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Learning Outcomes

At the end of the lecture, you should be able to:
• define the concept of output in the Information Processing Cycle
• identify the types and use cases of various categories of output devices, including 

monitors, printers and audio-output devices
• distinguish the advantages and disadvantages of the various categories of output 

devices
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Concept of Output

Output is processed data or information.
• typically takes the form of text, graphics, photos, audio, and/or video
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Output Devices

Output devices are hardware devices that allow data to be output from a 
computer.
• Some devices hold the data temporarily (such as in a printer buffer/memory) 

whereas others produce permanent output in the form of a hard copy (e.g., 
printer producing output on paper).

Common output devices include:
• monitors
• printers
• audio-output devices
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Monitor

Monitors (also known as display screens) present visual images of text and graphics.
• The most important characteristic of a monitor is its clarity. 
Clarity refers to the quality and sharpness of the displayed images. It is a function of 
several monitor features, including:
• resolution
• dot pitch
• contrast ratio
• active display area
• aspect ratio
• refresh rate
• color depth
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MONITOR FEATURES

Resolution
Resolution is expressed as a grid of dots or pixels.
• For example, many monitors today have a resolution of 1,920 pixel columns by 

1,080 pixel rows for a total row of 2,073,600 pixels.
• Higher monitor resolution (more pixels) ⇒ clearer images*
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Standard Pixels

HD 720 1280 × 720

HD 1080 1920 × 1080

WQXGA 2560 × 1600

UHD 4K 3840 × 2160

UHD 8K 7680 × 4320

Some Common Resolution Standards

NOTE
You can find more about the current resolutions being used from online, 
including this one:
https://en.wikipedia.org/wiki/Display_resolution



MONITOR FEATURES

Dot Pitch
Dot (pixel) pitch is the distance between every pixel.

The ideal dot pitch depends on how you use your monitor.
• Most newer desktop monitors have a dot pitch below 0.30mm
• Cell phones, which are designed to be viewed more closely than desktop 

monitors, can have dot pitches below 0.05mm. 
• Lower dot pitch (shorter distance between pixels) ⇒ clearer images
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MONITOR FEATURES

Contrast Ratio
Contrast ratios indicate a monitor's ability to display images.
• compares light intensity of the brightest white to the darkest black
• higher ratio ⇒ better monitor
• good monitors typically have contrast ratios above 1000:1
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NOTE
You can find more about contrast ratios from online, including this one:
https://www.pcmag.com/encyclopedia/term/contrast-ratio



MONITOR FEATURES

Active Display Area
Active display area, or screen size, is measured by the diagonal length of a 
monitor's viewing area.
• Common sizes are 15, 17, 19, 21 and 24 inches.
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MONITOR FEATURES

Aspect Ratio
Aspect ratio indicates the proportional relationship between a display's width and 
height.
• relationship is typically expressed as a ratio (i.e., two numbers separated by a 

colon (:))
• many older, more square-shaped monitors have a 4:3 aspect ratio
• almost all newer monitors have a 16:9 aspect ratio designed to display 

widescreen content
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MONITOR FEATURES

Refresh Rate
Refresh rate is the number of times per second that a monitor draws data.
• measured in hertz (Hz)
• standard refresh rate is 75Hz; this means that the monitor redraws the display 75 

times per second

Note: A flickering monitor can contribute to eyestrain and headaches!
• Faster refresh rate ⇒ Less monitor flickers
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MONITOR FEATURES

Color Depth
Color depth (or bit depth) is the number of bits used for each color component of a 
single pixel (i.e., how many colors that can be displayed on a monitor's screen).

