
13 

   
    )MSRox(  

  
1*2  

1 -   

2-   

  

* 143- 14115  

mogaddam@modares.ac.ir  
) :1382  :1384(  

  

- MSRox    .

   - 

  -  

 -

  .  

450   9/82 1/54 2/29 

 10 15  . 

17     . 

MSRox  

MSRox   

    .  

  

:   .  

  

1-   
 

    

   

  

 

  .

     

 

 

  .  

    

. 

   

    . 

    

   .



 . . .   

14 

.   

  

  

  

    .  
1  RHex 

    

 SCOUT 

  ]1- 5[ .2 

    

]6[ .3  

  ]78[ .
4   Leg-Wheeled Robot 

 

]9[. 5   Mini-Whegs 

   

 ]1011[ .  

  

]12-14[.  

     

 

 

  .  

  

2- MSRox  
MSRox )1 ( 

                                                
1. Buehler 
2. Koyanagi  
3. Kalme  
4. Halm  
5. Quinn  

- )2 ( 

  

.   

 
1  MSRox  

  

 
2  -  

  

    -  

 

- 

 

 .  



  24  /1385 

15 

3-  -  
-   

 )a(  )b( 

)r(- 

)R () - 

-(  

 )2t (

3 .  

 3    - 
  

    -)R (

)a ()b (  

  )-1:(   

3

22 )( baR                                               )1(  

    - 

-   

 

-   

)4 .( a b 

  -

 )2 ()-2:(  

2

22 )(
max

ba
r                                       )2(  

     

- 

5 

-   .

 abR t  

-)3 (

) -3 :(  

  
 4   -  r )rmax(  

  

 5   -  r )rmin(  

  

ba

abaRtr
)()(

)(
min

3333

336
                 )3  (  

     -

   

  

   6 

 .   

ab r  

)

6 ( )-4 :(  

R
baabrart

6
333333

1
)()()(

max  

)4(  



 . . .   

16 

 6   -  t  

 
     

 -   

a b

)amax (

  .

) (

7 .   

  

 7   -  a   

 t  

  

    r R amax  

 )- 5:(   

22222 3 rRrbaa )(max                 )5 (  

     7 

 

  

    

)4 ( .

 

  

)max2t ( 7 

 .a b r   max2t 

  )-6:(   

)(

)((
max

22

222

2
2

3

ba

rbarr
t                         )6 (  

      t 

max1t 
max2t 

 

-  

 )5(t 

  :  

R
baabrart

6
333333 )()()(                    )7(  

    

 (cm2) 15*10 )

(cm2) 30*20 ((cm2) 4*4 

  - )(cm) 2t=( 

 - (cm) 13 

)(cm) 5/6r=( 

  - 1 

 .  

  

1   -  

 )cm(  

8/10 R 

10/4 tmax 

54/17 amax 

92/4 rmin 

35/9 rmax 

  

  



  24  /1385 

17 

4- MSRox  
4-1 -   

- 

  

   

  8 

 .   

 .  

  

 
 8   -   

  

  

    8  

  

 .

  

 

2 

  .- 

 9 .   

  

 
 9   -  

) ( ) (   

    F1x F2x   9 

   

-  

F1y  F2y 

-  

 N1 N2  

 - 

T1T2 

- 

r R ms 
s

  

 -

- 

 

 )R ms  s
   

- .(   

     9  o1 

o2   :   

))sin(()cos()( RrFRgmFT xsy 111
         )8(  

))sin(()cos()( RrFRgmFT xsy 222               )9(  

T1 T2   

))8( )9 ((:   

)cos()( RgmFFTT syy 22121        )10(  

)( 21 TT 

-  .

10 .   

 
 10     

  

    mb 10  .

10   :   



 . . .   

18 

gmFFF
byyy 210                 )11(  

)11 ()10 (:   

)cos()cos()( mgRgRmmTT
sb

221 )12(  

    m )12 (.  

  -

 :  

)cos()cos()( MgRmgRTTTall 22 21  )13(  

M )13 (.   

