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3.6.5650-Industrial Computing*
3.6.1.Introduction
This subject serves a base to the industrial specialties in the advancement of computer operated machines and programming of microcontrollers in a automated operated systems of machines. Candidates can further their study irrespective of their initial specialty into Robotics,Artificial Intelligence and Industrial automation and Production Industries.
This subject is divided into 3 main papers, namely Paper 1, Paper 2 and Paper 3 being a practical paper.

3.6.2.Learning Modules and Sample Questions
Examination Requirements (See 1.7)
Learning Modules (14 modules or topics)
Module (Topic) 1: Introduction to Industrial Computing

know the:,Understand that:,Be able to:,Definition of Industrial Computing,
Definition of open loop systems,
,
Definition closed loop systems,
,
,
importance of industrial computing,
There is an overview of Industrial computing.,There is a general Structure of Industrial Computing.,There are applications of Industrial Computing.,Explain the concept of Industrial Computing.,
Describe the role of a computer in,
Modern Manufacturing processes,
Describe the role of Industrial,
Computing in Automated,
Processes.,
,
Choose a computer for an industrial computing system.,
The choice of the computer used in the industry affects the production process.,

Module (Topic) 2: Data Representation

know the:,Understand that:,Be able to:,Counting in the different base systems,
Recognizing numbers in binary and decimal forms,
wave form of Sound,
List examples of texts, sound and images,
There is Number systems and codes.,
There is Text,sound and images.,
There is data storage and file compression.,
Represent Numbers in Binary Form Convert between binary and decimal whole numbers (0-255)and fractions.,
to performn binary arithmetic (add,shifts (logical and arithmetic))and understand the concept of overflow.,
convert between hexadecimal and binary represent sound an analog signal using binary.,

Technical and Vocational Education Exami Module(Topic) 3:Hardware,nation Intermediate Level,Industrial Specialties,know the:,Understanad that:,Be able to:,Definition of a digital signal,
Definition of a logic gate,
List the different logic gates available,truth tables and symbols,
How to State DE Morgan's Theorems,
Definition of a Computer,
State the different types of computers List the parts of a computer Definition of RAM, ROM, Virtual,Cache memories,
,
There are Logic gates and Boolean algebra,
There is combinational and sequential logic,
There is computer architecture,
There are Input and output devices,
There is Memory,storage devices and media,
There is a Motherboard and case styles.,
,
,
Construct and interpret truth tables for a given logic statement,
(AND,OR, XOR.NOT.NAND,NOR,XNOR).,
Simplify Boolean expressions,
using Boolean Algebra.,
Differentiate between,
Combinational and Sequential logic.,
Use different types of memory (random-access memory (RAM).read-only memory(ROM).cache,virtual memory).,
Manipulate motherboard,
components in a computer,
Use different ports of a computer (Serial,Parallel, RJ45,VGA,,
HDMI,DP,USB,PS2,,
RJ11,1394a,express card/54 slot),
Select a good laptop/desktop for consumers depending on their needs,
Replace the RAM, Hard drive of a computer,

Module (Topic) 4: Data Communication

know the:,Understand that:,Be able to:,Definition of the various terminologies used in communication.,
,
,
(Message,sender,receiver,medium)Definition of communication,
,
Different methods of communication,
,
Different methods of transmission,
There is an overview of Communication.,
,
,
,
There are components of,
Communication Protocols.,
,
,
There are types of Data Communication.,
,
There are methods of communication.,
,
,
,
There are Channels,
Design the different components of Data Communication (Message,Sender,Receiver,medium,,
Protocol),
Identify the different types of Data transmission (Simplex,Half Duplex and Full-Duplex) being used in Industries,
Use the different methods of transmission,
Parallel,
Series (12C,SPI,RS232,Ethernet)to enhance communication amongst Industrial computing devices.,
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Module (Topic) 5: Software

know the:,Understand that:,Be able to:,Definition of a software,
Types of software,
Definition of Programming,
at least 5 programming languages,
Definition of Simulators.,
There is an overview of Software,
There are types of Software,
(System,Application,Utility),
There is introduction to,
programming.,
There are types of Programming languages.,
There is integrated development environments (IDEs) and,
Translators (Arduino,MikroC,Proton...).,
There are simulators (Proteus,,
Solid Works, Logix Pro,,
Schemaplic).,
Use System Software like,
Operating Systems to manage,
files,processes,hardware and the user interface.,
Use Utility Software to manage,repair and convert files;,
compress;defragment;back up;,
anti-malware (antivirus,anti-spyware)),
Use software to simulate and mnodel aspects of the real world.,