Some common color depths used by a monitor:
• 4-bit (EGA) = 16 colors
• 8-bit (VGA) = 256 colors
• 16-bit (High Color) = 65,536 colors
• 24-bit (True Color) ≈ 16 million colors
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MONITOR FEATURES

Color Depth
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TYPES OF MONITORS

Flat-Panel Monitor
Flat-panel monitors are the most widely used type of monitor today. Compared to 
other types, they are thinner, are more portable, and require less power to 
operate.
• Almost all flat-panel displays are backlit – means that a common source of light is 

dispersed over all the pixels on the screen
• 3 basic types of flat-panel monitors: LCD, LED, and OLED
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Flat-panel Monitor and Curved Monitor
Source: https://www.benq.com/en-ap/knowledge-center/knowledge/curved-gaming-monitor.html



TYPES OF MONITOR SCREENS

LED Screens
LED screens are made up of tiny light emitting diodes (LEDs). Each LED is either red, 
green or blue in color.
• brightness can be controlled by varying the electric current sent to each LED; this 

produces a vast range of colors
• tend to be used for large outdoor displays due to the brilliance of colors produced
• recent advances in LED technology have led to the introduction of OLED (organic 

LED) screens
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TYPES OF MONITOR SCREENS

LCD Screens
LCD screens are made up of tiny liquid crystals which make up an array of pixels 
which are affected by changes in applied electric fields.
• For LCD screens to work, they require some form of backlighting.
• NOTE: Many monitors and television screens are advertised as LED when in fact 

they are LCD screens which are backlit using LEDs – these cannot be considered 
as pure LED screens!!
• Using LED backlighting gives a very good contrast and brightness range.
Before the use of LEDs, LCD screens used cold cathode fluorescent lamp (CCFL) as 
the backlit method.
• Essentially, CCFL uses 2 fluorescent tubes behind the LCD screen which supply the 

light source.
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LED vs. CCFL Technology for Backlighting

LED was favored over CCFL technology due to the following advantages:
• LEDs reach their maximum brightness almost immediately (no need to 'warm up' before 

reaching full efficiency)
• LEDs give whiter light, which sharpens the image and makes colors appear more vivid; 

CCFL has a slightly yellowish tint
• LEDs produce a brighter light – improves color definition
• monitors using LED technology are much thinner than monitors using CCFL technology
• LEDs last almost indefinitely – more reliable and makes for a more consistent product
• using LEDs are more environmentally friendly

• LEDs consume very little power, which means that they produce less heat as well as use less 
energy

• LEDs also use fewer toxic chemicals to manufacture

18



Organic Light Emitting Diodes (OLED)

Newer LED technology is making use of organic light emitting diodes (OLEDs).
• These use organic material (made up of carbon compounds) to create 

semiconductors that are very flexible.
• Organic films are sandwiched between two charged electrodes (one is a metallic 

cathode and the other a glass anode). When an electrical field is applied to the 
electrodes, they give off light.
• This means that no form of backlighting is required, which allows for thinner screens.
• This also means that there is no need to use LCD technology, since OLED is a self-contained 

system.

• OLED screens being thinner allow them to be
• curved, which ensures a good picture from any angle
• bent to any shape (curved screens in mobile devices and smart wearables)
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Organic Light Emitting Diodes (OLED)
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How an OLED screen works



Advantages of using OLED over existing LEDs 
and LCDs
• the plastic, organic layers of an OLED are thinner, lighter, and more flexible than the 

crystal structures in LEDs or LCDs
• light-emitting layers of an OLED are lighter

• OLED layers can be made from plastic rather than the glass as used in LED and LCD screens
• OLEDs give a brighter light than LEDs
• OLEDs do not require backlighting like LCD screens; they generate their own light

• use much less power than LCD screens (most of the LCD power is used to do backlighting)
• very important in battery-operated devices such as mobile phones

• OLEDs are essentially plastic – can be made into large, thin sheets
• can be used on large advertising boards in airports, subways, and so on

• OLEDs have a very large field of view (about 170°)
• makes them ideal for use in television sets and for advertising screens
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TYPES OF MONITORS

Curved-Panel Monitor
Curved-panel monitors have a curved screen, instead of a flat one. Benefits of 
curved-panel monitors include:
• curved monitors do a better job of mimicking a 3D space than flat monitors 

