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We c a l l t he l a s t one an IDW method. Robots w i t h 
AK TRACT JDW ^ e g systems are w i d e l y used because, w i t h o u t 

any separa te s t e e r i n g mechanism, they can move to 
any p o i n t by a comb ina t ion of r e v o l v i n g and go ing 
s t r a i g h t . 

T h i s paper d iscusses how to c o n t r o l and 
d e s c r i b e t he smooth movement of a mob i le r o b o t 
wh ich has two independent d r i v i n g wheels (iDWs) 
t h a t pe r fo rm bo th s t e e r i n g and moving f u n c t i o n s . 
Robots which have an IDW l e g system can move to any 
p o i n t by u s i n g any combina t ions of two bas ic 
o p e r a t i o n s : r e v o l v i n g and go ing s t r a i g h t . 

I t i s easy t o d e s c r i b e movement w i t h two bas i c 
o p e r a t i o n s o n l y , bu t t h i s may not be s u f f i c i e n t to 
guarantee smooth m o t i o n . For i n s t a n c e , when the 
r o b o t i s mov ing , a s l i g h t m o d i f i c a t i o n t o i t s t r a c k 
d i r e c t i o n i s i m p o s s i b l e w i t h o u t s t opp ing i t . 
Smooth mot ions a re a l s o needed f o r m i n i m i z i n g t he 
t ime r e q u i r e d to complete the movement. 

T h e o r e t i c a l l y , an IDW l e g system can draw a 
c i r c u l a r t r a c k w i t h r a d i u s 0 - « i f one c o n t r o l s 
t h e r a t i o o f the two wheel speeds. Th is p r i n c i p l e 
u n d e r l i e s much o f t he des ign o f t h i s c o n t r o l 
system. 

The c o n t r o l system desc r i bed in t h i s paper 
uses t h r e e bas i c mot ion commands, supplemented by 
o t h e r commands t h a t suppor t t h e s e . A language has 
been des igned f o r d e s c r i b i n g l e g c o n t r o l 
a l g o r i t h m s . Examples o f the usage o f these 
commands and t h e language are shown he re . 

0. INTRODUCTION 

Severa l mob i le r o b o t s have been developed f o r 
AI r e s e a r c h . T h e i r mob i l e mechanisms have two 
e s s e n t i a l f u n c t i o n s : 
(1 ) to ensure smooth movement, and 
(2) t o know the c u r r e n t p o s i t i o n and d i r e c t i o n i n 

the w o r l d . 
S t e e r i n g methods pe r fo rm t h e f i r s t f u n c t i o n by one 
o f t he f o l l o w i n g schemes: 
(1 ) s t e e r i n g and moving by d r i v i n g wheels and 

s t e e r i n g whee ls . 
(2 ) s t e e r i n g and moving by d r i v i n g wheels t h a t 

have a s t e e r i n g f u n c t i o n [ l ] . 
(3 ) s t e e r i n g and moving by two independent d r i v i n g 

wheels (IDWs) t h a t make the robo t move in any 
a r b i t r a r i l y s e l e c t e d d i r e c t i o n [ 2 ] [ 3 ] [ ^ 1 . 

Th i s research was suppor ted by g r a n t s in a i d f o r 
s c i e n t i f i c research f rom t h e M i n i s t r y o f Educa t ion 
o f t h e Japanese Government. 

I t i s easy t o ach ieve movement us i ng o n l y 
these two bas i c o p e r a t i o n s , bu t t h i s does not 
guarantee smooth m o t i o n . For i n s t a n c e , when t h e 
r o b o t i s mov ing , a s l i g h t m o d i f i c a t i o n t o i t s t r a c k 
d i r e c t i o n r e q u i r e s s t o p p i n g t h e f o r w a r d m o t i o n . 
Smooth mot ions are u s e f u l to m in im ize t h e t ime 
r e q u i r e d to complete t he movement. 

T h e o r e t i c a l l y , an IDW l e g system can draw a 
c i r c u l a r t r a c k w i t h any a r b i t r a r y r a d i u s 0 ~ °°, 
g i ven c o n t r o l o f t h e r a t i o o f the two wheel speeds. 
Fu r t he rmore , the r a d i u s o f t h e t r a c k can be changed 
smooth ly by i n c r e a s i n g or dec reas ing the wheel 
speeds w i t h cons tan t a c c e l e r a t i o n . I n o rde r t o 
c o n t r o l these c a p a b i l i t i e s , t he command system 
desc r i bed in t h i s paper has been des igned and has 
been i n s t a l l e d on a mob i l e r o b o t , Yamabico 3.1 [ 6 ] . 

