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In order to utilize robots for industrial tasks, designing suitable path is necessary. Executing the
path in the presence of obstacles makes the path planning task difficult one. In addition, path
planning is time consuming task and needs expertise to define certain path for each industrial
job. In this paper, by use of Jerk-minimum method, B-Spline curves, via-point, and obstacle
avoidance algorithm are used to automatically generate suitable and safe path for simulated
degrees of freedom industrial manipulator. user determines via-points for robot trajectory
using Kinect sensor then employing combination of Jerk-minimum method and B-Spline
curves, path is generated. This path is checked by an obstacle avoidance algorithm, and final
path is generated. The obstacle avoidance algorithm uses the inverse kinematic equation of the
robot to modify the robot trajectory. One advantage of the proposed method is it facilitates
trajectory planning for the user and creates smooth trajectory for the robotic arm.

Keywords:
Path planning optimization
Serial robots
Obstacle avoidance
Jerk-minimum method

  

1 -   
 

 .   
1 2  .

   
   

1- Cartesian space
2- Joint space

   
3  4   5 

6  ]  .1 [1984 
  
 . ] 2] [3[

3- Bezier
4- B-Spline
5- Cubic spline
6- Trajectory generation

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        –         7           

  

154  1394158  

] 4]  [5]  [6 [ 
  . 1 

    .
 ]  .4 [

2   3 
 ]  .7 [7 
  . 

    
 

    
 ] 8 [

 
 .

    
  . 

 . ] 9 [ ) 1 (

   

)1(min = 1

  
- 
- 
  .  

 
 .  

 . ]10 [- 
    .

  . - 
 

 . 
] 11 [  

  .
  

  ] 11 [ 
  .

  

 2   .
  

 .1994 ] 12 [
  

3  .  

1- Jerk
2- Link
3- Hopfiled 

 4 
    .

   .
2000 ] 13 [  

 . 
 . 

    5   
   . ]14 [

PRM6 7 
 

  
    

8   .
 .

 
  

  .
   

 ]15- 20.[  

 - 
    .

- 
  

 
  .

  . 
   .

  

  .
 

    .
-  

  .
 

  . 
9  10  

4- Configuration space 
5- Planar robot 
6- Probabilistic Roadmap 
7- Reinforcement learning 
8- Jacobian matrix 
9- Simmechanics 
10- Matlab

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        –         7           

1394158  155  

2 -   
2-1 - 

  1  
1   .2

- 2 
  .1 2 

   2-
] 4 [ 2  .  

-   

1   ) 
  

  
2   

1 

) 

11/0

31/0

345/0

545/0

84/0

1- Solidworks
2- Denavit-Hatenberg

2 -   

1000
290-0
3900
490-0
5900
690-00
79000
8000

 .
 1 ) 2 (

 -   

)2(

=    
C S 0

S C C C S S
S S C S C C

0 0 0 1
8 )  3 (

   
)3(=

 ) 3 (-
0 8) 4 (

)4(
=

0 0 0 1

 8 

  8 

   

2-2-   

 .
 

 .

 .

  . 

 .  .
3 ]21[ 

)3 ( 
 ) 5 (  

)5(
( ) ( ) ( ) ( ) ( ) ( ) 

= ( )

3- Piper

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        –         7           

  

156  1394158  

 ) 6 (  
)6(=

   ) 7 (
  

)7(
=

0 0 0 1
  

 .) 5 ( 
  )  8 (
 .   

 .  

)8(
= =

1

=

 ) 8 (
    .     

)9(= Atan2( , ) ± Atan2( + , )
  

)10(
= 2 = 2
= ( ) + +

  

)11(S = + S C = ± 1 S

)12(= Atan2(S , C )
   )  13 (

   
)13(= Atan2(S , C )

  
  
  
  
)14(

C =
( + S ) C ( ) + ( C + )

( + S ) C + ( C + )
 

S =
( C + )( ) ( + S ) C

( + S ) C + ( C + )

    .
  .

) 4( ) 15 (
  

  
)15(= =

) 15 ( 
   )  16( -

  

)16(
( ) ( ) ( ) 

=
)  16 ( 

 ) 17 (  
  

  
)17(

=  

=

 ) 17 .  (
) 16)  (17 (    . 

