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Computer System Overview
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Modern Computer Control System
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Hardware (Radio Network) behind the scene
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Hardware (Radio Network) behind the scene
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Computer System Overview
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Application
— The application consists of the physical entity whose function and operation is being monitored and
controlled
Computer

— The digital hardware and software that is monitoring and controlling the application in real time.

Effector/Actuator

— A device that converts an electrical signal from the output of the computer to a physical quantity which
controls the function of the application.

Sensor

— A device that converts an application’s physical quantity into an electrical signal for input into the computer
Operator

— The human or humans responsible for monitoring and operating the computer system in real time.

Data Communication Link
— Atwo-way pathway for transferring data between the computer and other external computers.



Distributed Computer Control System
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What do we want to accomplish from this subject?

Eventual goal: Design a complete computer control

system with practical hardware components and
even with software (with pseudo coding)

L earning Steps:

Computer Architecture for Control Application

Application examples and their computer control system
architectures

How inputs (from sensors) and outputs (to the
actuators/effectors) can be selected, ported, connected, and
coded

How microprocessors/microcontrollers are programmed for
the necessary I/O patterns
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Application (control system

Computers and Safety Critical Systems
Fall 2014

MName

Application (Control Systems)

Ajavi, Joshua D.

Lighting Control System

Celestina Carvalho, Marcos

Breaker/Accelerator Control System

Davis, Caleb A.

Blind Spot Asisstant Control System

Green, Naja J.

Doors and Seats Control System

Little, Penny J.

Lopera, Jonathan J.

Airbag Control System

Monette. Jordan A

Lighting Control System

Mwandu, Sarah M.

Seats Control System

Robinson, Michael A

Transmission Control System

Smith, Darrell E.

Fuel/Air Control System

West Derek

Woods I, De'Shawnn L.

Auto Collision Detection System

Wren, Jordan R.

Airbag Control System

Alaie Faradonbeh, Misagh

Collison Avoidance System

Ayele, Samuale

Electronic Accelerator and Breaker Control System

Charles, Pierre E.

Airbag Control System

ldubor, Ayobami O

Lighting Control System

Mahar, Kamrun

Automatic Braking System

Sims. Nathaniel A

Daylight Running Lighting Control System

Woods, D'Angelo R.

Automatic Parking Control System




Control Computer Architecture
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Control PC/Laptop Structure
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Control Single-Chip Microcontroller Structure
e S0C & Mobile Computing

Internet

USB port

Data Communication Link

!

UART

t

-

Ethernet {-—

Central
Processing
Unit
(CPU)

Input Port(s)

Qutput Port(s)

|*

Memory

Sensors and/or
Operator Inputs

Effectors and/or
Operator Outputs
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Sensor Inputs with DI and Al

TO CPU FROM SENSORS
i — —————

DIGITAL OUT . Discrete/Digital . DISCRETE INPUTS
(8, 12 or 16 Bits) . Converter . (No. of Bits varies)
——] Module IT—

e} B
DIGITAL OUT —_— o et
(8, 12 or 16 Bits) . Analog/Digital  $f—
—— Converler ‘31' _‘_"' ANALOG INPUTS
—_—1 51 3 g ———
ANALOG INPUT SELECT ———={ s Module f———
(from CPU) 1= of~——
gl .
DIGITAL OUT - Digital/Digital . DIGITAL INPUTS
(8, 12 or 16 Bits) . Converter . {No. of Bils varies)
——] Module |
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Actuator Outputs — DO and IO

FROM CPU TO EFFECTORS
e il I——
DIGITAL IN : DIQ'C;:L"D;CFEW .
{4 or 8 Bits) - M';:; I er . DISCRETE OUTPUTS
e ufe I——
3 |
DIGITAL IN : .
: Digital/Analog
8, 12, or 16 Bits N —
( o ‘ — Converter } - ANALOG OUT
ANALOG OUTPUT SELECT ——p] §! Module o -
_—.. _-
. Digital/Digital .
DIGITAL IN . .
(8, 12, or 16 Bits) . Chc:‘méeuitar : DIGITAL OUT
——— ] odule I——
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Operator I/O Devices

input Device Output Device

Joystick Annunciator light

Keyboard (standard or enhanced) CRT (cathode ray tube) video display
Keypad (numeric, touch-tone, or custom) Incandescent lamp