(illusion of peripheral information ⇒ more immersive experience)
• better for the eyes

• By curving the monitor, all images are kept equidistant from your eyes.
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Flexible Screens

Flexible screens allow digital devices to display images on non-flat surfaces.
• Early uses of flexible screens included cellphones with screens that wrap around 

the edges of the phone and curved monitors whose edges wrap toward the 
viewer.
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Royole FlexPai



Digital/Interactive Whiteboard

Digital and interactive whiteboards are specialized devices with a large display 
connected to a computer or projector. 
• computer's desktop is displayed on the digital whiteboard and controlled using a 

special pen, a finger, or some other device
• widely used in classrooms and corporate boardrooms
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Digital Projector

Digital projectors project the images from a traditional monitor onto a screen or 
wall.
• This is ideal for presentations or meeting when several people need to see the 

screen at the same time.

Types of projectors:
• Cathode Ray Tube (CRT) projector
• Liquid Crystal Display (LCD) projector
• Digital Light Processing (DLP) projector
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DIGITAL PROJECTORS

Cathode Ray Tube (CRT) Projector
Cathode Ray Tube (CRT) projectors were commonly used during the early days of 
projectors.
• utilized three tubes (one for each primary color – red, green, blue)
• long service life; CRT tubes maintain good brightness for 10,000 hours
• no longer commonly used due to the following reasons:

• large size (larger than LCD and DLP projectors)
• low light output
• require far more time to set up and adjust compared to LCD and 

DLP monitors
• frequently needs to converge and align the images 

projected from each of the three tubes
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DIGITAL PROJECTORS

Liquid Crystal Display (LCD) Projector
Liquid crystal display (LCD) projectors work by utilizing polarized mirrors that pass 
and reflect only certain colors of light.
• causes each channel (red, green, blue) to be separated and later reconverged via 

a prism after passing through an LCD panel that controls the intensity and 
saturation of each color
• can achieve greater brightness at a lower energy consumption
• smaller than CRT projectors
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DIGITAL PROJECTORS

Liquid Crystal Display (LCD) Projector
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DIGITAL PROJECTORS

Liquid Crystal Display (LCD) Projector
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How LCD projectors work:
• a powerful beam of white light is generated from a bulb or LED inside the projector body
• white light beam is then sent to a group of chromatic-coated mirrors (i.e., dichromatic 

mirrors); these reflect the light back at different wavelengths corresponding to red, green 
and blue light components

• these 3 different colored light components pass through 3 LCD screens to produce 3 
different versions of the image (in shades of red, green and blue respectively)
• each screen is composed of thousands of tiny pixels which can either block light or let it through

• these images are then recombined using a special prism to produce a full color image
• finally, image passes through the projector lens onto a screen



DIGITAL PROJECTORS

Digital Light Processing (DLP) Projector
Digital light processing (DLP) projectors can be classified as one-chip or three-chip.
• One-chip DLP projectors can produce more than 16 million colors, while three-

chip models can produce more than 35 trillion colors
• allows DLP projectors to reproduce more natural and lifelike images
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DIGITAL PROJECTORS

Digital Light Processing (DLP) Projector
The use of millions of micro mirrors on a small digital micromirror device (DMD 
chip) is the key to how these devices work.
• number of micro mirrors and their arrangement on DMD chip affects resolution 

of digital image
• when micro mirrors tilt towards light source, they are ON; when they tilt away 

from light source, they are OFF – this creates a light or dark pixel on projection 
screen
• micro mirrors can switch on or off several thousand times per second, creating 

various grey shades (typically 1024 grey shades can be produced)
• mirror switches on more often than it switches off – produces lighter shade of 

grey
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DIGITAL PROJECTORS

Digital Light Processing (DLP) Projector
How DLP projectors work:
• a bright white light source (e.g., from a xenon bulb) passes through a color filter 

on its way to the DMD chip
• white light is then split into the primary colors: red, green and blue (DLP 

projectors can create over 16 million different colors)
• ON or OFF states of each micro mirror are linked with colors from the filter to 

produce the colored image
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DIGITAL PROJECTORS