Yamabico 3.1 has two microcomputer systems for 
the b r a i n and the l e g s , and has a communicat ion 
channel between the two . When the robo t is to go 
to a d e s t i n a t i o n , p a t h f i n d i n g and command sequence 
p l a n n i n g a re executed by the b r a i n , w h i l e t he l e g 
subsystem per forms low l e v e l motor c o n t r o l 
f u n c t i o n s . A s i m i l a r f u n c t i o n a l d i s t r i b u t i o n i s 
used on t h e r o b o t r e p o r t e d i n r e f e r e n c e [ 5 ] . 

1. TH£ LEG STATUS 

Impor tan t i n f o r m a t i o n about t h e mo t i on o f t h e 
robo t i n c l u d e s i t s p o s i t i o n , d i r e c t i o n , v e l o c i t y 
and t r a v e l l i n g d i s t a n c e , and t h i s i s c a l l e d l e g 
s t a t u s . The b r a i n i ssues commands to t he l e g 
subsystem to r e f e r e n c e and update the l e g s t a t u s 
and to c o n t r o l movement, u s i n g t he i n t e r f a c e 
channel between these two subsystems. The l e g 
subsystem con f i rms to the b r a i n t h a t each command 
has been execu ted . V a r i a b l e s o f t h e l e g s t a t u s a re 
l i s t e d i n Tab le 1 . 

Th i s i n f o r m a t i o n can b e d i v i d e d i n t o s t a t i c 
and dynamic i n f o r m a t i o n . S t a t i c i n f o r m a t i o n 
i n c l u d e s : 

( l ) The p o s i t i o n o f t h e r o b o t 
A p o i n t C in t h e r o b o t i s d e f i n e d as t h e 

cen te r o f t h e r o b o t . A d i r e c t i o n D is d e f i n e d on 
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Opera t ions o f t he mot ion commands a re 
desc r i bed i n 2 . 2 . 1 . S e c t i o n 2.2.2 d e s c r i b e s 
opera t ions ; o f the c o n t r o l commands. 

2.2.1 Mot ion Commands 

The motion command causes the robot to do the 
designated movement. The command is in terpreted 
and executed when the command is placed in the 
f i r s t pos i t ion of the FIFO storage. When the 
terminat ing condit ion is s a t i s f i e d , the current 
command is terminated and the next command occupies 
the f i r s t pos i t ion of the FIFO storage. 

There is a t rans ient state between the 
execution of two commands. In a t rans ient s ta te , 
each dr iv ing wheel moves with uniform accelerat ion, 
as discussed l a t e r . 

The motion command consists of three 
spec i f i ca t ions : an operat ion, a speed 
spec i f i ca t i on , and a terminat ing cond i t ion ; the 
last of these can be omit ted. There are three 
operations: going s t r a i gh t , moving along a c i r c l e 
of radius r, and revolv ing. The speed 
spec i f i ca t ion determines the speed of the robot 's 
center when it is going s t ra ight or moving on a 
c i r cu la r path, and the speed of the r i gh t wheel 
when the robot is revolv ing. 

The operation and the speed spec i f i ca t ion of 
the command j o i n t l y determine two other values: the 
steady-state r igh t and l e f t wheel speeds. These 
are cal led the r i gh t target speed ( r t s ) and the 
l e f t target speed ( i t s ) , respect ive ly . 

Each command in t he sequence from the b r a i n is 
accepted b y the l e g subsystem i n i t s o r d e r i n t h e 
sequence. Each mot ion command in a command 
sequence i s s to red i n a f i r s t i n f i r s t ou t (FIFO) 
s t o r a g e and each c o n t r o l command is immedia te ly 
executed by -pass i ng the FIFO s t o r e . A f t e r the 
f i r s t command in the s to rage is executed and 
t e r m i n a t e d , i t i s d i sca rded and the next command 
i s taken to be p rocessed. I f t he re e x i s t no 
commands in t he FIFO s t o r a g e , t h e command 
' g o s f r a i p . h t in 0 ' i s execu ted ; t h i s command never 
t e r m i n a t e s . 
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(5) Terminating condit ions 
While the command is being executed, the leg 

subsystem examines the terminat ing condi t ion. If 
the condit ion is sa t i s f i ed then the command is 
terminated. If the condit ion has the format v = k, 
where v is a var iable in the leg status speci f ied 
by the <variable 1>, then the value of v, 
va lue(v ) , is compared wi th k. The condit ion is 
sa t i s f i ed i f value(v) is greater than or equal to 
k when value(v) is increasing, or if value(v) is 
less than or equal to k when the value(v) is 
decreasing. 