Module (Topic) 6: Computer Networks

know the:,Understand that:,Be able to:,Definition of Computer Hardware Definition of Computer networks,
Definition of a protocol,
different types of networks,
There is introduction to computer Networks.,
There are types of networks,
There are types of transmission,
media.,
There are types of protocol,
There are network devices,
There are network topologies,
There is IP addressing,
Designing a LAN,
Connect Computers in a network,
Link Computers using the different types of networks (local area,
network (LAN),wide area,
network (WAN),personal area,
network(PAN)) and usage,
models (client-server,peer-to-,
peer).,
Determine the speed of a network data.,
Implement a small LAN.,

Module (Topic) 7: The internet and the worldwide web


know the:,Understand that:,Be able to:,Definition of the Internet Definition of Web,
different components used to access the Web,
There is an introduction to the,
Internet,
There are differences between the Internet and the Web,
There are functions of the different Components used to access the Internet.,
Access the internet through laptops and phones,
Differentiate between the internet and the Web,
Manipulate the components used to access the internet (modem,,
router,switch,wireless access,
point (WAP)) and how these are combined.,
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,Technical and Vocational Education Exami,,know the:,,nation,Intermediate Level,s,,,,Industrial Specialties,,,Definition of an Automated system,
Definition of a production process Give the types of Automated systems,
Definition of sensors,
Definition of controllers,
Definition of Actuators,
Definition of Interfacing circuits,
Basic notions on Electrical Wiring,
,
There is an introduction to Automated systems,
There are types of Automated,
Systems,
There is a general Structure of an Automated System,
There are different types of sensors and Controllers do exist,
there exist Different types of actuators,
Interfacing Circuits are necessary to control actuators,
HMI(Displays) are necessary to,
monitor Automnated processes,
,
Explain the,
Automated System,
Describe the General Structure,
of Automated systems,
use sensors to read real-life data,
Identify the different types of,
control based automated systems,
Use Controllers to coordinate,
automated processes,

Module (Topic) 9: Algorithms and Programming,know the:,Understand that:,Be able to:,Definition of Algorithm,Flowchart,SFC,
Definiion of programming,
Types of programming languages,
There is Algorithm design,
(flowchart and SFC)and problem solving,
Introduction to Programming.,
There is introduction to C/C++programming.,
Design Flowcharts and Sequential,
Function Charts as an initial step to problem solving.,
Write and amend algorithms,
Identify the different types of programming languages.,
Write programs with control,
statements(if,if...else).,
Write programs with loops (while,do...while,for,goto),
Write basic programs in a C/C++,
programming language.,

Module (Topic) 10: Introduction to microcontrollers

know the:,Understand that:,Be able to:,Definition of a microcontroller,
Overview of Microcontrollers,
,
Uses of microcontroller,
common features of Microcontroller.Hierarchy of microcontrollers.,
Architectures of microcontroller;,
Harvard, Von Neumann RISC and CISC,
The Block diagram of,
microcontroller:CPU,input,
device,output device,memory,
and buses show relationship,
between the different,
components of the,
Microcontroller.,
Different Families of,
Microcontrollers do exist,
microprocessor and microcontroller have similarities and,
Differences.,
Hierarchy of microcontrollers,
Architectures of microcontroller;,
Harvard, Von Neumann RISC and CISC.,
Introduction to embedded system,
Applications:House hold,Communication,Office equipment and industrial automation.,
Describe the functions of each,
block of a generic digital computer.,
Describe the revolution of,
Microcontrollers.,
Explain various architectures of,
microcontroller.,
Describe applications of,
Microcontrollers.,
Use Microcontrollers to automate,
and control House hold,,
Communication,Office,
equipment and industrial processes.,
Use Microcontrollers to develop automated systems in the industry.,

Module (Topic)8: Automated system
Understand that:
Be able to:
 concept of
Write basic programs in C/C++
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Module (Topic) 11: Introduction to Arduino Development board

know the:,Understand that:,Be able to:,,
Definition of Arduino Platform,
Different types of Arduino boards Type of microcontroller used on the Arduino boards,
There is an overview of Arduino,
There is Board description of Arduino.,
Arduino IDE is used to write,
sketches for the Arduino board Arduino IDE needs to be Installed in the Computer to be able to use.,
Choose the different Arduino boards,
Describe the features of the,
Arduino Uno REV 3 board Install and manipulate the,
Arduino IDE,

