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Abstract

In this paper, a new 3D robot vision system using the
hierarchical opto-digital algorithm is proposed and
implemented. From some experimental results with
the 20 frames of the stereo input image pairs, the
proposed system is found to be able to effectively
extract the area where the target object is located

from the stereo input image regardless of the
background noises.

1. Introduction

The 3D vision system can perceive three-dimensional
feeling, just as the structure of the human eyes, by
using the binocular disparity [1] between the left and
right eyes. In this system, in case the viewing-point
of the target object is not in accord with focusing
points of the left and right eyes, it gives fatigue to the
eyes because the target object is seen as two different
objects. Therefore, when there exists stereo disparity
in the target object, 1t has to be removed, and this
process 1s called the convergence angle control [2].
Generally the stereo vision system have to control the

convergence angle of camera according to the

distance of object just like as the apple of eye do at
the same time track the object. Convergence angle

control keeps the stereo disparity of between the right
and left images zero.

In this paper, a new 3D tracking algorithm to control
the convergence of moving object in the 3D robot
vision system 1s proposed. The proposed algorithm,
firstly, extracted the target object by removing the
background noises through the block-based MSE
(mean square difference) of the sequential left images
and then, controlled the pan/tilt and convergence
angle of the stereo camera by using the coordinates of
the target position obtained from the optical
BPEJTC(binary phase extraction joint transform
correlator) which are executed between the extracted
target image and the input image. Also, a novel 3D
vision system i1s proposed, in which 1t can detect and
segment the moving object adaptively through
controlling the pan/tilt system of stereo cameras by
using optical BPEJTC.

2. Convergence Control by using Pan/Tilt System
This proposed system can adaptively track a moving
target by controlling the convergence of stereo
camera. Firstly, extracted the target object by
removing the background noises through the block-
based MSE of the sequential left images. Secondly,
the location's coordinate of the moving target object
for each of the sequential input frames can be
extracted through carrying out optical BPEJTC
between the reference image of the target region mask
and the stereo input image. Finally, the convergence
and pan/tilt of stereo camera can be sequentially
controlled by using these target coordinate values and
the target can be kept in tracking.

The newly proposed algorithm in this paper consists
of the 3 steps.

2.1 Step.1

In this paper, the tracking object is perceived and
extracted through the MSE algorithm, in which the
region-based window mask 1s used [3].

The MSE algorithm is applied to the reference image
of the window mask obtained from the previous frame
and the input left image. Just like the Eq. (1), 1n the
MSE algorithm, the degree of simularity between the
reference image of the window mask and the input
image 1s measured and the MSE value on each pixel
location is calculated. That is, in case the MSE
algorithm as shown in Eq.(l1) is applied to the
reference image of the window mask [ 7re(r-1)] and

the left image [/(¢) ], the minimum value 1s calculated
on the very identical pixel domain.

Ne-1) (Ne—l 2
LS S i+ i+ - Treetiv)) | (1)

Ny =

MSE (a,b) =

Where and are the search range of the MSE algorithm
and given by a=-2M~2Nx, a=-N, ~N: respectively.
Then, by applying the MSE algorithm, find the pixel
domain of the minimum value. Then, a window mask
is formed on the pixel domain having the minimum
value as shown in Eq. (2), and the tracking object can
be extracted by using this mask.
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[ Window Mask, MSE = the minimum
r@) =l

L0 , the otherwise

(2)

Here, r(r) means the left image, in which the tracking

object is just separated from the background 1n the
/(ry image. Then, by extracting the location

coordinates [ (ax, Ay | of the tracking object and

moving to the center of the image, a new image 1is
obtained. This image 1s used as an updated reference
image in the next frame’s MSE algorithm. And, this
moving value of (Ax, Ay, is used to control the pan/tilt

of the left camera.

2.2 Step.2

For the right camera’s object tracking, the optical
BPEJTC(Binary Phase Extraction Joint Transform
Correlator) is applied to the image [/(s) ] from the left

image and the right image [,(s) ]. Then, the relative

distance between two objects can be calculated and
this value is used to control the pan/tilt of the right
camera.f5]

In input plane of the optical BPEJTC shown in Fig. 1,
the image on the spatial light modulator (SLM1) is
Fourier-transformed by the lens and detected on
CCD1 as the form of JTPS (joint transformed power
spectrum).

2W

Fig. 1. The input plane of optical BPEJTC

The reference image and the right image which are
given by Eq. (3), are positioned in the upper and
lower half of the spatial light modulator (SLM1),
respectively.

I'"(x-Av y—[Ap+ fi‘i] )y r(x—Ax. y—[Ay — %] ) (3)

Where 2w 1s the height of the display unit.
(Ax.. Ay) and (Av,, Ay,) are the distance coordinates to

the tracking object from the screen center of the /'(r)
and r(s) image, respectively.
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Equation (4) shows the correlation result between the
modified JTPS and the image of the SLM2.

Gy )= 3 4 Esrime(u, v)} (4)
={I'"(x, V) ® r(x, )] * o[ x + (Av, — Ax.), ¥ +(Ax — Ax. + )]
+[r(x, (¥, y))*O[x —(Av, — Av), v - (Ax. — Ax. + w)]

The correlation peak point on the correlation plane 1s
detected on CCD2. This peak point is the relative
distance between the reference image and the right
image and given by Eq.

xpeak = 2(Axi — Axr),  Vpeak = X(Ayvi— Ay, + w) (5)

Consequently, using this correlation peak point, the
location coordinates (ax., Ay-)Of the tracking object on

the right image can be obtained.

