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X36PZA - vypracované otazky [verze 2]
B 1 VN brana

1.1 jako prostfedek k pripojeni periferniho zafizeni: jeji realizace;

™ 1.2 OC a 3S vystupy, priklady signalt vhodnych pro OC a 3S inplementaci
M 1.2.1 OS: Nékolik jednotek miiZe sou¢asné vysilat signal (agresivni nulu) na tyZ vodi¢. Hodi se pro signaly typu REQ (Z&adost),

nebo signaly pfipojujici jednotky stejného typu (napf. pamétovécipy). Jednosmérné.

™ 1.2.2 3S: Vysila pouze ta jednotka, ktera to ma povoleno. Vhodné i pro obousmérné signaly.

1.3 symetricky vs. nesymetricky vystup (napajeni).

™ 1.4 lzosynchronni pfenos, priibéh datového pifenosu, RS 232 C;

M 1.4.1 In telecommunications, RS-232 is a standard for serial binary data interconnection between a DTE (Data terminal
equipment) and a DCE (Data communication equipment). It is commonly used in computer serial ports. A similar ITU-T
standard is V.24. RS is an abbreviation for "Recommended Standard".

™ 1.4.2 The Electronic Industries Alliance (EIA) standard RS-232-C as of 1969 defines:

Electrical signal characteristics such as voltage levels, signaling rate, timing and slew-rate of signals, voltage
withstand level, short-circuit behavior, maximum stray capacitance and cable length

Interface mechanical characteristics, pluggable connectors and pin identification

. Functions of each circuit in the interface connector

Standard subsets of interface circuits for selected telecom applications
The standard does not define such elements as character encoding (for example, ASCII, Baudot or EBCDIC), or the framing
of characters in the data stream (bits per character, start/stop bits, parity). The standard does not define bit rates for
transmission, although the standard says it is intended for bit rates less than 20,000 bits per second. Many modern devices
can exceed this speed (38,400 and 57,600 bit/s being common, and 115,200 and 230,400 bit/s making occasional
appearances) while still using RS-232 compatible signal levels.

M 1.4.3 In RS-232, data is sent as a time-series of bits. Both synchronous and asynchronous transmissions are supported by the
standard. Each circuit only operates in one direction, that is, signalling from a DTE to the attached DCE or the reverse. Since
transmit data and receive data are separate circuits, the interface can operate in a full duplex manner, supporting concurrent
data flow in both directions. The standard does not define character framing within the data stream, or character encoding.
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The most common arrangement, nearly universal in personal computers, is an asynchronous link sending seven or eight
bits. When used in this way, the bit order consists of a start bit, seven or eight data bits sent least significant bit first, an
optional parity bit, and a stop bit. The steady state of the line is called the Marking state. The start of a new character is
signaled by a change to the Space state. The digital ones and zeros are then transmitted serially onto the line by switching
between the Mark and Space state ending with a final stop bit which is a transition back to the Marking state. Mechanical
teleprinters often required extra time to ready themselves for the next character, so many systems could be arranged to send
two stop bits.
™ 1.5 Centronics, znalost protokolu
™ 1.5.1 Charakteristika
Pdvodné slo o: jednosmérny paralelni 8-mi bitovy dvoubodovy spoj, s asynchronnim pfenosem dat a s oboustrannym
kvitovanim, typicky pfiklad nesymetrického vystupu s TTL urovnémi. Maximalnidélka kabelu je 2 m. USito na miru pro
komunikaci s tiskarnami,
puvodni specifikace jednosmérné varianty se dnes oznacuje jako tzv. SPP(Standardniparalelniport)
M 1.5.2 Signaly
#DO-#D7—vystup dat
fidici(vstupné/vystupni) —k tiskarné
—\STROBE - potvrzeni platnosti dat
—\AUTOFEED - odfadkovani papiru
—\INIT —inicializace tiskarny
—\SELECT —vybér tiskarny stavové(vstupni) —od tiskarny
—\ACK —potvrzeniprevzetidat
—\BUSY -tiskarna neni pfipravena prevzit data
—\PE —v tiskarné dosel papir
—\SELECT IN —potvrzeni vybéru tiskarny
—\ERROR —chyba pfi aktivaci signalu \ACK je mozné vyvolat pferuseni(IRQ7) —tisk na pozadi
vyznam signallje mozné,upravit‘pro vlastnizafizeni, dajise ovladat libovolné
¥ 1.5.3 Souéasnost tohoto rozhrani
Jednosmérnost byla na zavadu. Dnes se pocitae dodavaji se stejnym konektorem a signaly, ale realizovano je rozhrani
EPP nebo ECP. EPP (Enhanced Parallel Port) firmylntel, Xircom a Zenith Data Systems. ECP (Extended Capability Port)
firmy HP a Microsoft.
[01.6 prehled o fyzickém provedeni ATA vs. Ultra-ATA.
1.7 Prehled o fyzickém provedeni SCSI.
E 2 V/V architektury
E 2.1 z programatorského pohledu: synchronizace éinnosti procesoru s perifernim zafizenim;
02.1.1 V/V programovany
™ 2.1.2 V/V s pierusenim
™ 2.1.2.1 Problém: Procesor musi uloZit informace o pravé probihajicim programu (aby se po zpracovani prerueni mohl vratit) a
to néco stoji(éas). Radié pferuseni vnuti procesoru vektor preruseni, ze kterého se odvodi startovaci adresa obsluhy - i
to néco stoji.
Duisledek: Propustnost pocitacového systému ¢astymi prerusenimi utrpi.
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Otazka: k jakému typu pfenosu se tento typ synchronizace hodi? => Nepravidelny, znakové orientovany pfenos udajd.
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02.1.3 V/V pomoci DMA

0 2.1.4 V/V pomoci specializovaného procesoru
M 2.2 sbérnice vs. dvoubodovy spoj, priklady;
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[ 2.3 sériové vs. paralelni rozhrani, pfiklady
2.4 Adresovy dekodér a jeho realizace;
[0 2.5 mapa V/V prostoru

™ 3 PC architektura
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M 3.1 Schema
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™ 3.2 charakteristiky PCI

¥ 3.2.1

Dnes nejpouzivanéjsi V/V sbérnice. Procesorové nezavisld. 33 MHz nebo 66 MHz, 32 nebo 64 bitd, propustnost 132
-264MB/s, 264 —528MB/s. 1 x PCI = 3 —4 zafizeni, cela pfenosova Sitka pasma. Synchronni pfenos udaju, mozny je souvisly
(burst) prenos, oddélené hodiny procesoru a sbérnice, multiplexovana datova a adresova sbérnice, data 32 nebo 64 bitd,
adresy 32 nebo 64 bitl. Napéti 5V/3,3V nebo mix, nesymetrické napajeni. Dnes uz vyhradné jen 3,3 V.