    )13 (

- 

  - 

)10 )(Cos (

11  

 .   

 
 11     

     

  

      

0 .   

)0 ()13 (

  - 

:  
MgRTall max][                                                    (14) 

)5/11  (

R  :   

(N.m)  18402/12=T  

    

- 18402/12

 .

- -

   

9917/1  -   

- 

- 

11 - :   

).(/// mN1173976991711840212  
  

4-2 -  

Working Model 

    

   

    . 

 26 -

   )16 (

 12    

 -  

-  .  

  12   

)- (

 

     

 )-  

 (.   

 - 

  .   

     

 

13   



  24  /1385 

19 

-

- .  

  

 

 
 12  - 

) ( -   

) (  

  

 

 
 13  - 

) ( -   

) (    
 

      13   

 )-   (

)- 

 ( .  

 - 

  .   

    12   

  

 14  .   

  

 
 14  - 

   

  

     14 

- 

 . 

-- 

 - .   

 

    

  

.   

     14 104/34 

 

 - - 

 :   

 -   

 -   

)(  

)(  

 )
(  

 )
(  

 )
(  

 )
(  

 )
(  

)(  

)(  

)(  

 -   

 -   

  -  



 . . .   

20 

).(/
/

// mNT 525712
72272

10434

60
2

26

10434  

- -- 

 

9917/1 -   

 -   

:   

).(/// mN2889699171525712  
 13  

  

 15   .   

  

  
 15  - 

  

  

 251/33 

 

- - 

 :   

).(/
/

// mNT 212512
72272

25133

60
2

26

25133  

- -   

- 

  :   

).(/// mN1317699171212512  

     

14 15  

  

   

 - 

   

-  

.   

     15 

 

- 

     

.    

 .

-

  ) ( 

Back-Drivable   

 

 - )

(  .   

     

  

- 2889/6 

 

   

RHex   

 )RHex 247/7 6 

DC  20 

33/1   614/3 

 (  

 ]15.[   

  

  

  

  -  

)(  

 )
(  



  24  /1385 

21 

5-  
  

  MSRox10 

15  

75/0   .  

 

  

 

16 .   

  

   

   

   

   
16   

   

 

 

MSRox 

  17 .   

 16 17  

 

   

  

   

.   

   

   

   

   
17     

   

  

6-  
  

  

    

54/17    .

 

 

18  .   

  

   

   

   

   

18   

   

2 3 

4 5 6 

7 8 9 

10 11 12 

1 

2 3 

4 5 6 

7 8 9 

10 11 12 

1 

2 3 

4 5 6 

7 8 9 

10 11 12 

1 



 . . .   

22 

 

  

19 .   

 

   

   

   

   
19   

 

  

 18 19   

 

    

   

   .  

  

7- -   
 -  

 - 

 - 

   

     

.   

     

   .

  

   

    

 

    

- MSRox 

.  

-   

-   

  

 

 .   

      

   

 

    

   

    .- 

  

20 . 

  

   
1 2 3 

   
4 5 6 

20   -  

 

    20  

-    

2 3 

4 5 6 

7 8 9 

10 11 12 

1 



  24  /1385 

23 

- 

  

 .

  21 .   
 

 

   
1 2  

   
   

21   -   
 

21  

  

-  

 - 

  

  

.   

  

8- MSRox 

-  

 .

   

 

 

 

  

 .   

    MSRox   

MSRox 

- 

  - 22  .   

  

Flexible 
MSRox 

   
Inflexible 
MSRox 

   
 1 2 3 

22   MSRox  MSRox 

   
 

 MSRox 

 23 .   
  

   
   

   
   

23    MSRox  

  

      

   

 

     .

3 23   

 

 

.   



 . . .   

24 

9 - MSRox  

  

     

    

  

 

  

 . 

  

  24 

.   

  
1 2 

  
3 4 

24  MSRox  
  

24  

.   

