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A b s trac t :  A  h a p t ic  s te e r in g  s y s te m  w h ic h  re f le c ts  s te e r in g  re a c tio n  to rq u e  h a s  b e e n  d e v e lo p e d  fo r  a  f ix e d  b a s e  v e h ic le  
s im u la to r . T h e  h a p tic  s te e r in g  sy s te m  c o n s is ts  o f  a  s te e r in g  e f fo r t  s e n s o r , M R -c lu tc h ,  A C  s e rv o  m o to r  a n d  c o n tro l le r .  In  
o rd e r  to  g e n e ra te  re a l is t ic  s te e r in g  to rq u e  fe e l  to  d r iv e r  a n d  a t  th e  s a m e  t im e  to  m e e t r e a l- t im e  s im u la tio n  re q u ire m e n t,  
3 D  to rq u e  m a p  is  c o n s tru c te d  b y  e x p e r im e n ta l  d a ta  a n d  to rq u e  g e n e ra tio n  a lg o r ith m  u s in g  th e  to rq u e  m a p  h a s  b e e n  a ls o  
d e v e lo p e d . 3 D  to rq u e  m a p  is  c o n s tru c te d  u s in g  c u rv e  f i t t in g  a n d  in te rp o la tio n  o f  th e  m e a su re d  v a lu e s  o f  th e  s te e r in g  
a n g le , v e lo c i ty  a n d  s te e r in g  to rq u e  f ro m  a c tu a l  s la lo m  te s t  o n  th e  p ro v in g  g ro u n d .  In  o rd e r  to  c a r ry  o u t p e r fo rm a n c e  te s t  
o f  th e  d e v e lo p e d  h a p tic  s te e r in g  sy s te m , a  f ix e d  b a se d  v e h ic le  s im u la to r  is  c o n s tru c te d  b y  in te g ra tin g  re a l  t im e  v e h ic le  
d y n a m ic s  m o d u le ,  V R -v id e o /a u d io  m o d u le , a n d  th e  h a p tic  s te e r in g  sy s te m . S te e r in g  to rq u e  a n d  s te e r in g  a n g le  c u rv e s  
h a v e  b e e n  o b ta in e d  f ro m  v ir tu a l  te s t in g  in  th e  v e h ic le  s im u la to r  a n d  p e r fo rm a n c e  o f  th e  h a p t ic  s te e r in g  sy s te m  h a s  b e e n  
e v a lu a te d .

K e y  w o rd s  :  V e h ic le  s im u la to r ( ) ,  H a p tic  s te e r in g  sy s te m ( ) , R e a l- t im e  s im u la t io n
( )
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Fig. 1 Haptic steering system

Table 1 Specifications for components of Haptic steering 
system

T y p e S p e c

A C  s e r v o  
m o to r

Y a s a k a w a  
C o .

S M M P -0 2 A 3 1 2
S G D A - 0 2 A S  

( D r iv e r )

:0 .6 3 7 N m

:3 0 0 0 rp m

M R  b ra k e L o a d  C o .
R o ta r y  b ra k e  

(M R B -2 1 0 7 -3 )

M a x  o n -s ta te  to rq u e  
:5 0 in - lb

M a x  o p e ra tin g  s p e e d  
:1 0 0 0 rp m

G e a r  
re d u c e r

H a rm o n ic  
d r iv e

H a rm o n ic  d r iv e  
C S R 2 5

R e d u c in g  ra t io  :1 0 0 /1
M a x  a l lo w a b le  in p u t   
v e lo c i ty  :  4 0 0 0 rp m

Fig. 2 Procedure for torque map generation
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Fig. 3 Conceptual flow for haptic steering system of a low 
cost vehicle simulator
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Fig. 4 Slalom test results

Fig. 5 Slalom test results in 3D space
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Fig. 6 Three dimensional torque map
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Fig. 7 Torque generation algorithm
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Fig. 8 Virtual Slalom test

Table 2 RMSE in virtual test

V e h ic le  
v e lo c i ty (K m /h )

1 0 2 0 3 0 4 0 5 0 6 0

R M S E 0 .4 5 4 2 0 .3 2 7 5 0 .4 1 0 2 0 .3 9 5 9 0 .2 9 6 7 0 .3 9 5 8
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Fig. 9 Comparison with real data and simulation data
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