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CHAPTER 1

Introduction to Control Systems

There are, in general, no unique solutions to the following exercises and
problems. Other equally valid block diagrams may be submitted by the

student.

Exercises

E1.1 A microprocessor controlled laser system:

Controller Process
Desired Error Micro- Currenti(t) Laser Power
power - processor out
output
Measurement
Measured Power
power Sensor

E1.2 A driver controlled cruise control system:

Controller Process
Foot pedal
Desired Driver car ?nd hetual
speed - Engine aU‘Od
spee
Measurement
Visual indication of speed Speedometer

E1.3 Although the principle of conservation of momentum explains much of
the process of fly-casting, there does not exist a comprehensive scientific
explanation of how a fly-fisher uses the small backward and forward mo-
tion of the fly rod to cast an almost weightless fly lure long distances (the
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2 CHAPTER 1 Introduction to Control Systems

current world-record is 236 ft). The fly lure is attached to a short invisible
leader about 15-ft long, which is in turn attached to a longer and thicker
Dacron line. The objective is cast the fly lure to a distant spot with dead-
eye accuracy so that the thicker part of the line touches the water first
and then the fly gently settles on the water just as an insect might.

Wind
Fly-fisher Controller disturbance orocess
Desired {})A";d a?dh ~$_. ROd, Iine, Actual
positionof ¥~ ﬂo ﬁyr? the and cast i
the fly y-fisher

Measurement

Vision of

Visual indication =
of the position of the ﬂy fisher

the fly

E1.4 An autofocus camera control system:

One-way trip time for the beam

_________________ Conversion factor
r 1 Ki (speed of light or
| sound)
|
I Receiver

Subject
Lens focusing
motor

|
Beam | : .
Emitter/ & _—— | Distance to subject
B ————————
|
|

Lens
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Exercises 3

E1.5 Tacking a sailboat as the wind shifts:

Controller Actuators Wind Process
Desired Error | Rudd d ,l\
esire Sailor uF ran 9, Sailboat Actual
sailboat - sal ac?Justment sailboat
direction direction

Measurement

Measured sailboat direction

Gyro compass

E1.6 An automated highway control system merging two lanes of traffic:

Controller Actuators Process
Desired Error Embedded *  Brakes,gasor [ Active » Actual
a - -t i a
gap computer steering vehicle gap
Measurement
Measured gap
Radar

E1.7 Using the speedometer, the driver calculates the difference between the
measured speed and the desired speed. The driver throotle knob or the
brakes as necessary to adjust the speed. If the current speed is not too
much over the desired speed, the driver may let friction and gravity slow
the motorcycle down.

Controller Actuators Process
Error
Desired Driver Throttle or ™ Motorcycle > Actual
speed - Y motorcycle
brakes speed

Measurement

Visual indication of speed

Speedometer
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4 CHAPTER 1 Introduction to Control Systems

E1.8 Human biofeedback control system:

Controller Process
to
blood vessels

Desired Hypothalumus » Actual
body - Human body body
temp temp
Measurement
Visual indication of |
body temperature TV dlsplay Body sensor
E1.9 E-enabled aircraft with ground-based flight path control:
Corrections to the Controller Aircraft
. flight path .
Desired —( "l Gels) " Gls) > Flight
Flight B Path
Path Meteorological Health Location
data Parameters and speed
Optimal y %
flight path
Ground-Based Computer Network
Optimal ) .
flight path Y Location
and speed
Meteorological Health
data Parameters
| —
Desired —( " Ge(s) G( > Flight
. Corrections to the cls s)
Flight flight path Path
Path Controller Aircraft

E1.10 Unmanned aerial vehicle used for crop monitoring in an autonomous

mode:
Trajectory Controller UAV
Specified —’% Flight
S Ges) G(s) £
o ig Trajectory
rajectory
Sensor
Locati?? v;/kilth . Map G;ound
respect to the groun . t
P £ Correlation ——— Camera
Algorithm
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Exercises 5

E1.11 An inverted pendulum control system using an optical encoder to measure
the angle of the pendulum and a motor producing a control torque:

Actuator Process
) Error Voltage Torque
Desired Controller Motor Pendulum > Angle
angle -
Measurement
Measured Optical
angle encoder

E1.12 In the video game, the player can serve as both the controller and the sen-
sor. The objective of the game might be to drive a car along a prescribed
path. The player controls the car trajectory using the joystick using the
visual queues from the game displayed on the computer monitor.

Controller Actuator Process

Desired Error Pl G
esire ayer > : > \/i » Game
Desir - y Joystick Video game objective
objective

Measurement

Player
(eyesight, tactile, etc.)
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6 CHAPTER 1

Problems

Introduction to Control Systems

P1.1 An automobile interior cabin temperature control system block diagram:

Controller
Desired Error Thermostat and
temperature §= air conditioning
set by the unit
driver

Process

Measured temperature

Automobile

cabin

Measurement

Temperature
sensor

P1.2 A human operator controlled valve system:

Error *

Desired
fluid -
output *

Visual indication
of fluid output *

Controller

Process

Valve

Measurement

* = operator functions

P1.3 A chemical composition control block diagram:

Error

Desired
chemical -
composition

Measured chemical

Meter

Tank

Automobile
cabin temperature

Fluid

output

Controller

Process

Valve

Measurement

composition

Infrared analyzer

Mixer tube

» Chemical
composition
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Problems 7

P1.4 A nuclear reactor control block diagram:

Controller Process
Error
Desired Motor and Reactor Output
ower level - .
p ampllﬁer and rods power level
Measurement
Measured chemical .
composition lonization chamber

P1.5 A light seeking control system to track the sun:

Measurement Controller
Desired Controller Process
Dual Ligh carriage e Motor
ua intensit i position rror inputs
Light —{ Y ;‘[ajeaory O Motor, » Photocell
source Photocells anner - K carriage, carriage
and gears position

P1.6 If you assume that increasing worker’s wages results in increased prices,
then by delaying or falsifying cost-of-living data you could reduce or elim-
inate the pressure to increase worker’s wages, thus stabilizing prices. This
would work only if there were no other factors forcing the cost-of-living
up. Government price and wage economic guidelines would take the place
of additional “controllers” in the block diagram, as shown in the block

diagram.
Process Controller
Market-based prices
Initial Government Prices
wages - IndUStry price
guidelines
Controller
Government [« K4
Wage increases wage Cost-of-living
guidelines