™ 3.3 vyznam nejdilezitéjSich signal (obrazek sbérnicového cyklu k dispozici)

¥ 3.3.1

AD(x) - Address/Data Lines.

CLK - Clock. 33 MHz maximum.

C/BE(x) - Command, Byte Enable.

FRAME - Used to indicate whether the cycle is an address phase or a data phase.
DEVSEL - Device Select.

IDSEL - Initialization Device Select

INT(x) - Interrupt

IRDY - Initiator Ready

LOCK - Used to manage resource locks on the PCI bus.

REQ - Request. Requests a PClI transfer.

GNT - Grant. indicates that permission to use PCl is granted.

PAR - Parity. Used for AD0-31 and C/BEO-3.

PERR - Parity Error.

RST - Reset.

SBO - Snoop Backoff.

SDONE - Snoop Done.

SERR - System Error. Indicates an address parity error for special cycles or a system error.
STOP - Asserted by Target. Requests the master to stop the current transfer cycle.
TCK - Test Clock

TDI - Test Data Input

TDO - Test Data Output

TMS - Test Mode Select

TRDY - Target Ready
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™ 3.4 zakladni typy pfenosovych cyklu
M 3.4.1 Délku pfenaseného bloku uréuje signdl Frame. Jednorazovy i souvisly (Burst) pfenos Udajl je mozné,pfibrzdit* vkladanim

™

™

™

™

3.4.2

3.4.3

3.4.4

3.45

3.4.6

3.4.7

3.4.8

3.4.9

¢ekacich taktl (pseudosynchronni)!

Interrupt Acknowledge (0000)

The interrupt controller automatically recognizes and reacts to the INTA (interrupt acknowledge) command. In the data
phase, it transfers the interrupt vector to the AD lines.

Special Cycle (0001)

AD15-ADO - Description

0x0000 - Processor Shutdown

0x0001 - Processor Halt

0x0002 - x86 Specific Code

0x0003 to OxXFFFF - Reserved

1/0 Read (0010) and I/O Write (0011)

Input/Output device read or write operation. The AD lines contain a byte address (ADO and AD1 must be decoded). PCI I/0
ports may be 8 or 16 bits. PCI allows 32 bits of address space. On IBM compatible machines, the Intel CPU is limited to 16
bits of 1/0 space, which is further limited by some ISA cards that may also be installed in the machine (many ISA cards only
decode the lower 10 bits of address space, and thus mirror themselves throughout the 16 bit I/O space). This limit assumes
that the machine supports ISA or EISA slots in addition to PClI slots.

The PCI configuration space may also be accessed through 1/0 ports 0xOCF8 (Address) and OxOCFC (Data). The address
port must be written first.

Memory Read (0110) and Memory Write (0111)

A read or write to the system memory space. The AD lines contain a doubleword address. ADO and AD1 do not need to be
decoded. The Byte Enable lines (C/BE) indicate which bytes are valid.

Configuration Read (1010) and Configuration Write (1011)

A read or write to the PCI device configuration space, which is 256 bytes in length. It is accessed in doubleword units. ADO
and AD1 contain 0, AD2-7 contain the doubleword address, AD8-10 are used for selecting the addressed unit a the
malfunction unit, and the remaining AD lines are not used.

Address Bit 32 16 15 0

00 Unit ID | Manufacturer ID

04 Status | Command

08 Class Code | Revision
oc BIST | Header | Latency | CLS
10-24 Base Address Register

28 Reserved

2C Reserved

30 Expansion ROM Base Address

34 Reserved

38 Reserved

3c MaxLat | MnGNT | INT-pin | INT-line
40-FF available for PCI unit

Multiple Memory Read (1100)

This is an extension of the memory read bus cycle. It is used to read large blocks of memory without caching, which is
beneficial for long sequential memory accesses.

Dual Address Cycle (1101)

Two address cycles are necessary when a 64 bit address is used, but only a 32 bit physical address exists. The least
significant portion of the address is placed on the AD lines first, followed by the most significant 32 bits. The second address
cycle also contains the command for the type of transfer (I/0, Memory, etc). The PCI bus supports a 64 bit I/O address space,
although this is not available on Intel based PCs due to limitations of the CPU.

Memory-Read Line (1110)

This cycle is used to read in more than two 32 bit data blocks, typically up to the end of a cache line. It is more efficient than
normal memory read bursts for a long series of sequential memory accesses.
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M 3.4.10 Memory Write and Invalidate (1111)

This indicates that a minimum of one cache line is to be transferred. This allows main memory to be updated, saving a
cache write-back cycle.

™ 3.5 nejdulezitéjsi inovace PCI, jejich charakteristiky
™ 3.5.1 1995 - 66 MHz protokol pro PCI
™ 3.5.2 1996 - technologie AGP

M 3.5.2.1 The Accelerated Graphics Port (also called Advanced Graphics Port) is a high-speed point-to-point channel for
attaching a graphics card to a computer's motherboard. AGP cards are backwards and forwards compatible within limits.

M 3.5.2.2 AGP 1x, using a 32-bit channel operating at 66 MHz resulting in a maximum data rate of 266 megabytes per second
(MB/s), doubled from the 133 MB/s transfer rate of PCI bus 33 MHz / 32-bit; 3.3 V signaling.
AGP 2x, using a 32-bit channel operating at 66 MHz double pumped to an effective 133 MHz resulting in a maximum
data rate of 533 MB/s; signaling voltages the same as AGP 1x;
AGP 4x, using a 32-bit channel operating at 66 MHz quad pumped to an effective 266 MHz resulting in a maximum data
rate of 1066 MB/s (1 GB/s); 1.5 V signaling;
AGP 8x, using a 32-bit channel operating at 66 MHz, strobing eight times per clock, delivering an effective 533 MHz
resulting in a maximum data rate of 2133 MB/s (2 GB/s); 0.8 V signaling.
64 bit AGP, using a 64-bit channel. Used in high end professional graphic cards.