Light pen Klaxon

Microphone Light emitting diode

Mouse Liquid crystal display

Potentiometer Loudspeaker

Switch (momentary) Panel meters

Switch {on/ofT) Seven segment display

Thumbwheel switch
Touch screen

- [ (1]
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Application Example 1

e Robot Arm Control
Movement: Horizontal, Vertical, Extension

Position Sensor: Potentiometer for measurement of vertical and
horizontal angles and linear displacement of the end piece

Rate Sensor (for measurement of the speed of the changes of
the position in each of the three axes): Tachometers (for
horizontal and vertical axes) and Velocimeter (for the end piece)

,.,
[ .) Horizontal Rotation 1 Top View
i
- - — 100 ——
1
-
@ Vertical Rotation .| Side View
i H
Extension

Hydraulic Drive
\\ Effector and Sensors Shown

for Horizontal Rotation Axis
Potentiometer ﬁ '

//_ 18

Tachometer
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Robot Arm Computer Control System — Block Diagram

Supervisory Computer

i

Data Communication Link

|

Computer

~=—| Polentiometer (Extension Position) |-=s—
-l-l Potentiometer {Horizontal Position) I-—
~=—| Polentiometer (Vertical Position) |-==—
~=s—{  Velocimeter {Extension Rate)  |==s—
"'--I Tachometer (Horizontal Rate) |-—
""l—l Tachometer (Vertical Rate) |-—

—e= Actuator (Extension) -
——1 Actuator (Horizontal) i

Robotic Arm

—— Actuator (Vertical) |——
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Robot Arm Computer Control System — Software Structure

e [nput
— Required arm positions (in 3 axes)

transmitted from the supervisory
computer

— Required extension position from
the supervisory computer

e Qutput

— Move the arm so that its axes are
aligned with the commanded
position, while checking the speed
so that extension is smoothly done

e Control Algorithm and
Feedback for accurate
position control

Supervisory Computer

Data Communication Link

Computer

*"[ Poleniiomele (Exlension Posiion) |-l-

= Potenbometer(Horontl Posio) [t

"'-| Potentomatat (Verical Posiion) |-!—

- \oloomeler(ExensionRate) |
o Tuchongler (oizontlRae) =

""l-| Tachomeler Vertal Rate) ]-!l-

Robofic Am

0

—= et Boerson)
o Acualo(Hoaon) =

o A (Vedca)
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Functional Diagram

o Graphical expression of software requirement to
represent Input/Output relationship

—(©)

¢

I

o INPUT OR OUTPUT SIGNAL

FUNCTIONAL BLOCK

HE=10CE-1.0PE-0.7VE
HH=15CH-1.5PH-0.9 RH
HV=15CV-1.5PV-09RV

Eymhul Signal Name Signal Type
CE | Commanded position - extension axis |  Digital in -
PE | Position - extension axis Al?ﬂ;g in
VE | Velocity - extension axis Analog in

o CH | Commanded position - horizontal axis | Digital in
PH | Position - horizontal axis Analog in
RH | Rate - horizontal axis Analog in

|_CV . | Commanded position - vertical axis | Digital in
PV | Position - vertical axis Analog in

RV | Rate — vertical axis Analog in
HE | Hydraulic actuator - extension axis Analog out
HH | Hydraulic actuator - horizontal axis Analog out

| HV | Hydraulic actuator - vertical axis Analog out
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Robot Arm Computer Control System — Advanced Application

The challenge is to build an exoskeletal system that is inexpensive, streamlined, and wireless.
Team Summaries - 2013  Titan

University of Pennsylvania

Intel-Cornell Cup

Award-Winning Robotic Exoskeleton
Boosts Your Arm Strength




Application Example 2 — Steamboat Propulsion System

Boiler

Operator

:

Propulsion
Supervisaory
Computer
(PSC)

Turbine

Regulatory Regulaiory
Computer Computer
(BRC) (TRC)
P 1
S E S E
P Py

Boiler + Steam Turbine

Bus

2 subsystems

1 Supervisory
computer (located
one the ship’s
bridge)

Operator
commands
propulsion power

3 Computers are
connected on a

single bus 26
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Application Example 2 — Steamboat Propulsion System

CCCCCC

e Bus controller

— To keep computers
communicate orderly

— Prevent multiple simultaneous
transmission of command or
data

e Communication Protocol

— A set of pre-defined
sequences to conduct orderly
communication

— Master or Slave

— Sync + Source ID +
Destination ID + Data

27
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Application Example 3: Test Jet Propulsion System

(for Software System discussion)

Instructions located in the memory
which are brought in by CPU to
perform Arithmetic and Logic
operations

Example is given with Test Jet
Engine Propellant Supply system:
A jet engine is to be supplied with
a mixture of hydrogen and oxygen
to provide considerable propulsion
energy with minimal air pollution.

