 60% 12%

IV. CONCLUSION

This paper proposes a technique for detecting 3D objects
using a method of a Harris corner detector and Lucas-Kanade
tracker from two images taken using two cameras. Recall and
precision parameters are used to determine the effectiveness of
this proposed method. Table 3 shows that the evaluation
results in 3D object detection of three objects give the recall
result more than 60% for a ball and tube objects, while for box
objects under 60%. This means that the proposed method
provides satisfactory performance for detection a ball and tube
objects while for the box object is not satisfactory. The
precision values above 50% are achieved for the distance
between cameras 10cm and 20cm on ball and tube objects,
while for box objects less than 50%.

In the object of the box, the precision value is very low.
This is because when converted to grayscale mode, the color
of the object becomes similar to the background so it is
difficult to do the detection. The challenge in the future is to
use an RGB image without converting to grayscale so that the
object's color can be more different from the background. This
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will cause the computation load to become heavier and the
processing time of each frame will be longer.

The other challenge is trying to apply this proposed
method for the outdoor image. In the outdoor image, many
disorders encountered in addition to changes in the intensity,
such as the background movement due to the wind or because
of the number of 3D objects that exist. In addition, the
proposed method can be tried on a microcomputer so that it
can be applied to the automatic control.
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