™ 3.5.3 1997 - HyperTransport

™ 3.5.3.1 U procesorii AMD Hammer jako systémova sbérnice. Vyhradné spojuje dvé jednotky —dvoubodovy spoj. Sériovy pienos
po paketech. Velmi vysoka propustnost — v souc¢asnosti max. 9,6 GB/s. Zatim nepravdépodobny nastupce PCI.
™ 3.5.4 1999 - PCI-X

M 3.5.4.1 Vychazi z klasickéPCl — zpétnékompatibilni s PCI. Sitka sbérnice typicky 64 bitd. Maximalni frekvence 533 MHz (1 slot).
Maximalni propustnost 4266 MB/s. Ve vyvoji PCI-X 1066 a PCI-X 2133. ReSeni spiSe vhodnépro servery.
™ 3.5.5 2001 - PCI-Express

™ 3.5.5.1 Drive 3GIO. Nejrozsifengjsi inovace. VyuZiva sériovy pfenos po paketech. Propustnost 2,5 Gb/s v kazdém sméru. Max.

propustnost PCI-E x16 je 10 GB/s (efektivné 8 GB/s - kddovani). Cesta (lane) tvofena 4 vodici. Podle poctu cest se
uréuje link (x2).

™ 4 Ovladaée

M 4.1 Cést operaéniho systému uréend pro ovladani jednoho nebo tidy perif. zafizeni. Ovladaé implementuje standardizované rozhrani
daného zafizeni pro aplikace a jiné ovladace a ¢asti OS. MiZe byt staticky linkovany, dynamicky zaveditelny.
M 4.2 Vysoka pfistupova prava. MoZnost modifikace dat v uZivatelském prostoru. Spravnost kodu ovlivriuje stabilitu OS.
™ 4.3 Tvorba ovladadi je svazana s konkrétnim OS. Pfevazné v C a Assembleru. Nepfistupuiji pfimo k HW, vyuZivaji nizkourovriovych
sluZeb jadra. Aplikace pfistupuji k ovladaciim skrz obecné rozhrani.
™ 4.4 co je ABI, WDM
™ 4.4.1 WDM je Windows Driver Model. Abstrakce pro zvy$eni pfenositelnosti. I/O subsystém, odpouténi ovladaéi od pfimého
pfistupu k HW. PnP, Power Management.
Komponenty WDM: Jadro exportuje minimum funkci. Object Manager, zafizeni jako objekty. System Executive se stara o
alokace paméti. I/O Manager zajistuje distribuci a odbavovani I/O poZadavki. Memory Manager zaji§tuje mapovani paméti.
Process Service spravuje systémova vlakna. Run-Time Library poskytuje typické knihovni funkce pro jadro. Power
Manager zodpovida za vyfizovani PM poZadavki. Plug and Play subsystém jako soucéast I/O Manageru pro fizeni PnP.
Hardware Abstraction Layer odstirfiuje ovlaacée od HW. Windows Management Infrastructure (WMI) zodpovida za tvorbu a
udrZovani dostupnosti jednotlivych objektl v prostfedi WINXX, véetné téch, které reprezentuji periferie.
™ 4.4.2 ABI: In computer software, an application binary interface (ABI) describes the low-level interface between an application
program and the operating system, between an application and its libraries, or between component parts of the application.
An ABI differs from an application programming interface (API) in that an API defines the interface between source code and
libraries, so that the same source code will compile on any system supporting that API, whereas an ABI allows compiled
object code to function without changes on any system using a compatible ABI.

™ 4.5 hierarchie ovladaéa
Aplikace

UZivatelsky redim A 4
Sdrovani valdni
{dispatching)

Systém soubord

Ovladad USE disku

Supervizorsky regim

Ovladad ATA disky]

Ovladaé USE rozhrani =

y 4
Us8 rozhrani
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4.6 blokové schéma operaéniho systému vzhledem k ovladaéiim

Jedneing aphizadni rozhrani
Aplikace fwalaci karvence, Lpolednd
pro vinchay aviadalel

Whivatelsky redim
Smdravini voldni

Supervizorsky redim {dizpatching) -
‘/\""’e"‘"t“‘ rozhrani vladate
Qviatat | I: » ] Ovlndad 1l
i

\ N\

Reehrani pro $lukby
oatatnim cvladadiim

Vrdjornd woldni shukob
i evladadi

spravne je spis toto:
aplikace

jadro <-> ovladac
N

!
'

HW
™ 4.7 pristup ovladaéu k perifernim zafizenim

™ 4.7.1 Ovladani periferii je délano pomoci ¢teni a zépisu na adresy do paméti i I/O prostoru. Linux virtudlné rozdéluje RAM a
periferni zafizeni, RAM nema vedlejsi efekty, mdZe mit cache. Ovlada¢ si nalezne pfislusné oblasti a zaalokuje si je. Pro
pfistup se pak pouZiva funkce inX/outX, readX/write/X. A¢ vétsina dnesnich platforem mapuje HW oblast do paméti, v Linuxu
jsou tyto oblasti striktné funkéné oddélovany. Na platformach, které nepodporuji pfislusnou Sifku proménné pro in/out, jsou
tyto operace simulovany softwarové. Jsou poskytovany synchroniza¢ni makra a funkce pro prekladac a vlastni béh jadra.

M 4.7.2 Pro pristup k HW, ktery je mapovan do paméti jsou navic k disposici ekvivalenty funkcim memset() a memcpy(). Pro podporu
mapovani I/O prostoru do uZivatelskéo prostoru je k disposici sada funkci ioremap(). Mapovani I/O prostoru do uzivatelského
umozZriuje tvorbu ovladaéd mimo jadro, napfiklad pro X server.

M 4.7.3 Obsluha pferuseni: Ovladagé, ktery potfebuje obsluhovat néjaké preruseni, zaregistruje s pomoci request_irg() pfislugny
handler (fci). Pro regulaci pferuseni jsou k disposici fce cli() a sti(). Pokud periferie poskytne automatickou detekci IRQ, pak je
bud' hodnota svézand s konkrétnim uzZitym I/O prostorem, nebo je v néjakém 1/O registru.