Module (Topic) 12: Programming the Arduino Development board


know the:,Understand that:,Be able to:,Sketch structure,
Sketch Structure,
data types,
Variables and constants,
Operators,
Control Statements,
Arrays,
Arduino functions.,
There is Sketch Structure,
There are data types,
There are variables and,
constants.,
There are operators,
There are control Statements,
There are Arrays,
There are Arduino functions,
There are Arduino Libraries.,
use the different data types,variables and constants,
Write programs with control,
statements(if,if...else),
Write programs with loops (while,do...while,for,goto),
Write programs with arrays.,
Write basic programs in Arduino IDE using embedded C/C++.,


Module (Topic) 13: Arduino Development Board and Applications

know the:,Understand that:,Be able to:,structure of embedded C/C++ codes different pins of the Arduino,
development Board,
Codes should uploaded be into the Arduino board.,
How to Control Digital outputs,
(LEDS,piezo buzzer),
How to Read digital inputs,
(Switch,button,sensors...),
How to Read analogue inputs,
(potentiometers,sensors...),
How to Control Led with Keypad How to Interface Arduino with 7Segment Displays.,
Upload codes written in Arduino IDE into the Arduino Board,
Control LEDS,Piezo buzzer,
through digital outputs,
Read inputs from sensors,,
Switches,buttons,interpret them and perform an action,
Use Keypad to control LEDS,
Interface Arduino with 7 segment Displays (counters,toys).,

Module (Topic) 14: Database Concepts

know the:,Understand that:,Be able to:,Types of files,
Data types,
Concept of tables,
Structure of a database,
There is introduction to database,
concepts,,
There are differences between,
database and file system,,
relational data model:concept of,
domain,tuple,relation,keys-,
candidate key,primary key.,
Input data into a database,
Extract data from a data base,
Update data in a database,
Be able to use queries,
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1)The name given to an Arduino Program is a.MikroC
b.Function
c.Project
d.Sketch
2) The Software used to write the program for Arduino is called a.Arduino IDE
b.ArduinoSoft
c.MikroArduino
d.Turbo C
3)The extension of the file uploaded in the microcontroller is a..c
b..obj
c..exe
d.hex
4) The Analog to Digital Converter embedded in the Arduino board has a resolution of a.8 bits
b.10 bits
c.16 bits
d.20 bits
5)The microcontroller found on the Arduino Uno R3 board is a.PIC16F84A
b.PIC18F4550
c.ATMEGA328P
d.ATMEGA128P
6)The Arduino Uno R3 board has
a.8 digital I/O pins
b.14 digital I/O pins
c.16 digital I/O pins
d.20 digital I/O pins
7) The Arduino program consists of two main functions which are:
Setup ()Setup () function and Loop () Function
Main () function and Prototype () function
Variable () function and Loop () function
Setup () function and Variable() function
8.Microcontroller systems collect data from the physical environment through     and return their results through     
Actuators, Sensors
Actuators,Motors
Sensors,Actuators
Inputs,Outputs 9) The number of layers of the OSI model is/are?
2 layers
4 layers
7 layers
8layers
10)How many analog inputs are found on Arduino Uno R3 board
a.4 analog input pins
b.5 analog input pins
c. 6 analog input pins
d.8 analog input pins 11)The voltages available on the Arduino Uno R3 board are:
Sample Questions (See appendix for answers)       Intermediate Level        Industrial Specialties
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a.3.3V and 5V
b.5V and 12V
c.1.5V and 3V
d.5V and 220V
12)-------are pre-built circuit boards that fit on top an arduino.
Sensor
Data type
Breadboard
Shields
13) In Industrial Computing process refers to:
a.Program in an IDE
b.program in execution
c.program in memory
d.task
14) What is the smallest unit of information
a.a bit
b.a byte
c.a block
d.nible
15) In programming, the term used for temporary storage is
a.a buffer
b.Bus
c.channel
d.modem

16) What is the smallest visual element on a video monitor?
Character
Pixel
Byte
bit
17) A truth table with 8 input variables has:
80 possible combinations
256 possible combinations
160 possible combinations
32 possible combinations
18) A logic gate has the following number of outputs
2
0
4
1
19) The outputs of a combinatory logic circuit depends on:
The previous state of the circuit
The actual state of the inputs
The present and the previous state of the circuit
The present and the intermediate state of the circuit
20)A multiplexer with 3 address inputs has:
8 data inputs and 3 outputs
3 data inputs and one output
8 data inputs and 1 output
3 data inputs and 8 outputs
21) Components of computer hardware include:

a. System unit, Input devices and output devices,
b.system unit and storage devices, IDEs
c.Software,Keyboard,Motherboard
d. Ports, Arduino IDE,Screen
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c. Output
d. Power Supply
a.discrete 23.A(n)_input or output is a continuously variable signal within a designated range.c.BCD
b.digital
d.analog
23. Basically,the function of a PLC is to
a. Amplify various weak signal sources.b. control a high-voltage output with a low-voltage input.

c. control the speed of motors.d. make logical decisions and control outputs based on them
25.If A and B are the inputs of the circuit below, S is given by?








