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Computer Aided Design



Textbooks: 
• Computer Aided Engineering Design, Anupam

Saxena, Birendra Sahay, Springer, 2005
• Engineering Design A Systematic Approach, G. Pahl, 

W. Beitz, Springer-Verlag, 2007

Intro. to Computer Graphic Systems



• Lecture 1  Intro. to Computer Graphic Systems
• Lecture 2  Geometry
• Lecture 3  Vector Algebra
• Lecture 4  Transformations
• Lecture 5  Curves
• Lecture 6  Surface Modeling
• Lecture 7  Solid Modeling

Lectures 1234567



• Introduction to Computer Graphic Systems
• Hardwares and Softwares

Lecture 1  Intro. to Computer Graphic Systems



• Input Devices
• Storage Devices
• Transmission Devices
• Output Devices

• The graphical information is first transferred to 
computer system by input devices. 

• It is then stored internally in specific formats that 
depend on the device type used 

• and is finally transmitted to the appropriate output 
device for viewing.

Hardwares



• Keyboard
• Mouse
• Joystick
• Lightpen
• Microphone
• Scanner
• Camera
• Glove

Hardwares - Input Devices



Bluetooth projection keyboard



• Harddisk
• Jazdrive
• Zipdrive
• Magnetic disk
• Optic disk
• Flash disk SD
• Memory
• Paper

Hardwares - Storage Devices



Storage Devices



Hardwares - Storage Devices



Reading the DVD



Each writable layer
of a DVD has 
7.5 miles long
spiral track of data. 

DVD track



Storage Devices



Burning the CD-R



Burning the CD-RW



Hardwares - Storage Devices



Storage Devices



dvd-read



The
Holographic
Versatile
Disc

DVD vs. HVD: Recording-layer depth



1 gigabyte
(GB) per
second

Volumetric recording method



HVD optical pickup



The Holographic
Versatile Disc

The HVD System: Writing Data



Data image

Page data (left) 
stored as 
a hologram (right)

The HVD System: Writing Data



Holographic versatile disc

To read the data 
from an HVD



three technologies

Blu-ray HD-DVD HVD

Initial cost for

recordable disc
Approx. $18 Approx. $10 Approx. $120

Initial cost for 

recorder/player
Approx. $2,000 Approx. $2,000 Approx. $3,000

Initial storage 

capacity
54 GB 30 GB 300 GB

Read/write speed 36.5 Mbps 36.5 Mbps 1 Gbps



Harddisk, tracks, clusters, sectors



HDD layers

Harddisk drive (HDD) magnetic recording



Longitudinal magnetic
recording (LMR)

Perpendicular magnetic
recording (PMR)

Harddisk LMR vs PMR recording



Heat Assisted Magnetic Recording

The next technology, HAMR recording



PMR vs HAMR recording



Future Recording Technology Roadmap



Future Recording Technology Options



SMR Concept - Much ‘Stronger’ Head



3D chips allow short data paths between the 
components. TSV chips, which are made of several 
wafers, are estimated to be available in 2015. The 
monolithic 3D chips, which are made of only one 
wafer, offer significantly more bonding between the 
layers.

Stacking of computation kernels and memory 
cells



In its V-NAND SSDs, Samsung stacks 24 Flash cells on 
top of each other. Their electric charge is stored in a 
silicon nitride layer between gate and channel. This 
allows higher memory 
width and increases 
the service life of the flash 
cell by ten times.