DLP Projector – Advantages & Disadvantages
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Advantages of Digital Light Projectors Disadvantages of Digital Light Projectors

• higher contrast ratios

• higher reliability/longevity

• quieter running than LCD projector

• uses a single DMD chip (i.e., no issues with lining 
up the images

• smaller and lighter than LCD projectors

• better suited to dusty or smoky atmospheres than 
LCD projectors

• image tends to suffer from 'shadows' when 
showing a moving image

• DLP does not have grey components in the image

• color definition is frequently not as good as LCD 
projectors because color saturation is not as good 
(color saturation is the intensity of a color)



DIGITAL PROJECTORS

LCD Projector – Advantages & Disadvantages

34

Advantages of LCD Projectors Disadvantages of LCD Projectors

• give a sharper image than DLP projectors

• have better color saturation than DLP projectors

• more efficient in their use of energy than DLP 
technology – consequently they generate less heat

• although improving, contrast ratios are not as good 
as DLPs

• LCD projectors have a limited lifespan (i.e., 
longevity is not as good as DLPs)

• since LCD panels are organic in nature, they tend to 
degrade with time (screen turns yellow and the 
colors are subsequently degraded over time)



Printer

Printers translate information that has been processed by the system unit and present the 
information on paper.
Features:
• Resolution – similar to monitor resolution (a measure of the clarity of images produced), 

but measured in dpi (dots per inch); most printers designed for personal use average 
1,200 by 4,800 dpi

• Color capacity – capacity to print either with just black ink or with color; typically more 
expensive to print in color than monochrome

• Speed – measured in number of pages per minute
• Memory within a printer is used to store printing instructions and documents waiting to 

be printed (more memory ⇒ faster printing of large documents)
• Duplex printing – allows automatic printing on both sides of a sheet of paper
• Connectivity – ability of the printer to connect to a network; eliminates need to attach a 

cable to the printer, makes it easier for multiple computers to share one printer
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Printer Resolution Comparison
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TYPES OF PRINTERS

Inkjet Printer
Inkjet printers spray ink at a high speed onto the surface of paper. This process 
produces high-quality images in a variety of colors, making it ideal for printing one-
off photos or where only a few pages of good quality, color printing is needed.
• relatively inexpensive and are the most widely used printers
• reliable and quiet
• replacing ink cartridges, however, is more costly
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TYPES OF PRINTERS

Inkjet Printer – Components
Inkjet printers are essentially made up of:
• a print head which consists of nozzles that spray droplets of ink onto the paper to 

form characters
• an ink cartridge or cartridges; either one cartridge for each color (blue/cyan, 

yellow and magenta) and a black cartridge or one single cartridge containing all 3 
colors + black (Note: some systems use 6 colors)
• a stepper motor and belt which moves the print head assembly across the page 

from side to side
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TYPES OF PRINTERS

Inkjet Printer – Advantages & Disadvantages
Advantages of inkjet printers:
• high quality output
• cheaper to buy than laser printers
• very lightweight and have a small physical footprint
• do not produce ozone and volatile organic compounds, unlike laser printers

Disadvantages of inkjet printers:
• slow output if several copies are needed (little buffer capacity to store the pages)
• cannot do large print jobs (ink cartridges run out too quickly)
• printing can 'smudge' if not careful
• can be expensive if used a lot (original ink cartridges are expensive to purchase)
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TYPES OF PRINTERS