 ) 18 (   
)18(= Atan2(S , C )

  

)19(S = ± +
)20(C =

  
   

)21(= Atan2(S , C )
  

)22(S = S

)23(C = S
     

)24(= Atan2(C , C )
  

)25(S = S

)26(C = S
   

  . 2 = 8 
 .

  -
  .

  
  

   .
 )  4 ( )  27 (

   
  
  
)27(

=

C S 0
S C 0
0 0 1
0 0 0 1

 )  27 (
8 

   .   
  )  27)   (5)   (26 (

 .  

  . 
Atan2 , 40 < < 40 

 
   

  

3 -   
3-1 - 

  
  

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        –         7           

1394158  157  

   .

   .
3 ( ) 

3 ( )  .
  .

   

3-2 -  - 
 - 

  . ]22[ 
 ) 28 ( .  

)28(= min ( )

   
  

 
  .   

| ( )| , = 1, … ,
| ( )| , = 1, … ,

)29(| ( )| , = 1, … ,
   

   . 
    

  . 
 

  .   
   .

   
  
3-3 -   -    

 5    

3  ( )  
 ( ) 

   

 
 .
  .  

 )  
       .

    .]23:[  

)30(( ) = , ( )

  

, ( ) = , ( ) + , ( )

)31(= 1, … ,

)32(
, ( ) =

1,
0,
0,

< ,
< ,

=
) 30(  )  .32 (

   )  31 (
 . 

   = { , … , }

     .
 + 1 

  .
   . +

1  ] 24.[  
 

   2  
  .
     . 

 + 2    
   

+ 1  
+ 1   .+ 2 

+ 2     
       .
  ) 33 (   

)33(= + 2 + 2 = + 2 + 10 = + 12
   . 

+ 1 + 12 ( 5 
+ 6   

, ( = 1, … , )    
, ( = 1, … , ) ) 34 (  

  
)34(

( ) = , ( )

5 4 
  6 5  

   .
, ( = 1, … , 1)  , ( =

1, … , 2) ) 35 ( ]10.[  

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        –         7           

  

158  1394158  

   
)35(

= ( ) , 

= 1, … , 1
) 36 (   

  
)36(

( ) = , ( )

) 37 ()38 (  
)37(=
)38(=

  ( =

1, … , 2)  , ( = 1, … , 4)   
   

  
)39(

=
1

( ) ,  

= 1, … , 2
) 40 (   

  
)40(

( ) = , ( )

  
)41(=
)42(=

  .
, ( = 1, … , 3)  

, ( = 1, … , 6)      

  
)43(

=
2

( ) ,  

= 1, … , 3
) 44 (   

  
)44(

( ) = , ( )

  
)45(=
)46(=

  .
= = = = = = 0   .   

    
 ., = 1, … , 
 ) 47 (  

  
)47(, ( ) = , = 1, … ,

) 35) (37) (38) (39) (41) (42) (43(
)45) (46)   (47(+ 6 + 6  )  48 (

  .
+ 6     

   

+ =

+ + =
+ + + =

, ( ) = , = 1, … ,

+ =

+ + =

)48(
+ +

+ =
, , ( = 1,2, … , ) 

   ) 2 (  .
 

 ]10.[  
  

)49(
| | , | | , | |  

= 1, … ,

3-4 -   
  

 
)50(= , , … ,

, ( = 1,2, … , 1) 
   . 

  .

  .  
)51(+ + + =

   
   

  .  .
) 52 (   

)52(= , , … , , + + + =
, ( = 1,2, … , 1)  

 )  .52 ( 
 .  

  
   

4 -   
4 -1- 

 
  

  . 4 
  .

  . 
  

 ) , , (
 ) 53 ( 

+  
+

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        –         7           

1394158  159  

)53(+
    .

    .
 

  .5 
    .

  20  8 
8 12     

4 -2 -   
   

   .  
  6 

 ] 19.[    
  

6    .   
)54(= =

> 0    .  
)55(=

  
)56(= ( )

)57(= ( + )/(2 )
3    

 – 0 <    
  )  (   

 –      
 )  (   
  

 

4    

 

5    

 – 0     
 )  (   
3  7 

     
   

   
   
   

 
      

)  58(59)   (60 (
  

)58(> 0.11m
)59(> 0.11m
)60(> 0.07m

4 -3 -   
    

atan2   . 
 40 < < 40 

  .  
    .

  
    

40 < < 40 
   

  .
  

  

  
  

6 )    
] (19[

7    

(a) (b) (c)

L L O
O

L O

M2 N2

M3

N3M1

N1

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        –         7           

  

160  1394158  

  
  

  
  .