  

10- MSRox  

 8051 )ATMEL 89C51 ( 

  

.   

10-1 -  MSRox  
 

MSRox  

   

-  

  DC 24 

2 

.   
  

2   DC  

Purpose Output 
 (Watt) 

Gear Ratio 

12 Simple Wheels  12 16/1  
4 Star-Wheels 30 75/1  

 

- 

DC 24   .  
  

10-2 - MSRox  
MSRox     

 . 
1 )25 ( .

 

  

  .  

  

10-3 - MSRox  
 

 

)26 (

 

  

-

 .  

                                                
1. photoelectric sensor 



  24  /1385 

25 

 
25  MSRox  

 

26   MSRox   

  

11- MSRox  
MSRox  75/0 

  .

  

  MSRox 3 

]16.[   

 
 3    

  

)/(  
 

6/0  Raibert Biped 

75/0  MSRox 

5/1  Honda P3 

55/1- 0/1  RHex 

6/2  WL-12RIII 

3 Wheel-Leg Biped 

10 MelCrab-II 

   

 1  2 

  

   

    .

  MSRox 

  

 

 .   

  

12-    
   MSRox 

]12-14 [   

  

   

  

  

  .   

      

  

  

MSRox  

   

.   

- 

 ) (...-

 - 

MSRox II .   

  

                                                
1. Legged Robot  
2. Leg-wheeled Robot  



 . . .   

26 

13-   
- 1- R 

  )b,a (

- )R (- 1 

.  

  

  
- 1  3 

  

OCM  - 1   :   

OC=R & OCM= o30 RRCM
2
3

30)cos(   

                                                          ( -1 ) 

 :   

CMBC 2                                             (  -2 ) 

 )-1(  )-2 (   : 

( -1 ),(  -2 ) RBC 3                   (  -3 ) 

ABC :   

AB=b & AC=a  222 baBC 22 baBC    
                                                           (  -4 ) 

  )-3(  )-4 (  

:  

( -3 ),(  -4 )
3

22 baR              ( -5 ) 

  

- 2 -  maxr  

)b,a (-

  

)rmax (  

 - 2 .  

  

  
 - - 2  4  

  

OBM - 2   :   

OB=R & maxrBM & OBM = o30   

 RRr
2
3

30)cos(max                              ( -6 ) 

( -5 ) , (  -6 )  
2

22 barmax          ( -7 ) 

  

- 3 -  minr  

   )b,a (

- 

  

)rmin ( 

-  - 3 .  

ABC  - 3   :   

ACB + ABC = o90                     ( -8 ) 

OBC  )- 3 (

  :   

OBC = OCB = o30   
ACB = ' + o30  & ABC =  + o30   

                                                          ( -9 ) 

)-8 ()-9 (  :  

( -8 ) , (  -9 )  + '= o30 ' = o30 -      

                                                          ( -10 ) 



  24  /1385 

27 

- - 3  5  

  

ODC  - 3 

)- 10 (  :   

CO=R )cos()'cos( 30RRDC  ( -11 ) 

)-11 (AD    

- 3 :   

AD =AC-DC & AC = b )cos(30RbAD    
                                                         ( -12 ) 

:   

OB=R )sin(RAD                         ( -13 ) 

 )-12( )-13 (  

:   

( -12 ), ( -13 )  )cos()sin( 30RbR  

)]sin()cos([)sin(
2
1

2
3RbR  

 )cos()sin( RbR
2
3

2
3                 ( -14 ) 

 22

2
3

2
3 )]cos([)(sin RbR  

)cos()(cos))(cos( 22
22222 3

4
3

1
4
9 bRRbR  

X)cos( 03
4
3

4
9

4
9 222222 bRXXRbXRR

0
4
9

33 2222 )( RbbRXXR

2

224

3
9273

R
RbRbRX

R
bRbX

6
333 22    

&  22
22

22

3
33 abbabR )(

R
abX

6
33  

b=1.5a 040335133 aaab .)*.( X<0
0)cos(  oo 27090  

   )o90 ( 

R
abX

6
33

R
ab

6
33)cos(       ( -15 ) 