A.A+B Figure 1
b.A+B
c.AB
d.AOB
26.consider the hardware in figure 2 below









Figure 2
27.What is the name of the Hardware Component of figure 2
a. RAM
b.ROM
c. DISPLAY PORT
d.Hard Drive 28.What is the function of the Hardware Component of figure 2
a. Used to Store files Permanently b. Used to store and access data on a short-term basis
C. used to transfer files from one computer to another d. used for the lighting of the keyboard of a computer
29.How will you detect that the component of figure 2 in a computer is bad during booting
Technical and Vocational Education ExaminationT2. Which module of the PLC is responsible for performing logieal operations?Intermediate Level
a. Processor Industrial Specialties
b. Input
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a. Some permanent beeps is generated b. The computer boots normally
c. The power supply indicato is off
d. The computer displays a message indicating that the component is bad 30.Identify the type of Arduino board given in the figure 3 below






a. UNO Figure 3
b. MEGA
c. NANO
d. Pro MINI

31 The figure 4 below shows the picture of a motherboard of a computer with several types of ports










Figure 4
32.The Ports labelled Port A, Port B, Port C, Port D are respectively,

a.DVI, HDMI, USB,RJ45
b. DVI, USB, HMDI,RJ45
c. VGA, HDMI, USB,RJ45
d. RS232, HDMI, USB, VGA





STRUCTURAL QUESTIONS
SECTION A:GENERALITIES ON INDUSTRIAL COMPUTING
Define Industrial computing
Draw and label the block diagram of an industrial computing system
Name five sensors and give their uses
Name 05 characteristics of industrial computing systems
Give 05 applications of industrial computing
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Choose 3 questions from this section and answer
Exercise 1: HARDWARE
You are requested to design a combinational logie system in an Industry to control signaling lamps having different functions.

The input to the systemsare a,b,c,d to control lamps P,Q.R and S respectively. The Lamp P is not considered as a signaling lamp.
Design is to be in such a way that Four lamps cannot be ON simultancously.
Lamps S and R cannot be ON at the same time Lamp P can be put ON alone and also comes on obligatory whenever S or R or Q is ON
Construct a truth table for this system                                     (4 marks)
Write the logic equation of P. Q. R and S as a function of a,b,c and d            (4 marks)
Simplify logic equations for Q and R equations using Boolean Algebra           (5 marks)Draw the logic diagram of Q and R of the whole system using the simplified equation from the Boolean Algebra.
(4 marks)Exercise 2: SOFTWARE
1. Explain the following terms: (a) RAM, (b) Nibble,(c) Digital Computers,(d) Ethernet Port

2.Name any two utility softwares.
3.Why there is a need of Auxiliary Memory?
4.Differentiate the following
(a) Hardware vs Software
(b) RAM vs ROM
(c) Application Software vs System Software
(d) Digital vs Analog
6.Explain in brief all the generations of computer.
7.Draw and explain IPO cycle
8. Name any 4 application areas of computer.
9.How the computers are classified according to their processing capabilities?
10.Differentiate between Ethernet Port and USB.
Exercise 3:DATA TRANSMISSION
1.Define analog and digital signals
2.Explain Composite analog signals.
3.Explain Time and Frequency Domain Representation of signals
4.Explain the characteristics of an Analog signal
5.Explain the characteristics of an Digital signal 6.Explain the difference between 1. Lowpass and Bandpass channel 2. Narrowband and wideband channel
7.Explain why a digital signal requires to undergo a change before transmitting it through a bandpass channel.

Exercise 4: COMPUTER NETWORKS
Technical and Vocational Edlucation Examination        Intermediate Level        Industrial Specialties SECTION B:
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1.Explain the concept of layered task.2. What is the OSI model? List its layers and explain their responsibility in exactly one line.
3. Explain how the communication takes place between layers of OSI model.4. Write a short note on encapsulation of data in OSI model.
5. Differentiate between the working of Data link layer, Network layer and Transport layer.

