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Finding stable trajectory is amongst the pivotal subjects for bipeds, which are type of legged-
robots. To mimic human gait, biped robots are basically complex because of having numerous
Degrees of Freedom. The main goal of this paper is to design stable trajectory of gaits for link
robot via Zero Moment Point stability criteria. The robot used in this paper is composed of 16
active joints with two toe joint. One of the aspects of human walking to design longer strides is to
use status in which the foot is rotated about its toe joint. Here, gait type is utilized whereas the
entire sole of the support foot firstly touches the ground then rotates about its toe axis as an
active joint. To achieve an initial admissible equation for robot motions, constraint is used for
initial guess of pelvis motion. Then, by using novel algorithm, the trajectory of the joints is
calculated. Finally, by considering Zero Moment Point and trial-error algorithm, the desired
trajectory of the biped robot is obtained. 

Keywords:
Bipedal Robot 
Kinematics and Dynamics of Robot 
Zero Moment Point

  

1-   
  

 .  
 

 
  .

 
    

]1 .[  
    

    ]2.[       
   1960  1970 

 .    
 1973 

-1  . 1983 -
–10-  10  .

 4/4  
  10- 

 - –10–-  1984  3/1 
  .

   2000 
 .  4/1  

26    
 .

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
22

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             1 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.22.0
https://mme.modares.ac.ir/article-15-5006-en.html


    

    

  

140  1394157  

 ]3.[ 
1984]4[  

  .
 - 4

 
 .]5 [

 13 
 3 

 .
]6 [

 .  
            
               
              

          .  
               

 .      ]7 [     
               

             .
              
            .

   ]8 [         
                

              
             
          .  

          
    .       ]9 [  

             .
              

              
            .

              
        .   ]10 [  

             
   .          
             

         .   
]11 [        - -     

  .          
         .   

      1  )ZMP ( 
      .   ]12 [   
      HRP-2TJ       

1- Zero Moment Point 

           
        .  

]13 [            
 HRP-2LR            

HRP-2LT    .    ZMP     
        . ]14 [ 

          HRP-4C  
               

      .   ]15 [  
             

                
       .  
          

         ]16 [ 
             9  

     .        
            . 
    ]17[          

           
               
 . ] 18 [

 .
 .

ZMP

    ]19 [  
      

 .     
               
       .  

 .

. 
16 

 .
 .

 
 .

.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
22

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             2 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.22.0
https://mme.modares.ac.ir/article-15-5006-en.html


    

    

1394157  141  

2-   
1

 . 
2 

   
2 
 .

8 
    

  
 .3 

  .
  

 
  .

4
  

  

1 

2 

3 

  

4   

  
   . 

 1   .
   ]2021 .[

  
 ]2223 .[ 

 
 

     
 .

 .
 .

    2 

316   
   

   
 

 
 .

5  

3-   

)1 (

      jq    j    

1jZ     )1,2, ,16j.(  
  

1- Stance foot 
2- Hip 
3- Metatarsal 

)1(  T
1 2 16q q q q  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
22

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             3 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.22.0
https://mme.modares.ac.ir/article-15-5006-en.html


    

    

  

142  1394157  

  

5 

0 0 0X Y Z   0O   
 . 

- 1  .

  0O    -
 .
170 1  .

   
i i i i io x y z 

) 2 (   
)2(  1 2 1

i
j i i j jT A A A A  

)  2 ( 
) 3 (  

 )3(  
0
0 10 0

i i i i i i

i i i i i i

i i

i

i
i

i

C S C S S a C

S C C C S a S
A

S C d
 

) 3(C S cos  sin  .

iiia id - 
 

2   

1- Denevit- Hartenberg 

 1   
  mm(  

96  
 89  
 207  
 25/59  

392
 392  
 30  

190  
110  

4-   
 .

   
   .

  )  
 (

  
 .1970

2  
] 24 .[  -

 .   
  .

  
2 -   

i  ia  i  id    

1  1a  /2    1  

2 /2   /2  1L  2  

3 /2   /2    3  
4 4d 4  
5 5d 5  

6  /2  5r  6  

7 /2 /2  7  

8  8d 8  

9  /2  9  
10 /2 /2  10  

11 11 5d d 11  
12 12 4d d 12  
13  /2  11 5r r 13  

14 /2  /2 14  

15 /2 15 1a a  /2 15 1L L   15  

16 16 1d d   16  

2- Miomir Vukobratovic 

6 7,x z

7x

6z

0X

0Z
pL

1a

0d

pl

1x1z

1q

1L

3x

2 3,x z
2z

2q

3q
4q

8q

7q
6q

5q 4x

4z

5x

5z
8z

8x9z

10x

9 10,x z

11x
11z 12q

14z

14 12,x z
13z

12 13,x x

12d

11d

15q

14q
13q

9q

10q
11q

15x
15z

16q

4d

5d

16x 16z

8d
5r

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
22

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             4 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.22.0
https://mme.modares.ac.ir/article-15-5006-en.html


    

    

1394157  143  

 
   . 