Laser Printer
Laser printers use dry powder ink rather than liquid ink and make use of the properties of 
static electricity to produce the text and images.
• more expensive than inkjet printers, but faster and used in applications requiring high-

quality output (laser printers print the whole page in one go)
• uses 4 toner cartridges – blue, cyan, magenta, black
• actual technology is different from monochrome printers; however, printing method is 

similar, but colored dots are used to build up the text and images

2 categories of laser printers:
• personal laser printer: less expensive and used by a single 

user; can print 15-17 pages per minute
• shared laser printer: typically support color, are more 

expensive, and are used (shared) by a group of users; print 
over 50 pages per minute
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TYPES OF PRINTERS

Laser Printer – Mechanism
The following briefly describes how a page is printed with a laser printer:
• printing process starts with a printing drum being given a positive charge

• as this drum rotates, a laser beam is scanned across it removing the positive charge in certain areas
• this leaves negatively charged areas which exactly match the text/images of the page to be printed

• drum is then coated with positively-charged toner (powdered ink); drum only sticks to negatively 
charged parts of the drum (since drum is positively charged)

• a negatively-charged sheet of paper is then rolled over the drum
• toner on the drum now sticks to the paper to produce an exact copy of the page sent to the 

printer
• to prevent the paper from sticking to the drum, electric charge on the paper is removed after 1 

rotation of the drum
• paper finally goes through a fuser (a set of heated rollers) which heat melts the ink so that it fixes 

permanently to the paper
• at the very end, a discharge lamp removes all the electric charge from the drum, making it ready 

to print the next page

41



TYPES OF PRINTERS

Laser Printer – Advantages & Disadvantages
Advantages of laser printers:
• printing is fast (unless only a few pages are to be printed, in which case they are a little faster 

than inkjet printers)
• can handle very large print jobs
• quality is consistently high
• toner cartridges last for a long time (and the printers can sometimes be a cost-effective option, 

particularly if color outputs are not required)

Disadvantages of laser printers:
• only fast if several copies are being made
• color laser printers tend to be expensive to run (4-color/black cartridges are needed, plus diffuser 

kits, which are expensive to purchase)
• produce ozone and volatile organic compounds because of their method of printing and type of 

toner/ink used (these have been linked to health hazards in the office)
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TYPES OF PRINTERS

3-D Printer
3-D printers create three-dimensional shapes by adding very thin layer after layer 
of material until the final shape is fully formed.
• a variety of different processes and materials can be used to create each layer
• one of the most common extrudes a liquid plastic or other substance through a 

nozzle similar to an inkjet printer
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How 3-D Printers Work

3-D printers are controlled by data describing the shape of the object to be created.
• data typically comes from a file created by a 3-D modeling program or from 

scanning a physical model using a 3-D scanner
Specialized programs then take this data and further process it to create data 
describing hundreds or thousands of horizontal layers that, when placed one on 
top of another, form the shape of the intended object.
• printer uses this data by extruding a foundation layer to very exact specifications
Successive layers are then created and attached to the layer below it until the 
product is finalized.
• layers are so thin and so precise that they blend to make a final product that 

shows no sign of the individual layers
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Uses of 3-D Printing

3-D printing is used to carry out various tasks, including but not limited to:
• prosthetic limbs made to exactly fit the recipient
• items to allow precision reconstructive surgery (e.g., facial reconstruction 

following an accident)
• in aerospace, manufacturers are looking at making wings and other parts using 3-

D technology
• in fashion and art – 3-D printing allows new creative ideas to be developed
• making parts for items no longer in production (e.g., suspension parts for a 

vintage car)
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TYPES OF PRINTERS

3-D Printer – Advantages & Disadvantages
Advantages of 3-D printers:
• eases manufacturing of items
• quick manufacturing of items; allows rapid prototyping (i.e., takes only a short 

length of time for designs to be converted into working prototypes)
• cost is still relatively less compared to labor costs and other costs involved in 

manufacturing a product in the more conventional way 
• cost of manufacturing using 3-D printers is the same for both small-scale and mass 

production

• able to produce artificial organs, prosthetics and precision-made items for 
reconstructive surgery
• can reconstruct parts for machinery that are no longer made
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TYPES OF PRINTERS