 8    

5 -   
  

  
3   .  

 9   
4 

  .3 
100  .  

  
10    11 

  .   
   

  
)61 (
  

3   
 (m)(m)(m)

3601/04121/00301/0
3602/04122/00756/0
3203/04201/01503/0
5021/04331/01543/0
5111/02903/01774/0
5211/02256/01905/0

  

8   

4   
) ) ) ) ) ) )

0 2/86 5/4 8/105 6/20 8/12 - 9/28
1/5 92 4/4 100 2/20 9/12 - 9/28
5/11 7/101 7/4 7/91 2/19 2/14 - 7/32
6/20 6/104 2/2- 9/70 6/25 9/4 8/20
6/25 6/105 2 3/79 8/21 3/5- 6/9

32 1/107 8/2 9/79 21 5/7- 4/3

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        –         7           

1394158  161  

9   

  

10   

  
11    

  
)61(

0.25m 0.4m 
0m 0.1m
0.1m 0.35m

5   .

 . 
) 12  .(  

 8 
5   .

  .13 
   . 

    .
  .  

 
0.5209
0.4126
0.1542

 

  .  8 
 

  .
  6   .

 
 

  
 .

14   .
14 

10 

 
12    

  
13  

y )( x )(

4

1 2 3

65

z
)

(

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        –         7           

  

162  1394158  

14    

  )  50 (
3-4  )  28 (

5.3153 × 10  
3.1011 × 10   . 15 

  16  
   ) 100  (

  .  

6 -    

  . 
 

   - 
    .

  . 
  

  

  
  

  

  
  

  
  

  
  

  

  

15  ( ) 7 
  

  
  

  
  

  

0 0.5 1 1.5 2 2.5 3
0

10
20
30
40

0 0.5 1 1.5 2 2.5 3
-20

-10

0

10

0 0.5 1 1.5 2 2.5 3
14
16
18
20
22
24

0 0.5 1 1.5 2 2.5 3
70
80
90

100
110

0 0.5 1 1.5 2 2.5 3
-2
0
2
4
6

0 0.5 1 1.5 2 2.5 3
80

90

100

110

0 0.5 1 1.5 2 2.5 3
0

10
20
30
40

0 0.5 1 1.5 2 2.5 3
-30
-20
-10

0
10
20

0 0.5 1 1.5 2 2.5 3
-20

0
20
40
60

0 0.5 1 1.5 2 2.5 3
-20
-10

0
10
20

y )(
x )(

z
)

(

(s)

(d
eg

)

( )

(d
eg

)

(s)

(d
eg

)

(s)

(d
eg

)

(s)

(d
eg

)
(d

eg
)

( )

(s)

(d
eg

)
(de

g s
) 

(s)

(de
g s

) 

( )

(s)

(de
g s

) 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        –         7           

1394158  163  

  
  

  
  

  

16  7   

5    
)  )  )  )  )  )  )
6/20 4/104 1/1- 8/71 2/15 4 8/28

6   
)  )  )  )  )  )  )

0 2/86 5/4 8/105 6/20 8/12 - 9/28
1/5 92 4/4 100 2/20 9/12 - 9/28
5/11 7/101 7/4 7/91 2/19 2/14 - 7/32
6/20 4/104 1/1- 8/71 2/15 4 8/28
4/21 5/104 1/1- 5/71 2/15 2/4 4/26
6/25 6/105 2 3/79 8/21 3/5- 6/9

32 1/107 8/2 9/79 21 5/7- 4/3
  
7 - 

[1] R. Paul and H. Zhang, "Robot motion trajectory specification and
generation," in Robotics Research: The Second International Symposium
vol. 3, Kyoto, 1985, pp. 373–380.

[2] A. J. Koivo, Fundamentals for Control of Robotic Manipulators.: John Wiley
Sons, 1989.

[3] R. E. Parkin, Applied Robotic Analysis.: Prentice Hall, 1991.
[4] J.J. Craig, Introduction to Robotics: Mechanics and Control 3rd ed.:

Pearson Prentice Hall, 2005.
[5] M.W. Spong, S. Hutchinson, and M. Vidyasagar, Robot Modeling and

Control.: John Wiley Sons, 2006.
[6] R.N. Jazar, Theory of Applied Robotics: Kinematics, Dynamics, and Control

2nd ed.: Springer, 2010.
[7] J. Angeles, Fundamentals of Robotic Mechanical Systems 3rd ed.:

Springer, 2007.
[8] C.-H. Wang and J.-G Horng, "Constrained minimum-time path planning

for robot manipulators via virtual knots of the cubic B-spline functions,"
IEEE Transactions on Automatic Control vol. 35, no. 5, pp. 573-577, May
1990.