  
) 4)  (5 (  .

 )   (  

)4(  1

0, 0
2

,
4

s

s

T
t

q
t T

)5(  1

0,
2

0,

s

s

Tt
q

t T
 

) 4)  (5( sT)  .4)  (5 (

  
  

 / 4   .
 3 1 ) 6 (
  

)6(  1
3 2

3 2

0, 0
2

4 ,
4 2

s

s
s

s s s

Tt
q t Tt t t t T

T T T

 

) 6 (16
  

) 7)  (8 (

)7(  16

, 0
4

0,
2

s
s

t
q

T
t T

)8(  16

0, 0

0,
2

s

t
q T

t

  
 / 4  

 
  .

16 ) 9 ()  .9 (
167

)9(  

3 2
3 2

16

4 , 0
4 2

0,
2

s

s s

s
s

Tt t t
T Tq t

T t T
 

 

 .

 

1
 

t(s)    

6 1

16
 

t(s)    

7 16

   .  
  

   0x  0z 
 .  

 ) 10 ( ]25.[  

)10(  1
2

d d ds s n n a a

) 10( sn  a   
 

  . ) 11 (  

)11(  0
16R s n a  

) 10(  y 
 

x z 
  .  

)12(  
0
0

x

y

 )sT( 
 )2 sD (70   .

  . .s aX . .s aY  
 .

 
  sT  

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

5

10

15

20

25

30

35

40

45

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
-45

-40

-35

-30

-25

-20

-15

-10

-5

0

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
22

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             5 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.22.0
https://mme.modares.ac.ir/article-15-5006-en.html


    

    

  

144  1394157  

 
  .

8 
  -

)  .13)  (16 (.

)13(  

1 1

. .

0 ,

cos sin , 0
4 4
0,

s

s a m

s s

D a L t

X t T
D a t T

 

)14(  

0 1

. .

1

cos cos , 0
4 4

0.13,
,

s a m

s

a L t

Y t T
L t T

 

)15(  . .

00,
0,s a

s

t
X

t T

)16(  . .

0, 0
0,
0.1,

s a m

s

t
Y t T

t T

80a 

0d 1L 

mT   
  .mT 5/0 

  
) 13)  (16(  4 

5 . .s aX . .s aY
) 17)  (18 (   

)17(  

4 3 2
. . 0.8803 3.0247 2.7764

0.3710
s aX t t t t

 

)18(  

5 4 3 2
. . 0.6939 1.1673 0.2442 0.1837

0.1048
s aY t t t t t

 

) 17)  (18(
 0x 0y 

 9 10   
] 26[

 

 .

 
8 

 .
) 19) (20)  (21 (  

)19(  . . const .s az

)20(  hip, 0z  

)21(  hip, 0x  

  .
  2q8q

9q  15q.  

] 27 [ .
 

  .
 

0x 0y 0z  .

 .

 .   

 

X a
(m

)
  

t(s)    

9 0x 

 

Y a
(m

)
  

t(s)    

10 0y 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.05

0.06

0.07

0.08

0.09

0.1

0.11

0.12

0.13

0a

1L
0X

0d

0Y

sD
45

0a

1L

0X
0d

0Y

sD
45

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
22

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             6 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.22.0
https://mme.modares.ac.ir/article-15-5006-en.html


    

    

1394157  145  

 0x 0z 

hipX hipZ  ) 22 ( )23 (  .   

)22(  hip hip hip zmpy yX t Y t X t g X t g  

)23(  0hip hip hipyg Z t Y Z t  

4-1-   

 11
 zmpZ  ) 24 (  

)24(  zmp2 2
p pl l

Z

 zmpX  
 

) 25)  (26 (
  

)25(  0 zmp 0 0
2

, s
p

Td X L d t

)26(  0 zmp 0,
2

s
s

Td X t T

 ) 24) (25)   (26 (
    

 )  27 (

0x    

)27(  

1

zmp

0

0,
2
0,

2
,

2

s

s

a t
TX t

d t T

 

)  27 (
 3) 28 ( 

0x    
)28(  3 2

zmp 0.171 0.2635 0.0445X t t t

zmp 0Z   
 0z    

)  22)   (23(

0x 0z  .

