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MORE MODERN AGVS



OTHER MODALITIES



MOBILITY:  TRAIN

• Configuration: 1D	



• Task Space: R	



• C = T



MOBILITY:  HOVERCRAFT

• Configuration:
(x,y,𝜃)	



• Actuators: 2DOF	



• Task Space: SE(2)	



• C = T



MOBILITY:  HELICOPTER

• Configuration: 
(x,y,z,𝜃r,𝜃p,𝜃y)	



• Actuators: 4DOF 
(thrust,pitch,roll,tail)	



• Task Space: SE(3)	



• C = T
Boeing A160 Hummingbird



MOBILITY:  FIXED WING

• Configuration: 
(x,y,z,𝜃r,𝜃p,𝜃y)	



• Actuators: 4DOF 
(thrust, ail, elev, rud)	



• Task Space: SE(3)	



• C = T
QF-16



MOBILITY:  TRAIN

• Configuration: 6D	



• Fully Actuated	



• Task Space: SE(3)	



• C = T

DepthX



WHEELS

• Regular wheel	



• Non-holonomic 
constraint	



• x’=v,  y’=0	



• Omnidirectional wheel	



• No such constraint



MOBILITY RECAP



2 KINEMATIC MODELS
BICYCLE MODEL

DIFFERENTIAL DRIVE



DIFFERENTIAL DRIVE



DIFFERENTIAL DRIVE

(this is in the body frame)



DIFFERENTIAL DRIVE

(this is in the body frame)

Forward only:



DIFFERENTIAL DRIVE

(this is in the body frame)

Forward only:

Rotation only:



DIFFERENTIAL DRIVE

(this is in the body frame)

Forward only:

Rotation only:

Both:



DIFFERENTIAL DRIVE

(this is in the body frame)

Forward only:

Rotation only:

Both:



BICYCLE 
MODEL



ACKERMAN STEERING

• Four-wheeled vehicle	



• L and R move on circular 
paths of different radius	



• 1812 patent



EQUATIONS OF MOTION	


(SEE BOOK)

• Angular velocity  
~ steering angle 𝛾	



• Angular velocity  
~ velocity v	



• Non-holonomic constraint	



• Undefined for 90o angle
(this is in the world frame)



2D TWIST



2D TWIST



MOVING TO A POINT



MOVING TO A POSE



MOVING TO A POSE



MOVING TO A POSE



FOLLOWING A LINE



FOLLOWING A PATH



PID CONTROL

• Simple	



• Robust, excellent results in many cases	



• Controls 95% of all industrial processes



PID CONTROL

• P = Proportional: correct!
• I = Integral: reduce tracking error!
• D = Derivative: stabilize (anticipate)



CODE EXAMPLE
class PID:!
    def __init__(self, Kp, Ki, Kd):!
        self.previous_error = 0!
        self.integral = 0 !
        self.Kp = Kp!
        self.Ki = Ki!
        self.Kd = Kd!
        !
    def calc(self, dt, setpoint, y):!
        error = setpoint - y!
        self.integral += error*dt!
        derivative = (error - self.previous_error)/dt!
        u = self.Kp*error + self.Ki*self.integral + self.Kd*derivative!
        self.previous_error = error!
        return u!
!

Python example due to Andy Henshaw at GTRI



PID TUNING
• Ziegler-Nichols 

• Start with P only	


• Increase Kp until 

output oscillates	


• Call that “Ultimate 

gain” Ku ,and call the 
oscillation period Tu

Source: Wikipedia