Nitrogen is available to purges the
lines of any residual H2 and O2 to
prevent fire or an explosion after
experimental run.

Hydrogen (H,)

Nitrogen qNIJ

To Engine

®

LEGEND

Solenoid Valve

Flowswitch
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Test Jet Propulsion — Computer System

C Hydrogen (H,)

e Valves (HV, OV, NV1, and
NV?2) : actuators
— NC (Normal-Close)

— Opened by applying electric
current

To Engine

LEGEND

% Solenoid Valve
® Flowswitch

* Flow Switches (FH, FN1,

FN2, FO) : Sensors

— NO (normal Open) Position
(Output): Or HIGH

— Sensitive to the presence of

|a—{ " Flowswitch FH
<a—{ Flowswitch FN1_Je—
Flowswitch FNZ J==—  T€st

~a—] Fiowswitch FO |-=— Jet Engine

O
gas flow .§ Propellant
— Closed Position (Output) when g;- —[ Vave HV__}—e~ Supply
there is a gas flow: Or LOW —e={ Valve NV1 _|—==—
B Valve NV2 — -
—a=-1  Valve OV  }—o=

C
Operator




Complete Compute System with Operator Control Panel

« Two control switches:
— RUN: turn on the flow of the propellants (H2 and O2) — initially OFF
— PURGE: Supply purge gas (N2) to the system — initially OFF
 Three lamp indicators
— Flows of H2, O2, and N2

PROPELLANT CONTROL
TN\ :
4 ~— Flowswitch FH |t
a—] Flowswitch FN1_Je—
< <] Flowswitch FN2 J=—|  Test
O |==—{ FlowswitchFO }-=— Jet Engine
S/ _§ Propellant
~ % e[ VaveHV___}—»  Supply
oy —=  Valve NV1  [—
- —a{  Valve NV2  [—s=
Y, >L —={  Valve OV |—t=




Computer Software Requirements

Software Requirement

of the Test Jet Propulsion
Supply system
— Complete, clear, and

correct definition of what
the S/W is supposed to do

— Requirement (Truth
Table) for Switch Position
vs. Valve State

— Requirement (Truth
Table) for Flow Switch
Output vs, Light State

PROPELLANT CONTROL

-

@ 0®

Jeindwon

PURGE RUN

s

S

= Fiowswitch FH_}-=—|

Operator |
Switch Position Valve State
RUN |PURGE| HV NV2 | NV1 | OV
0 0 o] o o[ o
0 | ol 11 1 1o
l 0 1 o o |1
Flow Switch Positior] Light State
fH | EN2[FEN1|FO | o [ H N
ololololo]o
ololi1 ] 1lo]o
tlololtl1li1]o
ol 1 11lo]lolol1
tlololololi1]o




Conversion of Software Requirements to Coding/Programming

« 1 Ladder Diagram Approach (for PLC)

+ .
PURGE FURGE PURGE
Rl R I (1]
/
q =2 s A "
| ¢ L I
_T’_[g ” e | R
113 EI G E
a) PURGE rﬂmw" bi PURGE Switch €] RUM Switch

« 2 Hardware Programming Approach (for Microcontroller)

Pseudo Code
1) initialize ports
VCC (out) PA6-PAQ inputs
) VI PA7 output
2) turn off solenoid
3) set counter to 4000
4) repeat indefinitely
if switch matches key
a) decrement counter
b) if counter is zero
turn on solenoid
otherwise
a) turn off solenoid
b) set counter to 4000
C Code

=@0x30;
PﬁB‘{'AAi' cnt=4000;
while
if(ngéTA&Ox?Fﬂkey){
1f((--cnt)==0)
o FORTAI=0x803} 32
else
PO&TA=O; cnt=4000; }}




1 Ladder Diagram Approach (for PLC)

 Relay

— Digital logic was based on relay (before

low-cost electronic systems)