0y .
  

11 0x 0y    

0x0y 0z 
5 5 

3q4q5q6q 7q  . 
  

 
 

  .
5 3q4q5q6q 7q  

 . 

10q11q12q13q 14q 
   .

  .12
12

13 22 .

12   

pL

0X

0d

0Z

 

 

 

 

q3q4q5q6 q7 

q10q11q12q13 q14 

q10q11q12q13 q14 

) 22 (
)23(    

q3q4q5q6 q7 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
22

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             7 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.22.0
https://mme.modares.ac.ir/article-15-5006-en.html


    

    

  

146  1394157  

   .
 

   
 .

 : ) p8 138  -
.(  

) 13)  (22 (

 .  
  

 . 0x 0z 
)29)  (30 (28[.

)29(  zmp
i i i i i i iz izi i i

i ii

m x y m y g x I
X

m y g
 

)30(  zmp
i i i i i i ix ixi i i

i ii

m y g z m z y I
Z

m y g
 

)  29)   (30(g im ixI izI 
 0x 0zix

iyiz ix iz  

0x0y 0z    0x 

0z  

 

3
 

t(s)    

13 

 

4
 

t(s)    

14 

 

5
 

t(s)    

15 

 

6
 

t(s)    

16 

 

7
 

t(s)    

17   

 

10
 

t(s)    

18 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
22

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             8 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.22.0
https://mme.modares.ac.ir/article-15-5006-en.html


    

    

1394157  147  

11
 

t(s)    

19 

12
 

t(s)    

20   

13
 

t(s)    

21   

 

14
 

t(s)    

22    

  ) 31 ( 

)31(  
dX J q q J q q
dt

 

   ) 31 (  

)32(  
T

x y zX x y z

13 22) 29)  (30 ( 
  23 24 0x 0z  

  23 24  
) 24)  (26 (11 

 
  

5- 
9 

 .16 

 .

 .

  

 

X Z
M

P(
m

) 

t(s)    

23  0x   

 

Z Z
M

P(
m

) 

t(s)    

24  

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
-0.01

0

0.01

0.02

0.03

0.04

0.05

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

0.055

0.06

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
22

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             9 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.22.0
https://mme.modares.ac.ir/article-15-5006-en.html


    

    

  

148  1394157  

6 -   
[1] J.H. Park, H.C. Cho, An online trajectory modifier for the base link of

biped robots to enhance locomotion stability, in Proceeding of Robotics
and Automation ICRA ’00. IEEE International Conference, San Francisco,
Vol. 4, pp. 3353 3358, 2000.

[2 C. Chevallereau, G. Bessonnet, G. Abba, Y. Aoustin, Bipedal Robots:
Modeling, Design and Walking Synthesis New York: Wiley, 2008. 

[3 M. R. A. Saavedra, stable locomotion of humanoid robots based on mass
concentrated model PhD Thesis, University of Madrid, Madrid, 2008.

[4 H. Miura, I. Shimoyama, Dynamic walk of biped, International Journal
of Robotics Research Vol. (2)3.pp. 60-74, 1984.

[5 R. Naghibi, A. Akbarzadeh Tootoonchi, Design and control of 13 degree
of freedom of biped robot considering statistical curve of human
movement, in The 11th conference of Mechanical Engineering Tabriz
University, Iran, 2010.(In Persian) 

[6 R. Naghibi, A. Akbarzadeh Tootoonchi, Design and simulation of 14
degree of freedom of biped robot considering statistical curve of human
movement, in The 12th conference of Mechanical Engineering Babol, Iran,
2012.(In Persian)

[7] Q. Huang, K. Yokoi, S. Kajita, K. Kaneko H. Arai, N. Koyachi, K. Tanie,
Planning walking patterns for biped robot, IEEE Transactions on
Robotics and Automation Vol. 17, No. 3, pp.280-289, 2001.

[8] D. Tlalolini, C. Chevallereau, Y. Aoustin, Human-Like Walking: Optimal
Motion of Bipedal Robot With Toe-Rotation Motion, IEEE/ASME
Transactions on Mechatronics, Vol. 16 Issue: pp. 310-320, 2001.

[9] C.K. Ahn, M.C. Lee, S.J. Go, Development of biped robot with toes to
improve gait pattern, in Proceeding of Advanced Intelligent Mechatronics,
2003 IEEE/ASME International Conference Vol.2, pp. 729 734, 2003.