The condit ion 'speed = vl ' is sa t i s f i ed if 
the speed of the robot 's center is equal to the 
speci f ied value in the case of gostraight and turn 
commands, or if the speed of the r igh t wheel is 
equal to the speci f ied value in the case of the 
spin command. 

The condit ion STR is sa t i s f i ed if the robot 
goes s t r a i g h t , which occurs when the two dr i v ing 
wheels have equal speed. The condit ion CMS is 
sa t i s f i ed if both d r i v ing wheels have zero 
accelerat ion. 

Some terminating condit ions may remain 
unsat is f ied i n d e f i n i t l y . The terminating condit ion 
can be omit ted. If the command has no condit ion 
then i t is not terminated. 

The acceptance and the execu t i on o f c o n t r o l 
commands do not mod i fy t h e s t a t e of t h e FIFO 
s to rage and the e x e c u t i o n s t a t e o f the mot ion 
command, except f o r t e r m i n a t e and cance l commands. 
The o p e r a t i o n s of the c o n t r o l commands are as 
f o l l o w s : 

(1 ) Get command 
The va lue o f t h e v a r i a b l e , s p e c i f i e d by 

< v a r i a b l e 1>, o f t h e l e g s t a t u s i s r e t u r n e d as a 
r e p l y . The r e t u r n e d va lue i s the va lue the l eg 
s t a t u s has a t t h a t moment. 

For example, ' ge t (SS) ' r e t u r n s t h e va lue o f 
the odometer . 

(2 ) Update command 
The command w r i t e s t h e va lue o f t h e v a r i a b l e 

o f t he l e g s t a t u s s p e c i f i e d by < v a r i a b l e 2>. 

For example, ' upda te (XX, 0 ) ' se ts XX to 0. 

(3 ) Set and r e s e t commands 

The l e g subsystem always m o n i t o r s t h e 
t r a v e l l i n g d i s t a n c e , t he d i r e c t i o n o f t he r o b o t , 
and the o t h e r v a r i a b l e s i n t h e l e g s t a t u s . I t has 
a mechanism which can genera te s i g n a l s f o r t h e 
b r a i n a t a g i v e n d i s t a n c e o r d i r e c t i o n i n t e r v a l . 
For example, s i g n a l s can be genera ted each t i m e t h e 
robo t moves 10 cm. Th i s f e a t u r e i s u s e f u l , f o r 
example, when t h e r o b o t measures d i s t a n c e s to t h e 
l e f t s i d e w a l l a t equa l i n t e r v a l s . The i n t e r v a l s 
i n d i s t a n c e and d i r e c t i o n are recorded in SSI and 
DD1, r e s p e c t i v e l y . DDI and SSI a re no t i n c l u d e d in 
t he l e g s t a t u s because they need no t be read by t h e 
b r a i n . 

When a se t command is a c c e p t e d , the l e g 
subsystem beg ins to genera te s i g n a l s each t i m e 
the robo t moves t h e s p e c i f i e d d i s t a n c e o r 
d i r e c t i o n . 

The r e s e t command t e r m i n a t e s t h i s g e n e r a t i o n 
o f s i g n a l s . 

7 83 



3. CONCLUDING REMARKS 

We have p resen ted a command system f o r 
c o n t r o l l i n g movement o f a mob i l e r o b o t wh ich is 
s t e e r e d and moved by c o n t r o l l i n g two d r i v i n g wheels 
i n d e p e n d e n t l y . Smooth mot ions can be ach ieved 
t h r o u g h u s i n g t h i s command sys tem, and the 
t e r m i n a t i n g c o n d i t i o n i s a l s o u s e f u l . 

We have been imp lement ing the leg s t a t u s and 
the command system on a mob i l e r o b o t , Yamnbico 3 . 1 . 
The imp lemen ta t i on and r e s u l t s w i l l be r e p o r t e d in 
subsequent pape rs . 
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