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4*ACO)*AL1-800)*AL2+(50*AC0**2-360*AC0+390)*AL1 **2+(400*AC0-800) 
5 *ALl +400)*CON*DIS1)+(((-6*AC0-6)*AL1 +78)*AL2**2+((6-26*ACO)*AL1 
6 **2+(10*AC0+90)*AL1-160)*AL2+(12*ACO+ 12)*AL1 **2-80*AL1 +80)*VO)/ 
7 ((((3*AC0**2+33*AC0-18)*AL1 **2+(102-78*ACO)*AL1-78)*AL2**2+((10 
8 *AC0**2-112*ACO+ 102)*AL1 **2+(160*AC0-272)*AL1 + 160)*AL2+(-10*ACO 
9 **2+72*AC0-78)*AL1 **2+(160-80*ACO)*AL1-80)*CON) 

BETA=(2*V0+(3*AL2-2)*CON*TRA VEL_1)/ 
* ((3*AL2+(3-ACO)*AL1-4)*CON*TRA VEL_1) 

* 

* 
* 

* 
* 
* 
* 

* 
* 

CON=ACC MAX*dist/abs(dist) 
DT=TRAVEL T 

tl=BETA*ALl 
t2=BETA*(l-AL1) 
t3 =BETA+ (1-BETA)* AL2 
t4=1-(1-BETA)*AL2 

TI=(T-TRAVEL Tl)/TRAVEL T - -

IF (TI. GE.l) THEN 
ACC EP=O. 
VEL EP=O 
POS EP=DIST+PO 

ELSE IF (TI.GE.t4) THEN 
ACC _ EP =CON*( -1 + 3./(1-t4 )**2 *(TI -t4 )**2 

-2./(l-t4)**3*(TI-t4)**3) 
VEL_EP=DT*CON*(-t4+t3+t2+(-l+ac0)/2*tl-(TI-t4) 

+ (TI -t4)**3/(1-t4)**2 
-(TI-t4)**4/(2*(1-t4)**3))+v0 

POS_EP=DT**2*CON*((t3+t2+(-1 +ac0)/2*tl)*tt-tt**2/2 
+ (TI -t4)**4/(4*(1-t4 )**2)-(TI -t4)**5/( 10. *( 1-t4 )**3) 

-3/10. *(-1 +ac0)/2. *tl **2 
+ ( -3*t3**2-4*t2*t3-3*t2 **2)/ 10.) 
+dt*vO*tt+pO 

ELSE IF (TI.GE.t3) THEN 
ACC_EP=-CON 
VEL_EP=DT*CON*(-TI+t3+t2+(-1 +ac0)/2*tl)+v0 
POS_EP=DT**2*CON*( -tt**2/2+(t3 +t2 + ( -1 +ac0)/2*tl)*tt 

-3/10. *(-1 +ac0)/2*tl **2 
+ ( -3*t3**2-4 *t2*t3-3*t2**2)/l 0.) +dt*vO*tt +pO 



* 

* 
* 

* 
* 
* 

* 

* 

* 

* 

ELSE IF (IT.GE.t2) THEN 
ACC EP=CON*(1-6./(t3-t2)**2*(IT-t2)**2 

+4./(t3-t2)**3*(IT-t2)**3) 
VEL_EP=DT*CON*((t2+(-1 +ac0)/2*tl)+(tt-t2) 

-2*(IT-t2)**3/(t3-t2)**2 
+(IT-t2)**4/(t3-t2)**3)+v0 

POS EP=DT**2*CON*(t2*(tt-t2/2.) 
+tl *(-1 +ac0)/2. *(tt-3./10. *t1) 

+((IT-t2)**2)/2. -(IT-t2)**4/(2. *(t3-t2)**2) 
+(IT-t2)**5/(5. *(t3-t2)**3))+dt*v0*tt+p0 

ELSE IF (IT.GE.t1) THEN 
ACC EP=CON 
VEL_EP=DT*CON*(IT+(-1 +ac0)/2*tl)+v0 
POS_EP=DT**2*CON*(IT**2/2+(-1 +ac0)/2. *tl *TT 

+3./20. *(1-acO)*tl **2) +dt*vO*tt+pO 
ELSE IF (IT. GE.O) THEN 

ACC EP=CON*(ac0+3*(1-ac0)/t1 **2*(TT)**2 
-2. *(1-acO)/tl **3*TT**3) 

VEL_EP=DT*CON*(acO*tt+(1-acO)*TT**3/tl **2 
-(1-acO)*TT**4/(2*tl **3))+v0 

POS_EP=DT**2*CON*(ac0/2*tt**2+(1-ac0)/(4*tl **2)*TT**4 
-(1-ac0)/(10. *tl **3)*TT**5)+dt*v0*tt+p0 

ELSE 
ACC EP=acO*CON 
VEL EP=vO 
POS_EP=pO 

END IF 
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manipulator, the control task may be characterized as a tracking control of a nonlinear, 

noncolocated, nonminimum-phase system with uncertainties. 

First, the author introduces the staged positioning concept and provides a 

conceptual background of the bracing strategy. Second, in order to understand the 

c;lynamics and . determine the control strategy, a single-link flexible manipulator is 

modeled by the assumed-modes method, and the validity of the model is verified with 

experimental results. Several techniques to obtain more accurate mode functions are 
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