El 5 Prenosové cykly
M 5.1 lehka odboéka...k JPO
1/jednoduse vazany 2/stfedné vazany 3/pIné vazany

B 5.2 Prabéhy zakladnich pfenosovych cyklii sbérnic UNIBUS, VME, PCI, SCSI (obrazek cyklu
k dispozici);
[5.2.1 UNIBUS
O5.2.1.1 Procesorové zavisla paralelni sbérnice, s oddélenou adresovou a datovou ¢asti, obousmeérnd, asynchronni. VSimnéte
si: dost jina, nez PCI! Poznamka: Architektura procesoru i spoleénésbérnice se stala vzorem pro mikroprocesory
Motorola 68xxx.
™ 5.2.2 VME

M 5.2.2.1 VersaModule Eurocard, jsou i jiné vyklady zkratky. Zavedena Motorolou, Phillipsem, Thompsonema Mostekemv roce
1981. TTL kompatibilni, asynchronni pfenos rychlosti cca 40 MB/s. Standardizovana jako IEEE 1014-1987.
™ 5.2.2.2 Multiprocesorova, paralelni, nemultiplexovand, asynchronni, obousmérna, arbitr centralizovany, umistén v 0. pozici.

M 5.2.2.3 Pribéh pienosového cykiu
Zucastriuji se signaly
LWORD# Longword - indikuje pfenos 32 bitd
AS# Address Strobe - platnost adresy
AMO#-AM5# Address Modifier - dodatecna info
DSO0#, DS1# Data Strobe - platnost dat 8/8
WRITE# H-zapis/L-éteni
DTACK# Data Ackn - potvrzeni podfizenym
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BERR# Bus Error - chyba od podfizeného m
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™ 5.2.3 PClviz 3.4
[05.2.4 SCSI
5.3 znalost pojmu synchronni, asynchronni, pseudosynchronni, multiplexovana, atd.;
B 6 Diskova pamét
6.1 princip zapisu a ¢teni magnetickych a optickych paméti
6.2 schopnost zakédovat data nejbéznéjSimi technikami (RLL tabulka k dispozici);
™ 6.3 znalost pojmi GMR, PRML, PR, Dye Recording, RLL, MFM, FM.
™ 6.3.1 GMR - Giant Magnetoresistance Effect

™ 6.3.1.1 The Giant Magnetoresistance Effect (GMR) is a quantum mechanical effect observed in thin film structures composed

of alternating ferromagnetic and nonmagnetic metal layers.

Multilayer GMR

Two or more ferromagnetic layers are separated by a very thin (about 1 nm) non-ferromagnetic spacer (e.g. Fe/Cr/Fe). At
certain thicknesses the RKKY coupling between adjacent ferromagnetic layers becomes antiferromagnetic, making it
energetically preferable for the magnetizations of adjacent layers to align in anti-parallel. The electrical resistance of the
device is normally higher in the anti-parallel case and the difference can reach several 10% at room temperature. The
interlayer spacing in these devices typically corresponds to the second antiferromagnetic peak in the AFM-FM
oscillation in the RKKY coupling.

The GMR effect was first observed in the multilayer configuration, with much early research into GMR focusing on
multilayer stacks of 10 or more layers.

Spin-valve GMR

Sy FK NM R Spin FIA N FM
N - T .
. - .
Spin B, A Spn R, H4
| Lo»—am |-
R, A R, Ay

}
Two ferromagnetic layers are separated by a thin (about 3 nm) non-ferromagnetic spacer, but without RKKY coupling. If
the coercive fields of the two ferromagnetic electrodes are different it is possible to switch them independently.
Therefore, parallel and anti-parallel alignment can be achieved, and normally the resistance is again higher in the anti-
parallel case. This device is sometimes also called spin-valve.

Spin-valve GMR is the configuration that is most industrially useful, and is the configuration used in hard-drives.

Granular GMR

Granular GMR is an effect that occurs in solid precipitates of a magnetic material in a non-magnetic matrix. In practice,
granular GMR is only observed in matrices of copper containing cobalt granules. The reason for this is that copper and
cobalt are immiscible, and so it is possible to create the solid precipitate by rapidly cooling a molten mixture of copper
and cobalt. Granule sizes vary depending on the cooling rate and amount of subsequent annealing. Granular GMR
materials have not been able to produce the high GMR ratios found in the multilayer counterparts.



X36PZA - vypracované otazky [verze 2]

M 6.3.1.2 Applications: As stated above, GMR has been used extensively in the read heads in modern hard drives. Another

application of the GMR effect is in non-volatile, magnetic random access memory (MRAM).
™ 6.3.2 PRML - partial response, maximum likelihood

M 6.3.2.1 This technology, called partial response, maximum likelihood or PRML, changes entirely the way that the signal is read
and decoded from the surface of the disk. Instead of trying to distinguish individual peaks to find flux reversals, a
controller using PRML employs sophisticated digital signal sampling, processing and detection algorithms to
manipulate the analog data stream coming from the disk (the "partial response" component) and then determine the
most likely sequence of bits this represents ("maximum likelihood").
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™ 6.3.3 PR - Perpendicular recording

M 6.3.3.1 Perpendicular recording is predicted to allow information densities of up to around 1 Tbit/sq. inch (1000 Gbit/sq.
inch)

"RirRY T el

0

B e

<— Reonding Ler
— Addtional Gyer

AL (LIOOC N OLUGUEC o

™ 6.3.4 Dye Recording

M 6.3.4.1 Zahiatim méni nékteré |dtky optické vlastnosti (prahlednost, barvu), takZe se laserovy paprsek nemdze odrazit od
reflexni vrstvy. Proces je nevratny. Na tomto principu pracujivéechna opticka média +R.
™ 6.3.5 Phase Change Recording

M 6.3.5.1 Proces podobny jako Dye Recording, ale je vratny! Na tomto principu pracuji véechna optickamédia +RW.
Krystalicka faze Amorfni faze

roztaveni

ohFati

Fapsany stav
(mala odrazivost)

M 6.3.6 RLL - Run Length Limited

™ 6.3.6.1 RLL codes are widely used in hard disk drives (and notably digital optical discs, such as CD, DVD and BluRay disc) to
prevent long stretches of no transitions, and therefore decoding uncertainty, from creeping in.

M 6.3.6.2 The length of time (usually expressed in channel bits) between consecutive transitions 0 to 1 or 1 to 0 is known as the
runlength. For instance, the runlengths in the word '0111100111000000' are of length 1, 4, 2, 3, and 6. Run length
limited sequences are characterized by two parameters, (d+1) and (k+1), which stipulate the minimum (with the
exception of the very first and last runlength) and maximum runlength, respectively, that may occur in the sequence. The
parameter d controls the smallest pit/land recorded on an optical disc. The maximum runlength parameter k ensures
adequate frequency of clocking information for synchronization of the read clock. The grounds on which d and k values
are selected, in turn, depend on various factors such as the channel response, the desired data rate (or information
density), and the jitter and noise characteristics.
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™ 6.3.7 FM - Frequency modulation
™ 6.3.7.1 is a form of modulation which represents information as variations in the instantaneous frequency of a carrier wave.
(Contrast this with amplitude modulation, in which the amplitude of the carrier is varied while its frequency remains
constant.)
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™ 6.3.8 MFM - Modified Frequency Modulation
M 6.3.8.1 Data- MFM

1-01
0 - 10 if following a data 0
0 - 00 if following a data 1
Notice that two "ones" can't appear together, and the maximum number of zeros in a row is three. Thus, MFM is a (1,3)
RLL code. This bit stream is then NRZI encoded to be written to disk, a 1 bit representing a magnetic transition, and a 0
bit no transition.