[10] L. Wang, Z. Yu, Q. Meng, Z. Zhang, Influence Analysis of Toe-joint on
Biped Gaits, In Proceedings of Mechatronics and Automation, the 2006
IEEE International Conference pp. 1631 1635 2006.

[11] Yu. Ogura, K. Shimomura, H. Kondo, A. Morishima, T. Okubo, S. Momoki,
H. O. Lim, A. Takanishi, Human-like walking with knee stretched, heel-
contact and toe-off motion by humanoid robot, In Proceedings of 
Intelligent Robots and Systems, IEEE/RSJ International Conference,
Beijing, pp. 3976 3981, 2006.

[12] R. Sellaouti, O. Stasse, S. Kajita, K. Yokoi, A. Kheddar, Faster and
Smoother Walking of Humanoid HRP- with Passive Toe Joints, in
Proceedings of Intelligent Robots and Systems, 2006 IEEE/RSJ
International Conference, Beijing, pp. 4909-4914, 2006.

[13] S. Kajita, K. Kaneko, M. Morisawa, S. Nakaoka, H. Hirukawa, ZMP-based
Biped Running Enhanced by Toe Springs in Proceedings of Robotics and
Automation, the 2007 IEEE International Conference Roma pp. 3963
3969, 2007.

[14] K. Miura, M. Morisawa, F. Kanehiro, S. Kajita, K. Kaneko, K. Yokoi,
Human-like walking with toe supporting for humanoids, in Proceedings
of Intelligent Robots and Systems (IROS), IEEE/RSJ International
Conference pp. 4428 4435, 2011.

[15] K. Yamamoto, T. Sugihara, Y. Nakamura, Toe joint mechanism using
parallel four-bar linkage enabling humanlike multiple support at toe pad
and toe tip, in Proceedings of Humanoid Robots, 7th IEEE-RAS
International Conference Pittsburgh, PA, pp. 410 415, 2007.

[16] E. Kouchaki, M.J. Sadigh, Effect of toe-joint Bending on biped gait
performance in Proceedings of Robotics and Biomimetics (ROBIO), IEEE
International Conference Tianjin, pp. 697 702, 2010.

[17] E. Kouchaki, M.J. Sadigh, C.Q. Wu, Effects of Constraints on Standing
Balance Control of Biped with Toe Joints, International Journal of
Humanoid Robotics, Vol. 9, No. 3, pp. 1250016(1-26), 2012.

[18] M. Ezati, M. Khadiv, S.A.A. Moosavian, Dynamics modeling of biped
robot with active toe joints, in Proceedings of Robotics and Mechatronics
(ICRoM), Second RSI/ISM International Conference Tehran, pp. 107-112,
2014.

[19] R.P. Kumar, N. Handharu, J. Yoon; G.S Kim, Hybrid toe and heel joints for
biped/humanoid robots for natural gait, in Proceedings of Control,
Automation and Systems, ICCAS '07 International Conference, pp. 2687
2692 2007

[20 S. Kajita, F. Kanehiro,K. Kaneko, K. Fujiwara, realtime pattern
generator for biped walking, in Proceeding of Robotics and Automation
ICRA ’02. IEEE International Conference pp. 31-37, 2002. 

[21 J. Denk, G. Schmidt, Synthesis of walking Primitive Database for
Humanoid Robot using Optimal Control Techniques in Proceedings of
IEEE-RAS International Conference on Humanoid Robots Tokyo, Japan,
pp. 319–326, 2001.

[22 Q. Wu, C.Y.A. Chan, Design of energy efficient joint profiles for planar
five-link biped robot in Proceedings 2001 IEEE International Symposium
Computational Intelligence in Robotics and Automation pp. 35 40, 2001.

[23 M. Cheng, C. Lin, Dynamic biped robot locomotion on less structured
surfaces, in Proceedings of Robotica pp. 163-170, 2000.

[24 M. Vukobratovi B. Borovac, V. Potkonjak, ZMP: review of some basic
misunderstandings, International Journal of Humanoid Robotics, Vol. 3,
No. 2, pp. 153-175, 2006.

[25 T. Wang, C. Chevallereau, D. Tlalolini, Stable walking control of 3D
biped robot with foot rotation, in Proceedings of Robotica Cambridge
University Press Vol. 32, No 4, pp. 551-570, 2013.

[26]J. Rose, J.G. Gamble, Human Walking Third Edition, Lippincott Williams
Wilkins, 2005.