)-14 ( :   

( -14 ) )cos()sin(
3
3

3
2
R
b             ( -16 ) 

3
3

3
2

)cos(
)tan(

R
b                          (  -17 ) 

:   

FGBFrBG min                             (  -18 ) 

BEF   )- 3 (  

:   

)cos()cos(
tBEBF                              (  -19 ) 

HGF   ) - 3 (

  :   

minraHG & )tan(*HGFG

)tan()( minraFG                            ( -20 ) 

)-18(  )-19(  )-20 (

  :   

( -18 ),(  -19 ),(  -20 )  

)tan()(
)cos( minmin ratr                 ( -21 ) 

)-17()-21 (

  :   

( -17 ),(  -21 ) 

)
)cos(

)((
)cos(

minmin
3
3

3
2

R
bratr

min
min

)cos(
)( ra

R
rabtR

3
33

3
3

3
23        ( -22 ) 

 )-15 (  :   

( -15 ),(  -22 )  

min
min )( ra

ab
rabtR

3
33

3
3

33

46  

minminmin )()( arbraabbrabtR 33133443 2

min])()[()( rbaaabtR 3333336

ba
abatRr

)()(
)(

min
3333

336                       ( -23 ) 

 
 



 . . .   

28 

- 4 -  max1t 
)b,a (

- 

)
max1t (

  

-  - 4 .  

  

  
 - - 4   6  

  

 - 4 :   

FGBFrBG                                ( -24 ) 

 BEF   - 4   :   

)cos()cos(
max1tBEBF                             ( -25 ) 

HGF   - 4 

  :   

raHG & )tan(*HGFG

)tan()( raFG                                   ( -26 ) 

)-24(  )-25(  )-26 (

  :   

( -24 ) , (  -25 ) , (  -26 )  

)tan()(
)cos(

max1 ra
t

r

)sin()()cos(max1 rart                     (  -27 ) 

)-15(  )-16 (  

:   

( -15 ) , (  -16 ) 

)()sin(
R

ab
R
b

6
33

3
3

3
2

R
ab

6
33)sin(     

                                                       ( -28 ) 

)- 15(  )-27(  

)-28 (  :   

( -15 ) , (  -27 ) , (  -28 )  

))(()(max R
abra

R
abrt

6
33

6
33

1  

R
baabrart

6
333333

1
)()()(

max

R
baabarbart

6
3333

1
)()()(

max  ( -29 ) 

  

- 5 -  maxa  

 -

  

 - 5 .  

CAB  - 5   

:   

maxaAC & RBC 3 & AB=r  
222 3 rRa max  

223 rRamax                                   ( -30 ) 

 

- - 5  7  

  

- 6 -  max2t  

)b,a ( 

  



  24  /1385 

29 

 

) 5 (

 - 5 .   

CDE  - 5   :   

max2tDE & CD= r & ECD= o30   

)sin()cos()sin(max rrrt
2
3

2
1

302   

                                                         ( -31 ) 

CAB   - 5 

  :   

R
r

3
3)sin(  & 

R
rR

R
a

3

3

3

22
max)cos(  

                                                         ( -32 ) 

)-31(  )-32 (  

:   

( -31 ) , (  -32 )  

R
rrRr

R
r

R
rRrt

32

33
232

3 22222

2
)(

max
              

                                                         ( -33 ) 

)- 5 (:   

( -5 ) 2223 baR   ,  223 baR  

                                                        ( -34 ) 

)-33(  )-34 (  

:   

( -33 ) , (  -34 )  

22

222

2

2

3

ba

rrbart )(
max

                                         

                                ( -35 ) 

 

13 -   
[1]  Buehler, M.; “Dynamic Locomotion with 
One, Four and Six-Legged Robots”; Invited 
Paper; Journal of the Robotics Society of 
Japan; 20(3):15-20; April 2002. 
[2]  Moore,  E.  Z.;  Campbell,  D.;  Grimminger,  
F.;  Buehler, M.; “Reliable Stair Climbing in 
the Simple Hexapod 'RHex”; IEEE Int. Conf. 