A special "sync mark" that violates the MFM encoding rules but maintains the (1,3) RLL property is used to identify
headers. This is referred to as a "sync A1" because it decodes as hexadecimal A1, although it cannot appear in normal
data.

Example:
1 0 1 0 0 0 0 1 ($Al - Data)
01 00 01 00 10 10 10 01 ($44A9 - MFM encoding)
01 00 01 00 10 00 10 01 ($4489 - sync mark)
*~ missing clock

MFM P01 1066 10 00
TATHAMEREVANA I | T | I | | I [
DATA { : +
1
1

1 1
™ 6.3.8.2 TAZMAMOVY 1 !
PROGD I { |
1 . f
SHiMakY !
SIGHAL

™ 7 Diskova architektura - charakteristiky nejpéznéjsich rozhrani
M 7.1 ST 506 - zastaralé, sériové
M 7.2 ATA - Advanced Technology Attachment
™ 7.2.1 Pro pfipojeni pevnych diskd k poéitadi jsou pouZivéna riizna rozhrani. V osobnich poéitacich je dnes nejrozsifengjsi ATA

(Advanced Technology Attachment, coZ je v podstaté synonymum nazvu IDE Integrated Drive Electronics), které se nékdy
pro odliseni od SATA nazyva PATA - ,paralelni ATA“. ATA rozhrani je relativné jednoduché a tedy i levné. ATA rozhrani ma
max. teoretickou pfenosovou rychlost okolo 1Gb/s = 133MB/s, coz je pfi jednom pfipojeném disku dostadujici, protoZe pevny
disk obvykle dokaze vysilat data pouze rychlosti 640Mb/s = 80MB/s. Na jeden ATA kabel se ovSem daji pfipojit disky dva a
pak se jiZ pfenosova rychlost ATA stava tzkym hrdlem.
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M7.22

Prenosovy moéd, Standard, Pfenosova rychlost

PIO 0, ATA (IDE), 3.3MB/s

PIO 1, ATA (IDE), 5.2MB/s

PIO 2, ATA (IDE), 8.3MB/s

PIO 3, ATA2 (EIDE), 11.1MB/s

PIO 4, ATA2 (EIDE), 16.7MB/s

UltraDMA 33, ATAPI-4 (UltraATA-33), 33MB/s, 40-ti vodicovy kabel
UltraDMA 66, ATAPI-5 (UltraATA-66), 66MB/s, 80-ti vodicovy kabel
UltraDMA 100, ATAPI-6 (UltraATA-100), 100MB/s, 80-ti vodi¢ovy kabel
UltraDMA 133, ATAPI-7 (UltraATA-133), 133MB/s, 80-ti vodi¢ovy kabel

™ 7.3 SATA - Serial ATA

™ 7.3.1

¥ 7.3.2

Nové se prosazuje sériova verze Serial ATA (SATA). Vyhodou SATA je o néco vyssi rychlost; vyssi inteligence radice,
umoZriujici optimalizaci datovych pfenost (NCQ); moznost pfipojovani diskl za chodu systému a mensi rozméry kabeld,
které nebrani toku vzduchu ve skfini a tedy zlepsuji chlazeni pocitacd. Z hlediska operacniho systému je fizeni diskd pomoci
tohoto rozhrani shodné s paralelni ATA.

Pfenosovy méd, Standard, Pfenosova rychlost

SATA 1, SATA (SATA/150), 150MB/s

SATA 2, SATA Il (SATA/300), 300MB/s

M 7.4 SCSI - Small Computer System Interface

M 7.4.1

M7.4.2

M743

M7.4.4

Paralelni sbérnice, pfipojuji se rdzna zafizeni, nezavislana typu zafizeni, logické rozhrani, data zabezpecena paritou,
umoZriuje zfetézeni, optimalizované pfikazy. Max. pocet zafizeni 8 nebo 16 (v¢. fadi¢e). Zafizenise pfipojuji,za sebou”, maji
znacénou vlastni inteligenci (vestavény fadic), kazdé zafizeni dva konektory a ukoncéovaci ¢len.

Faze SCSI

Sbérnice volna(Bus Free),

Arbitrace(Arbitration),

Vybér (Selection),

Novy vybér (Reselection),

Data (Data),

Pfikaz (Command),

Stav (Status),

Zprava (Message).

Pro dosaZeni vyssiho vykonu (pfedevsim poctu operaci za sekundu) pouZiva rozhrani SCSI (¢ti [skazi], zkratka Small
Computer System Interface) nebo novéjsi rozhrani FiberChannel. Na jedno rozhrani (resp. kabel) je mozné pfipaojit vice
periférii. SCSI navic podporuje periférie riznych typd. Max. délka propojujiciho kabelu je u SCSI obecné vétsi néz u
standardu ATA/IDE. SCSI rozhrani je mnohem sofistikovanéjsi nez ATA/IDE, coZ samozfejmé znamena vyssi cenu jak radicd
v pocitaci tak i samotnych pevnych diskd a proto je pouZivano zejména u serverd a pracovnich stanic.

Rozhrani, Sbérnice, Pfenosova rychlost

SCSil, 8bit, 5MB/s

Fast SCSI, 8bit, 10MB/s

Wide SCSI, 16bit, 10MB/s

Ultra SCSI, 8bit, 20MB/s

Ultra Wide SCSI, 16bit, 40MB/s  2.gen

Ultra 2 SCSI, 8bit, 40MB/s

Ultra 2 Wide SCSI, 16bit, 80MB/s 3.gen

Ultra 3 SCSI, 16bit, 160MB/s 4.gen

Ultra 320 SCSI, 16bit, 320MB/s  5.gen

M 7.5 SAN - Storage Area Network

¥ 7.5.1

M75.2

In computing, a storage area network (SAN) is a network designed to attach computer storage devices such as disk array
controllers and tape libraries to servers. As of 2006, SANs are common in enterprise storage.