Exercise 5: ARDUINO AND APPLICATIONS
In industries,machines usually produce large amounts of heat which tend to be detrimental to the health of these machines.Mr.Asek being uncomfortable with this high temperature in his industry, decides to implement an automatic fan control system that will help him regulate this temperature. He wishes to implement a system that can automatically turn ON the fan when the temperature is above 30℃C and tur OFF the fan when the temperature is below 26℃.
Propose a block diagram for this system
Propose an algorithm or flowchart
Assuming he intends to use LM35 as the temperaturesensor for the project;Calculate the corresponding voltages produced by LM35 for the minimum and maximum temperatures. (consider that 1℃corresponds to 10mV).
Calculate the decimal values corresponding to the above temperatures after the analogue to digital conversion.
Propose a program to Implement the system with arduino.


PAPER THREE-PRACTICAL
TITLE: PARKING DETECTION SYSTEM
OPERATING PRINCIPLE
We desire to implement a system that detects the arrival of an obstacle for example a Car. This system should also be able to alert the security through sound and by means of lights. The system uses an ultrasonic sensor which mneasures the distance and an LED bar graph that lights up accordingly to the distance from the position of the sensor.As we get closer to the sensor the buzzer beeps in a different way.
CIRCUIT DIAGRAM























Figure 1
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Technical and Vocational Education Examination,CODE,Intermediate Level       Industrial Specialties,int tone//Tone-Red Jumper,,int //Trig-violet Jumper,,//Echo-yellow Jumper,,11-white Jumper,,//IC Pin 12-Blue Jumper,,int dataPin=13;14-Green Jumper,,byte possible_patterns[9]={,,B00000000,,,B00000001,,,B00000011,,,B00000111,,,B00001111,,,B00011111,,,B00111111,,,B01111111,,,B11111111,,,};,,int proximnity=0;,,int duration;                        2rn311,6q_sidia,int distance;,,void setup(){,,//Serial Port,,Serial.begin (9600);,,pinMode(trigPin,OUTPUT);,pinMode(echoPin,INPUT);,1312(S EHL 1O NOILASITIV3H,pinMode(clockPin,OUTPUT);,q,lhitoiso声,pinMode(latchPin,OUTPUT);,a x（io,og bnod sut no boznd,pinMode(dataPin,OUTPUT);,,pinMode(tonePin,OUTPUT);,,void loop(){,,digitalWrite(latchPin,LOW);,,digitalWrite(trigPin,HIGH);,
,
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delayMicroseconds(1000);
digitalWrite(trigPin,LOW);
duration=pulsch(cchoP∈,HIGH);
distance=(duration/2)/29.1;


proximity=map(distance,0,45,8,0);
//Serial.println(proximity);
if(proximity<=0){
proximity=0;
了
else if (proximity>=3&&proximity<=4){
tone(tonePin,200000,200);
了
else if (proximity>=5&&proximity<=6){
tone(tonePin,5000,200);
}
else if(proximity>=7&&proximityy<=8){
tone(tonePin,1000,200);
}
shiftOut(dataPin, clockPin, MSBFIRST,possible_patterns[proximity]);
digitalWrite(latchPin,HIGH);
delay(600);
noTone(tonePin);
}

REALISATION OF THE SYSTEM
PROGRAMMING
Using your Arduino IDE, carefully type in the code given above
Select the board type based on the board you have been given
Verify your code to ensure that the is free of errors
If the code does not verify correctly at first trial, the candidate is given two more chances to make it work

IMPLEMENTATION
Get the materials according to the cutting List
Observe the diagram of figure 1 above and carefully wire it
Connect your Arduino board and select the port on which the Arduino is connected.
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ADJUSTMENTS AND TEST
After the wiring has been verified by a member of Jury,candidates shall proceed to
Power the system Put an obstacle in a direction of the ultrasonie sensor. Slowly approach the sensor. The LEDs should gradually come ON while the buzzer is producing beeps.
If the system does not work correctly at first trial, the candidate is given two more chances to make it work

OBSERVATION AND REPORT
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,Distance/Interval (cm),,Number of beeps,Number of LEDs ON,Remark,7≤distance≤8,,,,5≤distance≤6,,,,3≤distance≤4,,,,distance≤1,
,
,
,

Write a report of the practical you have carried out.


List of components

Arduino UNO-read Best Arduino Starter Kits
·1x 74HC595 8 Bit Shift Register
·1x Breadboard
·8x LEDs (for example: 3x red,3x yellow,2x green)
·9x 220 Ohm Resistors
·1x Buzzer
·1x Ultrasonic Sensor (for exemple: HC-SR04)
·Jumper Wires


Marking Scheme:

Coding and verification                                         (30 Marks)
Implementation of the Circuit                                    (35 Marks)
Adjustments, control and Tests                                   (15 Marks)
Observations and report                                        (20 marks)
Intermediate Level        Industrial Specialties
Technical and Vocational Education Examination Pay attention to the sound produced, and the Number of Leds ON and fillthe table below
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