3-D Printer – Advantages & Disadvantages
Disadvantages of 3-D printers:
• enables potential to make counterfeit items or items that infringe others' 

copyright – owning a 3-D printer can turn you into a potential manufacturer
• can potentially be used to manufacture dangerous items if given to the wrong 

hands
• potential for job losses if this technology takes over from some types of 

manufacturing
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TYPES OF PRINTERS

Dot Matrix Printer
Dot matrix printers are a type of impact printer where a print head (made up of a 
matrix of pins) presses against an inked ribbon.
• tend to be slow, noisy, and the output is not that good
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Uses of Dot Matrix Printers

• in noisy environments (e.g., garage workshop) and in applications where print 
quality is not that important
• in dusty/dirty or moist atmospheres that would be a problem to laser or inkjet 

printers
• in situations when it costs more than an inkjet printer to buy initially – dot matrix 

printers are very cheap to run and maintain
• in applications where multi-part stationery or the fact that they are an impact 

printer is of value (i.e., long print jobs like producing wage slips) – easier to use
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TYPES OF PRINTERS

Dot Matrix Printer – Advantages & Disadvantages

Advantages of dot matrix printers:
• can be used in environments which would be a problem for laser or inkjet printers (e.g., 

dusty/dirty or moist atmospheres)
• carbon copies or multi-part outputs can be produced
• very cheap to run and maintain
• easy to use if continuous stationery is required (e.g., long print jobs such as wages slips)

Disadvantages of dot matrix printers:
• very noisy; not good in an office environment
• costs more than an inkjet printer to buy initially
• very slow, poor-quality printing
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TYPES OF PRINTERS

Other Printers
• Cloud printers are printers connected to the Internet that provide printing 

services to others on the Internet. (e.g., Google Cloud Print)
• Thermal printers use heat elements to produce images on heat-sensitive paper. 

These printers are widely used with ATMs and gasoline pumps to print receipts.
• Plotters are special-purpose printers for producing a wide range of specialized 

output.
• used to create maps, images, and architectural and engineering drawings using output from 

graphical input devices
• typically used by graphic artists, engineers, and architects to print out designs, sketches, and 

drawings
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TYPES OF PRINTERS

Other Printers
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Thermal Printer Plotter



Printer Categories

Printers can be grouped into 2 categories:
• impact printer – strikes paper and ribbon together to form a character, like a 

typewriter (e.g., dot matrix printer, line printer)
• non-impact printer – forms characters and graphics on a piece of paper without 

actually striking the paper; uses ink spray, toner powder or inkless (e.g., inkjet 
printer, laser printer)
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Printer Categories – Advantages & 
Disadvantages
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Advantages of Impact Printers Disadvantages of Impact Printers

• less expensive
• can make multiple copies with multipart paper

• noisy
• print quality is lower in some types
• poor graphics or none at all
• slow

Advantages of Non-Impact Printers Disadvantages of Non-Impact Printers

• quiet
• can handle graphics and often a wider variety of 

fonts than impact printers
• fast

• more expensive
• occupies a lot of space
• high maintenance cost



Audio-Output Devices

Audio-output devices translate audio information from the computer into sounds 
that people can understand.
• these devices connect to a sound card from within the system unit
• connection can be wireless or by cable to an audio jack on the system unit

Audio-output devices are used to:
• play music
• vocalize translations from one language to another
• communicate information from the computer system to users
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AUDIO-OUTPUT DEVICES

Speakers
Speakers are a kind of audio-output device.
• when connected to a computer's sound card, they output sound generated by 

the computer
• can be used for various sounds meant to alert the user, as well as music and 

spoken text
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AUDIO-OUTPUT DEVICES

Speakers – How They Work
When connected to a computer system, digitized sound stored on a file needs to be 
converted into sound as follows:
• The digital data is first passed through a digital to analog converter (DAC) where it 

is changed into an electric current.
• This is then passed through an amplifier (since current generated by DAC will be 

very small); this creates a current large enough to drive a loudspeaker.
• This electric current is then fed to a speaker where it is converted into sound.
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Digital to analog conversion in speakers