There are two variations of SANSs:

1. A network whose primary purpose is the transfer of data between computer systems and storage elements. A SAN consists
of a communication infrastructure, which provides physical connections, and a management layer, which organizes the
connections, storage elements, and computer systems so that data transfer is secure and robust. The term SAN is usually
(but not necessarily) identified with block I/O services rather than file access services.

2. A storage system consisting of storage elements, storage devices, computer systems, and/or appliances, plus all control
software, communicating over a network.

Defining SAN

Storage networks are distinguished from other forms of network storage by the low-level access method that they use. Data
traffic on these networks is very similar to those used for internal disk drives, like ATA and SCSI.

In a storage network, a server issues a request for specific blocks, or data segments, from specific disk drives. This method is
known as block storage. The device acts in a similar fashion to an internal drive, accessing the specified block, and sending
the response across the network.

M 7.6 NAS - Network Attached Storage

¥ 7.6.1

Network-attached storage (commonly abbreviated to NAS) systems are generally computing-storage devices that can be
accessed over a computer network (usually TCP/IP), rather than directly being connected to the computer (via a computer
bus such as SCSI). This enables multiple computers to share the same storage space at once, which minimizes overhead by
centrally managing hard disks. NAS systems usually contain one or more hard disks, often arranged into logical, redundant
storage containers or RAID arrays.

The protocol used with NAS is a file based protocol such as NFS or Microsoft's Common Internet File System (CIFS). In
reality, there is a miniature operating system on the device such as DART on EMC's Celerra devices or Data ONTAP on
NetApp NAS devices.

A storage area network (SAN) is very similar, except it uses a block-based protocol and generally runs over an independent,
specialized storage network.

NAS devices become logical file system storage for a local area network. Thus the performance of NAS devices depends
heavily on cached memory (the equivalent of RAM) and network interface overhead (the speed of the router and network
cards). The benefit is that the device can become a giant neighborhood hard drive for a whole building. The disadvantage is
that any constrictions in the local network will slow down the resulting access time.

NAS was developed to address problems with direct attached storage, which included the effort required to administer and
maintain "server farms", and the lack of scalability, reliability, availability, and performance. They can deliver significant ease
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of use, provide heterogeneous data sharing and enable organizations to automate and simplify their data management.
In addition, the price of NAS appliances has plummeted in recent years, offering flexible network based storage to the home
consumer for little more than the cost of a regular USB or Firewire external hard disk.
™M 7.7 RAID

M 7.7.1 aredundant array of inexpensive disks, also later known as redundant array of independent disks

M 7.7.2 RAID - Redundant Array of Independent Disks (vicendsobné diskové pole nezavislych disku) je typ diskovych fadiéu, které
zabezpecduji pomoci urcitych specidlnich funkci koordinovanou praci dvou nebo vice fyzickych diskovych jednotek. Zvysuje
se tak vykon a odolnost vici chybam nebo ztraté dat.

™ 7.7.3 With a software implementation, the operating system manages the disks of the array through the normal drive controller
(IDE/ATA, SATA, SCSI, Fibre Channel, etc.).

M 7.7.4 RAID 0 (2typy: zfetézeni, prokladani striping)

1. zfetézeni: Data jsou postupné ukladéna na nékolik diskd. Jakmile se zaplni prvni, uklada se na druhy, poté na treti
atd. Vyhodou je, Ze ziskame velky logicky disk, nevyhodou, Ze data nejsou po padu jednoho disku obnovitelna.

2. prokladani: Data jsou ukladéna na disky prokladané. To znamena, Ze soubor je rozdélen na mensi ¢asti (bloky) a
kazda ¢ast je ukladana stfidavé na vsechny disky. Diskové pole se tak opét jevi jako jeden velky disk. Neni odolny vici
chybam. Porucha jednoho disku znamena ztratu vsech dat v diskovém poli, protoZe jeden soubor je na vice fyzickych
discich. Vyrazné se ale zvysuje vykon (rychlost éteni a zapisu), protoZe éteme zaroveri s nékolika diskd najednou.

RAID 1 (zrcadleni) — Nejjednodussi ale pomérné efektivni ochrana dat. Provadi se zrcadleni (mirroring) obsahu diskd.
Obsah se souCasné zaznamenava na dva disky. V pfipadée vypadku jednoho disku se pracuje s kopii, ktera je ihned k
dispozici. Podobna technika miZe byt uplatnéna o uroveri vyse, kdy jsou pouZity dva samostatné radice. Tato technika se
nazyvé duplexing a je odolné i proti vypadku fadiée. Obé techniky bud neméni nebo sniZuji rychlost, ale vyrazné zvysuji
bezpecnost dat proti ztraté zpisobené poruchou hardware. Nevyhodou je potfeba dvojnasobné diskové kapacity.

Pole RAID 0-1 (stripovani) je kombinaci RAID 0 a RAID 1. Data uloZime prokladané (stripovanim) na dva disky(A, B), poté
totéz udélame s dalsimi dvéma disky(C, D). Ziskame tak dva logické disky AB, CD, které maji redundantni obsah. (Mame-li
soubor, ktery se pfi stripovani rozdéli na dvé poloviny, prvni ¢ast souboru mame na disku A a C, druhou na disku B a D)
Vyhodou tohoto zptsobu je, Ze nejen rozkladame zatéz mezi vice diskd pfi ¢teni a zapisu a data jsou uloZena redundantng,
takzZe se daji po chybé snadno obnovit. Mezi nevyhody patfi vyuziti pouze 50% celkové diskové kapacity, a pfi vypadku
jednoho ze étyr diskd ztracime redundantnost dat.

Pole RAID 1-0 (stripovani) je opét kombinaci RAID 0 a RAID 1, ale postupujeme obracené. Nejdfive uloZzime stejna data na
disk A, B, poté na disk C, D. Ziskame tak dva logické disky AB, CD, na nichz jsou data uloZena stripované. (Mame-li soubor,
ktery se pfi stripovani rozdéli na dvé poloviny, prvni ast souboru je na disku A a B, druha ¢ast je na disku C a D, narozdil od
RAID 0-1) Vyhody jsou podobné RAID 0-1, navic je RAID 1-0 odolnéjsi proti vypadku vice diskl a po chybé je obnova dat
mnohem rychlejsi. Nevyhodou je opét vyuZiti pouze 50% kapacity.