on Robotics and Automation (ICRA); Vol. 3; 
pp 2222-2227; Washington; D.C.; U.S.A.; 
May 11-15, 2002. 
[3]  Moore, E.Z.; Buehler, M.; “Stable Stair 
Climbing in a Simple Hexapod”; 4th Int. Conf. 
on Climbing and Walking Robots; Karlsruhe; 
Germany; September 24 - 26; 2001. 
[4]  Saranli,  U.;  Buehler,  M.;  Koditschek,  D.  
E.; “RHex:  A  Simple  and  Highly  Mobile  
Hexapod Robot”; Int. J. Robotics Research; 20 
(7): 616-631; July 2001. 
[5]  Altendorfer, R.; Moore, E. Z.; Komsuoglu, 
H.;  Buehler,  M.;  Brown Jr.  H.  B.;  McMordie,  
D.; Saranli, U.; Full, R.; Koditschek, D. E.; 
“RHex: A Biologically Inspired Hexapod 
Runner” Autonomous Robots; 11: 207-213; 
2001. 
[6]  KOYANAGI. Eiji; YUTA, Shin’ich; “A 
development of a six wheel vehicle for indoor 
and outdoor environment”; Proceedings of the 
International Conference on Field and Service 
Robotics; pp.52-63; 1999-8; Pittsburgh. 
[7]  Wellman, Parris; Krovi, Venkat; Kumar, 
Vijay; Harwin, William; “Design of a 
Wheelchair with Legs for People with Motor 
Disabilities”; IEEE transactions on 
rehabilitation engineering; vol. 3; No. 4; 
December 1995. 
[8]  Krovi , Venkat; Kumar , Vijay; “Modeling 
and Control of a Hybrid Locomotion System”; 
ASME Journal of Mechanical Design; Vol. 
121; No. 3; pp. 448-455; September 1999. 
[9]  Halme, Aarne; Leppnen, Ilkka; Montonen, 
Miso ;Ylnen, Sami; “Robot motion by 
simultaneously wheel and leg propulsion”; 
Automation Technology Laboratory; Helsinki 
University of Technology; PL 5400; 02015 
HUT; Finland ; 2001 
[10]  http://biorobots.cwru.edu/ 
[11]  D.  Quinn,  Roger;  M.  Nelson,  Gabriel;  J.  
Bachmann, Richard; A. Kingsley, Daniel; Offi, 



 . . .   

30 

John;  E.  Ritzmann  ,  Roy;  “Insect  Designs  for  
Improved Robot Mobility”; Proc. 4th Int. 
Conf. on Climbing and Walking Robots; Berns 
and Dillmann eds.; Prof. Eng. Pub.; 69-76; 
2001. 
[12]  M. Dalvand, Mohsen; M. Moghadam, 
Majid; “Design and modeling of a stair climber 
smart mobile robot (MSRox)”; Journal of 
Robotic System (Wiley Canada); submitted in 
February 2003. 
[13]  M. Dalvand, Mohsen; M. Moghadam, 
Majid; “Stair Climbing in  a Wheeled Mobile 
Robot (MSRox)”; Proceedings of the 35th 
International Symposium on Robotics (ISR 
2004); Paris; Nord Villepinte; France; March 
2004. 

[14]  M. Dalvand, Mohsen; M. Moghadam, 
Majid; “Design and modeling of a stair climber 
smart mobile robot (MSRox)”; Proceedings of 
the 11th International Conference on 
Advanced Robotics (ICAR 2003); Coimbra; 
Portugal; June30-July3; pp. 1062-1067; 2003. 
[15]  http://ai.eecs.umich.edu/RHex/RHexversi
ons.html 
[16]  Moore, Z.; “Design a stair climbing 
controller”; Moore – Sample Projects 
 