[27 S. A. A. Moosavian, M. Alghoneh, A. Tokhmar, Stable Trajectory Design
for Biped Robot Locomotion, in The 15th International Conference of
Mechanical Engineering Theran, IRAN, 2007. (In Persion)

[28 M. Y. Shieh, C. S. Chen, C. H. Chuang, Y. R. Liou, J. H. Li, Gait detection
based stable locomotion control system for biped robots, Computers and
Mathematics with Applications, Vol. 64, No. 5, pp. 1431-1440, 2012.

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
22

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Tlalolini,%20D..QT.&searchWithin=p_Author_Ids:37395967200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Chevallereau,%20C..QT.&searchWithin=p_Author_Ids:37283553500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Aoustin,%20Y..QT.&searchWithin=p_Author_Ids:37273796700&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=3516
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=3516
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5689345
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Liquan%20Wang.QT.&searchWithin=p_Author_Ids:37311069000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Zhiwei%20Yu.QT.&searchWithin=p_Author_Ids:37712939000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Qingxin%20Meng.QT.&searchWithin=p_Author_Ids:37273404400&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Zhonglin%20Zhang.QT.&searchWithin=p_Author_Ids:37537910900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Ogura,%20Yu..QT.&searchWithin=p_Author_Ids:37282359100&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Shimomura,%20K..QT.&searchWithin=p_Author_Ids:37548400300&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kondo,%20H..QT.&searchWithin=p_Author_Ids:37546145500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Morishima,%20A..QT.&searchWithin=p_Author_Ids:37566054800&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Okubo,%20T..QT.&searchWithin=p_Author_Ids:38122304900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Momoki,%20S..QT.&searchWithin=p_Author_Ids:37658710500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Hun-ok%20Lim.QT.&searchWithin=p_Author_Ids:37272490100&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Takanishi,%20A..QT.&searchWithin=p_Author_Ids:37280756700&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Takanishi,%20A..QT.&searchWithin=p_Author_Ids:37280756700&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4058334
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Sellaouti,%20R..QT.&searchWithin=p_Author_Ids:38114087200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Stasse,%20O..QT.&searchWithin=p_Author_Ids:37295476000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kajita,%20S..QT.&searchWithin=p_Author_Ids:37269097500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Yokoi,%20K..QT.&searchWithin=p_Author_Ids:37283666300&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kheddar,%20A..QT.&searchWithin=p_Author_Ids:37293875300&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4058334
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4058334
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kajita,%20S..QT.&searchWithin=p_Author_Ids:37269097500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kaneko,%20K..QT.&searchWithin=p_Author_Ids:37270434700&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Morisawa,%20M..QT.&searchWithin=p_Author_Ids:37295668600&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Nakaoka,%20S..QT.&searchWithin=p_Author_Ids:37301912000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Hirukawa,%20H..QT.&searchWithin=p_Author_Ids:37283738400&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4209048
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4209048
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Miura,%20K..QT.&searchWithin=p_Author_Ids:37531084500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Morisawa,%20M..QT.&searchWithin=p_Author_Ids:37295668600&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kanehiro,%20F..QT.&searchWithin=p_Author_Ids:37283667500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kajita,%20S..QT.&searchWithin=p_Author_Ids:37269097500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kaneko,%20K..QT.&searchWithin=p_Author_Ids:37270434700&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Yokoi,%20K..QT.&searchWithin=p_Author_Ids:37283666300&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6034548
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6034548
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Yamamoto,%20K..QT.&searchWithin=p_Author_Ids:37557683600&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Sugihara,%20T..QT.&searchWithin=p_Author_Ids:38485495800&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Nakamura,%20Y..QT.&searchWithin=p_Author_Ids:37280754600&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kouchaki,%20E..QT.&searchWithin=p_Author_Ids:37845696600&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Sadigh,%20M.J..QT.&searchWithin=p_Author_Ids:37394147100&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5720496
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5720496
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kouchaki,%20E..QT.&searchWithin=p_Author_Ids:37845696600&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Sadigh,%20M.J..QT.&searchWithin=p_Author_Ids:37394147100&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Ezati,%20M..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Khadiv,%20M..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Moosavian,%20S.A.A..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6974595
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6974595
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kumar,%20R.P..QT.&searchWithin=p_Author_Ids:37672884200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Handharu,%20N..QT.&searchWithin=p_Author_Ids:37659253400&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Jungwon%20Yoon.QT.&searchWithin=p_Author_Ids:37293221200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Gap-soon%20Kim.QT.&searchWithin=p_Author_Ids:37291594800&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4406492
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4406492
https://dorl.net/dor/20.1001.1.10275940.1394.15.7.22.0
https://mme.modares.ac.ir/article-15-5006-en.html
http://www.tcpdf.org

