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A Trajectory Prediction Method of a Moving Object 
Using Position Detection in 3-D Space by a Vision Sensor 

 
Yusuke TAKEMORI*  Yohji KOBAYASHI** 

ABSTRACT 

 
In this paper, we propose a trajectory prediction method for a three dimensional trajectory of a table tennis ball bouncing on a table. 
We assume that a trajectory of the bouncing ball is separated into a linear trajectory on XY plane and a parabolic trajectory on XZ 
plane, and that the parabolic trajectory is attenuated in a fixed ratio in X and Z directions every bounce. After detecting position data 
of the bouncing ball by the stereo method or the direct linear transformation method using a vision sensor with two CCD cameras, 
we predict the ball trajectory by obtaining the attenuation ratio of the parabolic trajectories and parameters of the trajectories on XY 
and XZ planes by the least squares method. Finally, we report performance evaluation of the trajectory prediction by experiments 
where a manipulator hits the bouncing ball according to command of a hitting point predicted by the proposed method. 

: vision sensor, trajectory prediction, parallel stereo, direct linear transformation method, manipulator 

1.  

(1)

(2)

 
 

2.  

1
 

(1) CCD
(3)

Direct Linear Transformation Method(4)

DLT
 

(2)

  
*    
**   

論文／竹森・小林：画像センサによる三次元位置検出を用いた移動物体の軌道予測手法

－43－



 

(3)

 

 

1  

3.  

DTL

 

3.1   

2
,,  

2
, ,

 
(3.1) 

,
,

 

 

2 (3)  

 

1

,,
  

 1.3217.00004.0, 2  (3.2) 

 90245.0
9

10,  (3.3) 

 
00006.0

11

250,  
(3.4) 

3.2 DLT   DLT
,

,,

,,
,

100 mm
0 400 mm

,,

, ,
,,  

 111109

4321

 
(3.5) 

 111109

8765

 
(3.6) 

1121 ,,,

(3.5) (3.6)  

 111094321  (3.7) 
 111098765  (3.8) 

(3.7) (3.8)
 

 

11

10

9

8

7

6

5

4

3

2

1

10000
00001

 

(3.9) 

( ) 

( ) 

  X 

Z Y 

 

 

 

 

 

 

神戸高専研究紀要第51号（平成25年）

－44ー



 

,
,,

(3.9)
 

2211
  

11

2

1

222222222

222222222

111111111

111111111

10000
00001

10000
00001
10000
00001

 

(3.10) 

(3.10)

 

1

 
(3.11) 

(3.11)

(3.5) (3.6)
 

411310291  (3.12) 
811710695  (3.13) 

(3.12) (3.13)
 

8

4

11710695

11310291  (3.14) 

A 1121 ,,,
,

B 1121 ,,,
, (3.14)
 

8

4

8

4

11710695

11310291

11710695

11310291

 (3.15) 

(3.15)
,,

 

1  (3.16) 

4.  

4.1   

3
 

 

3  

 

4.2   

4

XY XZ

 

 

 

 

 

 

 

 

 

 

 

4 XY XZ  
 
4.2.1   XY

X
Y

, (4.1) (4.2)
(4.3) Y

 

 22
 (4.1) 

  (4.2) 

 1800  (4.3) 

 

XY  

( ) 

XZ  

 

 

 

( ) 

論文／竹森・小林：画像センサによる三次元位置検出を用いた移動物体の軌道予測手法

－45－



 

4.2.2   XZ

5

X Z

X
Z

2

(4.4) 0 X

X   

2
42

1 2
42

2
 (4.4) 

(4.5) (4.6) (4.7)
1800)(

 

2)0(  (4.5) 

1 (4.6) 

12)1()(
 

(4.7) 

(4.8) (4.9)
  

1800)(
2  (4.8) 

2  (4.9) 

 
5 XZ  

 
4.3   (4.7) (4.8) (4.9)

X
Z

 

4.3.1   

6

10
 

4.3.2   

7

1 2

X 1 2
(4 .10)  

 
1

2

1

2
 (4.10) 

 

 
6  

 

7  

 
5.  

5.1   

8

/

 

2 

2 

 

 

1 

1 

 
 

X

Z 

 

 

  

 

X 

Z 

神戸高専研究紀要第51号（平成25年）

－46ー



 

 

(1)

DLT  

(2)

 

(3)

 

8
Case 1

Case 2 50
  

 
8  

 
5.2  

5.2.1  
DLT

1
4.3.1

8
Case 1  

1  

 

 

DLT

DLT

DLT

 

5.2.2  

2

8 Case 2  

2  

 
 

10 %
15 mm

9

Y 150 mm Z
300 mm

10

 

 
9  

 

 
10  

 
5.2.3  

3
 

 

論文／竹森・小林：画像センサによる三次元位置検出を用いた移動物体の軌道予測手法

－47－



 

3  

 

Case 2

60 80 mm

X

11 Case 2 Case 1

Case 2

12
Case 2
 

 

11  

 
12  

 
6.  

CCD DLT

XY XZ
XY XZ

XZ
X Z

DLT

 

 

 

(1) 

24
pp175-180, 2012  

(2) Taku senoo, Akio Namiki, Masatoshi Ishikawa: 
High-Speed Batting Using a Multi-Jointed 

Manipulator , Proceedings of the 2004 IEEE 
International Conference on Robotics & Automation, 
pp.1191-1196, 2004  

(3) 
pp.34-35, 2000  

(4) 3
16 mm

, . 6
pp.33-41, 1988  

神戸高専研究紀要第51号（平成25年）

－48ー