3D Flash for durable Terabyte SSDs



Magnetic plates too offer three-dimensional storage: a 
prototype of the Florida International University can 
magnetize three vertically grouped layers variably. The 
read head receives eight possible field strengths, 
which it interprets 
as bit values. 
(storage space x 8)

Hard disks made of several magnetic layers



Solid State Disk (SSD), Hybrid drive



• ATAPI
• IDE
• RS232
• COM,
• LPT
• USB 3
• PCMCI
• Ethernet
• Modem
• Wireless

Hardwares - Transmission Devices



Tunneling and Erasing

How Flash Memory Works



How Flash Memory Works



Flash cells save the electric data in floating gate (FG). 
The dielectric layer (IPD) isolate the floating gate.

control gate (write/delete)
dielectric layer (isolation) 
floating gate (store layer)

-- IPD thickness
-- Cell distance

2D flash cell size limit



2B flash hücreleri küçültme sınırı



• Hardcopy Technologies

Hardwares - Output Devices



• pin printer
• inkjet printer
• laser printer
• pen plotter
• inkjet plotter

Output Devices



Printers

Hardwares - Output Devices



• inkjet printer
• inkjet plotter
• inkjet-nozzle
• İnk dots

Output Devices



How laser printer works



Xerographic_photocopy_process



DPI measurement in monitor resolution and printing

Dots per inch

http://en.wikipedia.org/wiki/File:DPI_and_PPI.png
http://en.wikipedia.org/wiki/File:DPI_and_PPI.png


3d printed flute

3D printing, stereolithography (STL)



• Slice the STL file into thin cross-sectional layers

3D printing



• In November 2014, NASA astronaut Barry became 
the first person to use a 3D printer in space. Four
hours and 104 layers of plastic later, the wrench was
finished.

3D printing without gravity



• the wrench design is sent to the ISS for the first test 
of on-demand printing.

• Operating a 3D printer in space is a huge technical 
challenge. On Earth, gravity helps the plastic to sit in
neat layers as it is extruded, but on the ISS the 
components would float around. 

• Made In Space has tackled this problem with some
innovative, but top-secret technology. 

3D printing without gravity



Display 
Technology

• The cost, resolution, color, and interactivity capabilities must 
be considered when choosing a display device.  

• Resolution refers to the ability of the display to show details. 
• Current (year 2014) displays reach a resolution of about 84 

inch, 4K, 2160p, 3840x2160, where the numbers refer to 
separately distinguishable spots on the screen. Standart HD 
TV, 720p, 1280x720; Full HD, 1080p, 1920x1080; sony d65 
camera, Super Hi vision, 8K, 16x1080p, 8192x4320 resolution.

Displays



• Cathode Ray Tube (CRT) (need refreshing)
• Direct View Storage Tube (DVST) (does not need 

refreshing and up to 4096x4096 res.)
• Vector Refresh Display 
• Raster Scan Display
• Color Raster Display

Displays



The Cathode Ray Tube (CRT)



A video look-up table. A pixel with value 67 is shown.
Color representation

Displays



A simple liquid crystal display (LCD) from a calculator

our simple LCD 
required an external 
light source

LCD display



Liquid crystals can transmit and change polarized light.
The structure of liquid crystals can be changed by 
electric current.

Creating an LCD



e-book, e-ink microcapsule



Organic light 
emitting diode

OLED



OLED



FOLED means Flexible Organic light emitting diode
Flexible Displays at CES-2011

FOLED



Flexible amoled panels



Flexible amoled panels



Samsung YOUM technology

Flexible amoled panels



Flexible amoled panels



• YOUM

Flexible amoled panels



Touch
Screen
Display



Holograms, japan



Holograms Olomax design



• 3D LED Cube

3D Display



3D tv technology, polarized light system



3D TV technology, passive shutter system



3D TV technology, active shutter system



3D TV technology, lenticular system



3D TV technology, parallax-barrier system



how mirasol display works



how mirasol display works



Google glass (2013)



Google glass (2013)



Google glass



Google glass



Google glass



Google glass



Memristor memory



Several graphics standards have been developed over 
the years, including CORE (1977-1979), GKS (Graphical 
Kernel System, 1984-1985), GKS-3D (Added three-
dimensional capabilities), PHIGS (Programmer’s 
Hierarchical Graphics System, 1984), PHIGS+ include 
more powerfull three-dimensional graphics functions, 
X-Windows system (1987), and OpenGL graphics 
standard is adapted from Unix system.

Graphics Standards



Graphics Standards