[9] D. Constantinescu and E. A. Croft, "Smooth and time optimal trajectory
planning for industrial manipulators along specified paths," Journal of
Robotic Systems vol. 17, no. 5, pp. 233-249, 2006.

[10] A. Gasparetto and V. Zanotto, "A new method for smooth trajectory
planning of robot manipulators," Mechanism and machine theory vol. 42
no. 4, pp. 455–471, 2007.

[11] P. Huang, Y. Xu, and B. Liang, "Global minimum-jerk trajectory planning
of space manipulator," International Journal of Advanced Robotic Systems
vol. 4, no. 4, pp. 405-413, 2006.

[12] R. Glasius, A. Komoda, and S. C. A. M. Gielen, "Neural network dynamics
for path planning and obstacle avoidance," Neural Networks vol. 8, no. 1,
pp. 125 -133, 1995.

[13] S. X. Yang and M. Meng. "Real-time collision-free path planning of robot
manipulators using neural network approaches," Autonomous Robots
vol. 9, no. 1, pp. 27-39, 2000. 

[14] J.-J. Park, J.-H. Kim, and J.-B. Song, "Path Planning for robot manipulator
based on probabilistic roadmap and reinforcement learning,"
International Journal of Control, Automation, and Systems vol. 5, no. 6, pp.
674-680, 2007.

[15] A. A. Maciejewski and C. A. Klein, "Obstacle avoidance for kinematically
redundant manipulators in dynamically varying environments," The
international journal of robotics research vol. 4, no. 3, pp. 109-117, 1985.

[16] M. Pourazady and L. Ho, "Collision avoidance control of redundant
manipulators," Mechanism and machine theory vol. 26, no. 6, pp. 603-
611, 1991.

[17] K. Glass, R. Colbaugh, D. Lim, and H. Seraji, "Real-time collision
avoidance for redundant manipulators," Robotics and Automation, IEEE
Transactions vol. 11, no. 3, pp. 448-457, 1995

[18] B. Daachi, A. Benallegue, T. Madani, and M. E. Daachi, "Neural networks
for redundant robot manipulators control with obstacles avoidance,"
Journal of Robotics and Mechatronics vol. 16, no. 1, pp. 90-96, 2004. 

[19] Y. Zhang and J. Wang, "Obstacle avoidance for kinematically redundant
manipulators using dual neural network," Systems, Man, and
Cybernetics, Part B: Cybernetics, IEEE Transactions vol. 34, no. 5, pp.
2126-2132, 2004. 

[20] F. Najafi, M. Karimi, and M. Ghayour, "Optimal Trajectory Planning and
Obstacle Avoidance of Manipulator in the Presence of Ellipsoidal
Obstacles Using Genetic Algorithms," Mechanics, Journals of Modares vol.
10, no. 4. February 2011, pp. 75-84. (In Persian) 

[21] D. L. Peiper, The kinematics of manipulators under computer control
Unpublished Ph.D Thesis, Stanford University, 1968.

[22] S. Tanaka et al., "Minimum-jerk trajectory generation for master-slave
robotic system," in Biomedical Robotics and Biomechatronics (BioRob),
2012 4th IEEE RAS EMBS International Conference on. IEEE 2012, pp.
811-816.

[23]C. De Boor, Practical Guide to Splines New York: Springer-Verlag, 1978.
[24] T. Lyche, K. Mørken, Spline methods draft Department of Informatics,

University of Oslo, Accessed 20 July 2014 http://heim. ifi. uio.
no/knutm/komp04. pdf 

0 0.5 1 1.5 2 2.5 3
-60
-40
-20

0
20

0 0.5 1 1.5 2 2.5 3
-20

-10

0

10

0 0.5 1 1.5 2 2.5 3
0

10
20
30
40
50

0 0.5 1 1.5 2 2.5 3
0

10
20
30
40

(s)

(de
g s

) 

(s)

(de
g s

) 

(de
g s

) 

( )

(s)

(de
g s

) 

www.sid.ir