AUDIO-OUTPUT DEVICES

Speakers – How They Work
The following is how speakers convert electric current into sound:
• When an electric current flows through the coil of wire that is wrapped around an 

iron core, the core becomes a temporary electromagnet; a permanent magnet is 
also positioned very close to this electromagnet.
• As the electric current through the coil of wire varies, the induced magnetic field 

in the iron core also varies. This causes the iron core to be attracted towards the 
permanent magnet; as the current varies, this will 
cause the iron core to vibrate.
• Since the iron core is attached to a cone (made of 

paper or thin synthetic material), this causes the cone 
to vibrate, producing sound waves.
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AUDIO-OUTPUT DEVICES

Headphones
Headphones are another kind of widely-used audio-output device. They can be 
categorized based on the following features:
• style: over-ear, in-ear, or on-ear
• connection: wired or wireless

Apart from these features include (this list is not exhaustive):
• inclusion of microphone
• water resistance
• active noise cancellation
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AUDIO-OUTPUT DEVICES – TYPES OF HEADPHONES

Over-ear Headphones
Over-ear headphones are the largest headphones, with cups that surround the ear 
and soft linings to block out external sounds.
• large size of headphones allows for larger speakers with greater sound quality
• soft linings are comfortable for long sessions listening to 

music
• large size can make them difficult for travel or exercise
• ability to block out external noise can cause one to miss 

important external sounds (i.e., alarms, sirens)
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Sony WH-1000XM4



AUDIO-OUTPUT DEVICES – TYPES OF HEADPHONES

In-ear Headphones
In-ear headphones are the smallest of headphones, with tiny speakers that insert 
into the ear canal or rest just outside of it.
• ideal for travel and exercise, as they are small, easily packed, and stay in place 

when walking or running
• smaller size often comes at the cost of lower sound quality
• like over-ear headphones, they can block out many external 

sounds – makes them easier to hear but can be dangerous, 
especially for pedestrians and people who exercise outside 
or near traffic
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Apple's AirPods Pro



AUDIO-OUTPUT DEVICES – TYPES OF HEADPHONES

On-ear Headphones
On-ear headphones offer a form factor similar to over-ear headphones, except 
they do not have a cup that surrounds the ear; the speaker simply presses against 
the ear.
• allow for more outside noise to be heard
• compared to in-ear headphones, the larger speakers of on-ear headphones allow 

for greater volume and sound quality, at the cost of portability
• can be very uncomfortable to wear for extended periods of time – they push the 

ears down slightly, which can cause soreness after a while 
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Beats EP On-Ear Headphones



VR Head-Mounted Displays and Controllers

Virtual Reality (VR) is an artificial or simulated reality created in 3D by computers. 
It strives to create a virtual or immersive experience by using specialized hardware 
that can include a head-mounted display and controller.
• VR head-mounted displays have earphones for immersive sound, stereoscopic 

screens to present 3D images, and gyroscopic sensors to interpret head 
orientation.
• VR controllers have sensors that collect data about your hand movements. 

Coupled with software, this interactive sensory equipment lets one to immerse 
oneself in a computer-generated world.
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Drones

Drones, or unmanned aerial vehicles (UAV) are aircrafts without a human pilot on 
board. – Wikipedia
• Most drones take input from a controller from either a radio joystick or Wi-Fi 

connected devices. The drones act as an output device, sending back video and 
sound to the user.
• The resulting combination of video and aerial maneuverability has made drones a 

popular choice for a wide variety of activities ranging from amateur 
cinematography to civil engineering.
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Summary

This lecture has covered the following:
• concept of output
• types of output devices and their uses
• advantages and disadvantages between different output devices
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Source: https://steemit.com/funny/@crittik/glorious-hd-meme-1543021496
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