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1970

Stanford Cart was an early (1970s) example a somewhat autonomous vehicle. It could be
remotely operated, but would also follow a white line. A prototype vision system added in 1979
enabled it to cross a thirty-meter room dotted with obstacles. Travel time: a whopping 5 hours.
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[ref1]

Arkin, R. C. AAAI Spring Symposium on Lessons Learned from Implemented

Software Architectures for Physical Agents, Plenary lecture and workshop
presentation entitled "Just What is a Robot Architecture Anyway? Organizing
Principles versus Turing Equivalency”, Stanford, CA, March 1995.

http://www-static.cc.gatech.edu/ai/robot-lab/online-publications/stanford3.pdf
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Figure 2.5

Latency in the system controlling the robot causes the robot 1o overshoot the
desired position. At t = 0 with the robot moving at high velocity toward the light,
the robot begins to ecquire the sensory information on which [t will base its next
velocity command. After several intermediate computations at time t=a + b +
¢+ d + f, the robot finally reaches the velocity that would have been appropriate
at t = 0. By this time, however, the robot has passed the desired stopping

position. The robot's velocity command will have the wrong sign for one more
iteration of the control system.
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X
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o

Figure 2.7

A general PID control loop includes a differential and an integral term as well as
a proportional term. The D or differential branch looks at how quickly the error
term is changing and modifies the error signal based on the rate of change. The
| or integral branch Integrates (adds up over time) the small offset uncorrected
by the other branches and uses this to cancel out offset errors. Each branch has
an assoclated gain: g, g, and gg.
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#include <math.h>

/* Select “double® or “float™ here: */
typedef double real;
void PID_Initialize(real kp, real ki, real kd,
real error_thresh, real step_time);
real PID_Update(real error);
static int m_started;
static real m_kp, m ki, m_kd, m_h, m_inv_h, m prev_error,
m_error_thresh, m_integral;

void PID_Initialize(real kp, real ki,
real kd, real error_thresh, real step_time)

{
/* Initialize controller parameters */
m_kp = kp;
m ki = Ki;
m _kd = kd;
m_error_thresh = error_thresh;
/* Controller step time and its inverse */
m _h = step_time;
m_inv_h = 1 / step_time;
/* Initialize integral and derivative calculations */
m_integral = 0;
m _started = O;
}
real PID_Update(real error)
{
real q, deriv;
/* Set g to 1 if the error magnitude is below
the threshold and O otherwise */
it (fabs(error) < m_error_thresh)
q=1;
else
q = 0;
/* Update the error integral */
m_integral += m_h*g*error;
/* Compute the error derivative */
it (Im_started)
{
m_started = 1;
deriv = 0;
}
else
deriv = (error - m_prev_error) * m_inv_h;
m_prev_error = error;
/* Return the PID controller actuator command */
return m_kp*error + m_ki*m_integral + m_kd*deriv;
bs
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