RAID 2 - Je slozitétjSi verze RAID 3, kde jsou data po bitech stripovana mezi jednotlivé disky. Data jsou zabezpeéena
pomoci tzv. Hammingova kddu. Pocet redundantnich disku je umérny poctu datovych diskd. Vyhodou je zkraceni doby
odpovédi pfi dlouhych pfistupech na disk (spousténi paraleln€), nevyhodou je malé propustnost a vyuziti jen 50% diskové
kapacity.

RAID 3 - Je pouzito N+1 stejnych diskd. Na N diskd jsou ukldddna data a na posledni disk je uloZzen exkluzivni souéin
(parita) téchto dat. Pfi vypadku paritniho disku jsou data zachovana, pfi vypadku libovolného jiného disku je mozno z
ostatnich diskud spolu s paritnim diskem ztracena data zrekonstruovat. Vyhodou je potfeba jen jednoho disku navic, navic se
se zkracuje doba odpovédi stejné jako u RAID 2. Nevyhoda je, Ze paritni disk je takzvany bottle neck, neboli problémové
misto systému, a je vytiZen pfi zapisu na jakykoliv jiny disk.

RAID 4 - Disky jsou stripovany po blocich, ne po bitech a parita je na paritnim disku opét ukladana po blocich. Vyhody a
nevyhody stejné, jako u RAID 3.

RAID 5 — Velmi podobné RAID 3, ale odstrariuje problém s pfetiZzenym paritnim diskem, nebot jsou paritni data uloZena
stfidavé na vSech discich a ne pouze na jednom. Vyhodou je, Ze jen jeden disk (i kdyZ pokazdé jiny) obsahuje redundantni
informace a opét se da vyuZit paralelniho pfistupu k diskdm, ¢imz se zkrati doba odpovédi. Nevyhody se projevu;ji pfi zapisu.
RAID 5 Ize pouzivat tam, kde zapis nepfesahne 20%.
™ 8 Zabezpeceni proti chybam
M 8.1 Jak? Vkladanim nadbyte¢nych tdaji (redundancy), prokladanim udajd (interleaving), vicestupriovosti zabezpedéeni. Pouziva se
kdd se schopnosti detekce a nasledné opravy chyb. Zakladni zabezpecovanou jednotkou je 1B - bajt.
™ 8.2 zakladni myslenky a postupy CIRC, interleavingu a RSPC;
™ 8.2.1 RS - Reed-Solomontv kéd
™ 8.2.1.1 RS (n, k) kdduje k datovych symbold jako n symbold. RS (26, 24) je tedy konkrétné kédem, ve kterém m =8, n = 26, k =
24, m je pocet bitd/symbol. K ptivodnim 24 B pfiddva 2 B parity a kdduje je jako 26 B. Paritni bajty pocita(specialni)
aritmetikou
definovanou nad Galoisovym télesem.

¥ 8.2.2 CIRC - Cross-Interleaved Reed-Solomon Code
™ 8.2.2.1 CIRC adds to every three data bytes one redundant parity byte.

M 8.2.2.2 Reed-Solomon codes are specifically useful in combating mixtures of random and burst errors. CIRC corrects error
bursts up to 3,500 bits in sequence (2.4 mm in length as seen on CD surface) and compensates for error bursts up to
12,000 bits (8.5 mm) that may be caused by minor scratches.

M 8.2.2.3 Characteristics
+ High random error correctability
* Long burst error correctability
« In case the burst correction capability is exceeded, interpolation may provide concealment by approximation
- Simple decoder strategy possible with reasonably-sized external random access memory
* Very high efficiency
» Room for future introduction of four audio channels without major changes in the format. This never took place.

™ 8.2.3 RSPC - Progressive Coding



X36PZA - vypracované otazky [verze 2]

™ 8.2.3.1 je RS kdd nad GF(2*8) — Galoisovym télesem (Galois Field), ktery generuje pole P-parity a Q-parity. Pouze pro potiebu
RSPC se bajty 12-2075 kazdeho sektoru (tj. 2064 B) usporadaji do 1032 slov, pficemz kazdé slovo ma 2 B - MSB a
LSB a tato slova se usporadaji do matice 44 x 24.
™ 8.3 vicestupriové zabezpeceni
¥ 8.3.1 CD-ROM - Vysledkem je dvoutrovriovdaochrana???? (RSPC + CIRC), ktera ma BER 10214, tj. 1 neopravitelnd chyba na
10M 4bitd.
™ 8.3.2 Redundantni paritni bajty se (po prokladani) poditaji a pfidavaji znovu.
Tak napfiklad: médium CD-DA (audioCD) pouZiva 2 urovné zabezpeceni. Toto kddovanije znamo jako CIRC. Médium CD-
ROM pouzivaurovné 3 - RSPC+CIRC.
™ 9 Displej
™ 9.1 Rozliseni

N
)
=

™ 9.2 Barevny model
™ 9.2.1 CMYK, YUV, HSL, HSV, YCbCr, YPbPr a jiné.
9.2.2 YUV
M 9.2.2.1 Jeho zakladnimi barevnymi sloZkami jsou Y — luminancea U, V —chrominance. PouZivaho napf. televizninorma PAL.
Poznamka: nezamériovat ale s barevnym
modelem YCbCr, od kterého se v detailech lisi.

M 9.2.3 Skladanim (aditivnim migenim) nékolika obraz(v zakladnich barvach. V CRT, LCD i v plazmovém displeji se pouziva aditivni
miseni v barevném modelu RGB (Red-Green-Blue).
™ 9.3 Chromaticky diagram
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M 9.3.1 Nastroj pro vyjadfeni, resp. porovnévani barvy riznych barevnych podnéti. Obvod trojihelniku tvofi kiivka istych
spektralnich barev.
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™ 9.3.2 Maxwelltv trojuhelnik - na obrazku cerny trojuhelnik
(je-li primarnich barev vice, tak n-uhelnik).
Vrcholy ma v bodech reprezentujicich zakladni barvy k michani pouzité. Srovnani Maxwellova trojuhelnika pro standardni
CIE primarni barvy (Cervené) a typicky ¢erveny, zeleny a modry fosfor barevného CRT monitoru (modre).
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™ 9.4 znalost principu funkce barevné CRT, LCD, plazmového panelu
M 9.4.1 CRT od CathodeRayTube,
SED od Surface-conductionElectron-emitter Display,
LCD od LiquidCrystal Display (STN,TFT),
PDP od Plasma Display Panel,
ELD od ElectroluminiscentDisplay,
popt. jiny (LED, LTPS).
™ 9.4.2 CRT - The cathode ray tube

M 9.4.2.1 Prokladané Fadkovani - Aby postupné vytvareny obraz neblikal a aby nebyly takové technické néroky na kvalitu
pfenosové cesty, pouZiva televize prokladané radkovani (lichy/sudy pulsnimek). Pocitacové monitory naopak pouZivaji
neprokladané fadkovani.