Ax, = Axi — xpeak . Ay, = Ayi+ w — Vpeak (6)

2.3 Step.3

Through the use of the USB(Universal Serial Bus)
interface, the location coordinates of the left and right
images obtained at the stepl and step 2 is transferred
to the pan/tilt of the stereo camera system, then 1t can
be controlled according to this values. Fig. 2 shows
the tracking screen, in which the camera’s pan/tilt
system centers the tracking object on the camera’s
field of view(FOV). Therefore, the stereo object
tracking is possible through the continuous control of
the stereo camera’s pan/tilt by the detected values of

(Av, Ay) and (Ax., Ayr) -

-------------- q‘
" Tracking Window
it before Fan/TiN Conirol

Fig. 2. Tracking screen by pan/tilt camera system
In this paper, the pan/tilt system consists of the user
PC, USB control board, and pan/tilt. Also, the PID

controller is employed to control the motor of pan/tilt
system as shown in Eq. (7).

u(n)=kp*e(n)+ kz'i e(n)+ kd[e(n') - e(n'-1)] (7

:\‘{ =f

Also, error compensation signal of is given by Eq. (8).
u(n) = e(ny* (kp+ k,+ k) + e =1 (k= 2 k)
+e(n—2)*(k;+ ky)+ ki *(e(n—-3)+---e(0)) (8)

In Eq. (7) and (8), each parameter 1s defined as
following, respectively.



u(n) = Output of motor control signal at sampling time #
e(n) = Position error at sampling time 7

n' = Derivative sampling rate

kp = Proportional term

ki = Integral term

kd = Derivative term

il = Integration limit

In this paper, the pan/tilt simulator is implemented, in
which the PID control variables can be given and PID
can be tuned.

3. Stereo Tracking Experiments and Results

In this experiments, the cameras of Dong Kyoung
Electronics, Inc. (Model: CS-82393BS) was used as
the left and right cameras with configuration of
crossing stereo camera and two pan/tilt control
systems of Hanwool Robotics Co. (Model : HWR-
PT1) are also used as the pan/tilt control devices. The
distance between the left and the right cameras was
22c¢m, and 30 image frames were saved and used at
the experiments. The Meteor II/4 and Meteor 11 MC/2
of Matrox, Inc. were used as the image saving frame
grabber, and Pentium (1.2GHz, 512MB) was used as
the digital image processing system.

o Display

Fig. 3. Pan/Tilt control system with crossing stereo
camera by using experiment

31 Step.1

In case the camera and the tracking object move
simultaneously, the tracking result for two frames of
the 20 images are shown in Fig. 4.

Frame 1

Left Image Right image

Target mask by MSE : Reference image :

Iper(t) ['(t)

Fig. 4. Stereo input image and extracted track@ng
object

3.2 Step.2

Fig. 5 shows the input plane to execute the optical
BPEJTC between the segmented reference image
rtyand the right input image r(r) and the correlation

peak point on the correlating plane after performing
the optical BPEJTC. The distance, (+ax, +ay,) and

(£Ax, tAy,), from the center of a screen to the tracking

object of the left and the right images can be acquired
by using the location coordinates of the correlation
peak points.

Frame 1
BPEJTC Correlation peak point
input plane (Location's coordinate)
PN S 10 ]

(265,-103)

Fig. 5. Simulation results of optical BPEJTC

Here, this coordinate system shows the location
coordinates of the tracking object in the () axis

having the central coordinates in (0,0) of the input
image. This extracted position coordinates are used to
control the pan/tilt control of right camera.

3.3. Step.3

Figure 6 shows the images after controlling the
pan/tilt by using the moving distance for two frames
of the input images [7(-)and r(s) ]. Here, the moving

distance 1s converted to the degree for the pan/tilt
control variables.

Frame 1

Left image Right image

after pan/tilt control after pan/tilt control
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Fig. 6. Image after pan/tilt control

Table 1 shows the moving degree and the simulation
results of tracking object two frames of 20 frames on
the stereo input image.

Table 1. Moving degree of pan/tilt between pixels

Degree Left Right
Frame Pan Tilt Pan Tilt

Frame | 11.625 -.3281 12.4218 |- 2.5781

Fig. 7 shows the stereo composite image before
tracking and the stereo composite image after tracking
by suing table 1 on input image about the two frames
of /(t)and r()

Composite image
before tracking

Composite image after
tracking

Fig. 7. Composite image after convergence and
pan/tilt control

Table 2 shows that there is only an error of 0~1 pixels
between the shifted location of the moving object and
the actual location. Through experimental results for
20 frames, we prove that the proposed system
efficiently tracks moving objects.

Table 2. The center coordinates of target object

osition Left Right Error
Frame image | image | Ax | Ay
Frame | 2,-1) | 3,-1) 1 0

>From Fig. 8, the tracking object (car) is shown, in
which the car is always at the center of the camera's
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field of view. Also, it 1s found that in case of the
stereo composite images after stereo tracking the
convergence points are controlled at the same time.

4. Conclusion

In this paper, a new stereo tracking system using the
hierarchical opto-digital algorithms is proposed and
implemented. From some experimental results with
the 20 frames of the stereo input image pairs, the
proposed system is found to be able to effectively
extract the area where the target object is located from
the stereo input image regardless of the background
noises. With the location values of the tracking object
obtained from the execution of the optical BPEJTC,
the convergence angle and the pan/tilt of the stereo
cameras are found to be successfully controlled.
Therefore, in this paper, a {feasibility test for
implementing the stereo tele-working system or the
stereo robot vision system using the proposed
algorithm 1s suggested.
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