— Electric switch actuated by a magnetic
field created by electric current

 Ladder Diagram

— Vertical lines: Electrical wires (SRC and
GND) on which current can flow

horizontal components
— Horizontal components

» Switch Contacts
* Relay Coils
» Solenoids

EA / Contact
T 1

et é___..-rS:th iron bar

E/ Spring steel
l

Electromagnet

e
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Ladder Diagram for RUN and PURGE

a) PURGE and RUN . \
Switches OFf b)Y PURGE Switch ¢) RUN Switch

Rela T Contact
O ) Cnh -'\‘-’ ‘lv \""J Soft iron bar T- _l i_ {Open]
-

Eleciromagne!

jp—

Spring sieel @ L

[ 34




2 Hardware Programming Approach

 Programming Approach: “Picture” of hardware
environment = Pin/Port assignment

e Pseudo-Coding
e Coding —

6
; o]
M1B U t =] VIN Fort 1 (P1) ¢ DI B ——me 22 SENSOR INPUT
o on o A 3 — Flowswitch FN1
M1A XS] L] GND . =
PBO [ ’”m‘- M2B 2
PB1 Ll L] M2A ! ~ —{RuNswieh_] OPERATOR INPUT
PB2 L=l HHHHEE ] PC5 _ 0 I~ —[ PURGE Switct]
PB4 USSP PC4 cpPU ~
PB5 L L] PC3 |
PDO [ R PC2 ° 1
PD1 ™ - effaled 5 - — ugnun | OPERATOR OUTPUT
PD2 MEERRLE PCO y o ]
PD4 CRECICK R ADC6 B B DO | =
PD7 D E RN R ] RESET s
ADCY (tied to pot) j i » EFFECTOR OUTPUT
L0 - Vahe OV
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Software Design for Programming Approach

Step 1.

— Read PORT 1 to get Flow Position Information &
Operator SW positions (BYTE read or BIT read?)

Step 2: .

— Send out correct information to PORT 2 by the Software ADCT (tied to po)
Requirement Truth Table (BYTE out or BIT out?)

FLOWCHART

Safety-Related Questions
— How to get the FLOW POSITION at the same time?
— How to get the SW positions at the same time?

— What would be a problem when FLOW POSITIONS are
read sequentially one at a time?

— What would be a problem when SW POSITIONS are
read seguential one at a time?

— What are you going to do if PURGE is ON while RUN is
OFF? How do you avoid this?

36
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Compute System with Operator Control Panel —Activity

e Step 1
— Complete block diagram of your SYSTEM (of
automobile electronic control system)
— Computer
— Sensors
— Actuators
— Operator control panel
— Others — if your control system requires

37



Computer Software Requirements - Activity

e Step 2:
— Software Requirement of YOUR SYSTEM of
automobile electronic control system

— Complete, clear, and correct definition of what the
S/W Is supposed to do

— Truth Table Approach
— Ladder Diagram Approach
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Hardware Programming Approach - Activity

o Step 3

— Programming Approach: “Picture” of hardware
environment = Pin/Port assignment

— Choose a microcontroller
e Arduino
o Galileo
* Raspberry Pi
e Altera FPGA
e Digilent FPGA
e Basic Stamp 2

39



« Accidents reported

Aircraft/Drone — 6

LAX — 1
Car—-4
Assignment #2: \FZOF:ngl— 1
1 all —
Computer Prison -1
Caused Metro — 1
Accidents” Hospital — 1
— Ship-1
— Elevator -1
— Y2K- 1
Invited « Invited Presentations

— Green — Maximum Security Prison
— Mwandu — Costa Concordia

— Sims — Drone

— Woods — Nissan Airbag Recall

Presentation
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Flowchart & Pseudo-Coding - Activity

e Step 4 — Flowchart e Step 5 - Pseudo Coding
— Use pin numbers only e Use pin numbers as
Pin Assignment variables
v

1) initialize ports

\\ Pin#1 =0 / Pseudo Code
.

pin#1 set as output
cnt=4000 pin#12 set as input

2) 0->pin#1

3) set counter to 4000
4) repeat indefinitely

match key

: if pin#12=1
0 --> pin#1 -
a) decrement counter
cnt=cnt-1 e O
b) if counter 1s zero

different

cnt=4000 >0 1 -=> pin#1
if pin#12=0
a) 0 --> pin#1
AE 1 pint1 7 b) set counter to 4000
r
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