M 9.4.2.2 Luminofory (latky na bazi fosforu) s kratkou dobou dosvitu. VyZaduji ¢astéjsi obnovovani. Obraz tvofeny luminofory s
dlouhou dobou dosvitu zase neni mozno tak rychle prekreslovat. Neni-li obraz dostate¢né ¢asto obnovovan, kolisa jeho
jas a obraz blika. Tyto problémy jsou jizdnes vyfeSeny a CRT monitory jsou kvalitni a levné.

M 9.4.2.3 Cathode rays exist in the form of streams of high speed electrons emitted from the heating of cathode inside a vacuum
tube at its rear end. The released electrons form a beam within the tube due to the voltage difference applied across the
two electrodes, and the direction of this beam is then altered either by a magnetic or electric field to trace over the inside
surface of the phosphorescent screen (anode), covered by phosphorescent material (often transition metals or rare
earths). Light is emitted by that material at the instant that electrons hit it.

In television sets and modern computer monitors, the entire front area of the tube is scanned systematically in a fixed
pattern called a raster, and a picture is created by modulating the intensity of the electron beam with the received video
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™9.4.25

signal (or another signal derived from it). The beam in all modern TV sets is scanned with a magnetic field applied to the
neck of the tube with a "magnetic yoke", a set of wire coils driven by electronic circuits. This usage of electromagnets to
change the electron beam's original direction is known as "magnetic deflection".
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Cutaway rendering of a color CRT
1. Electron guns
Electron beams
Focusing coils
Deflection coils
Anode connection
Mask for separating beams for red, green, and blue part of displayed image
Phosphor layer with red, green, and blue zones
8. Close-up of the phosphor-coated inner side of the screen
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™ 9.4.3 LCD - Liquid crystal display

~9.4.3.1

¥9.4.3.2

¥9.433

Polarizované svétio

Svétlo je pficné elektromagnetické vinéni. Vektor intenzity E elektrického pole je vZdy kolmy na smér, kterym se vinénf{
Sifi. V roviné kolmé k paprsku pfirozeného svétla se smér vektoru E nahodile méni. Tomu fikdme nepolarizované
svétlo.

K tomu abychom urcili orientaci roviny polarizovaného svétla musime pouZit zafizeni zvané analyzator.

Kapalné krystaly

Kapalné krystaly jsou anizotropni kapaliny (latky s rdznymi vlastnostmi v rdznych

smérech). V tomto pfipadé vyuzivame takové, které jsou anizotropni vzhledem k

prochazejicimu svétlu.

Kazdy obrazovy bod (Cili pixel) je aktivné ovladan jednim tranzistorem. Aby vznikl obraz, potfebujeme dvé slozky -
svétlo a barvu. Svétlo je zajistovano podsvétlujicimi katodami, které jsou u téchto displejli velice jasné. Primarné jde o
svétlo bilé a je na LCD technologii, aby vyprodukovala vyslednou barvu. Jak jisté znate z optiky, jakoukoliv barvu
muZeme slozZit ze tfi barevnych sloZek - ¢ervené, zelené a modré. A pro kaZdou barevnou sloZku kaZzdého pixelu
existuje jeden tranzistor ovladajici tekuté krystaly.

Tekuté krystaly jsou materialy, které pod vlivem elektrického napéti méni svoji molekularni strukturu a diky tomu uréuji
mnozstvi prochazejiciho svétla. Kazdy obrazovy bod je ohrani¢en dvéma polarizaénimi filtry, barevnym filtrem (pro
¢ervenou, zelenou ¢ modrou) a dvéma vyrovnavacimi vrstvami, vSe je vymezeno tenkymi sklenénymi panely. Tranzistor
naleZici k obrazovému bodu kontroluje napéti, které prochdzi vyrovndvacimi vrstvami a elektrické pole pak zplsobfi
zménu struktury tekutého krystalu a ovlivni natoéeni jeho éastic.

A to uZ jsme u zakladniho principu. Timto zplsobem Ize krystal regulovat v nékolika desitkdch az stovkach rdznych
stavi a tak vznika vysledny jas barevnych odstind. ProtoZe se obrazovy bod sklada ze tfi barevnych sub-pixeld, vznikaji
tak statisice az miliony rdiznych barev, ackoliv tekuté krystaly stale nejsou tak presné, aby dokazaly zobrazit 32-bitovou
barevnou hloubku, tedy plnych 16,777,216 barev.
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™ 9.4.3.4

¥9.435

™ 9.4.4 PDP

¥ 9.4.4.1

M9.4.4.2

Reflective twisted nematic liquid crystal display.

Vertical filter film to polarize the light as it enters.

Glass substrate with ITO electrodes. The shapes of these electrodes will determine the dark shapes that will appear when the
LCD is turned on or off. Vertical ridges are etched on the surface so the liquid crystals are in line with the polarized light.
Twisted nematic liquid crystals.

Glass substrate with common electrode film (ITO) with horizontal ridges to line up with the horizontal filter.

Horizontal filter film to block/allow through light.

Reflective surface to send light back to viewer.

o g~ w

Ve fyzice a chemii se za plazma povaZuje ionizovany plyn sloZeny z iontd, elektrond(a pfipadné neutralnich atomd a
molekul), ktery vznika odtrZzenim elektron( z elektronového obalu atomu plynu, ¢i roztrZzenim molekul (ionizaci). O
plazmatu se ¢asto mluvi jako o étvrtém skupenstvi hmoty. Plazma existuje ve vesmiru v rliznych, ¢asto velmi odlisnych
formach. S plazmatem se mizZeme setkat napfiklad ve formé blesku, polarni zare, uvnitf zafiveka tzv. neond, plazma
tvoritaké konvenéni hvézdy, sluneéni vitr, ¢ mlhoviny. Parametry plazmatu v téchto forméach se liSio mnoho fadd.

Do obou zobrazovacich elektrod je pousténo stfidavé napéti. KdyZ je napéti iniciovano, je indukovan vyboj, ktery za¢ne
ionizovat plyn a vytvaret plazmu. Dielektrikum a oxid hofe¢naty sice ihned vyboj zastavi, ale po zméné polarity (jde o
stfidavy proud) ionizace pokracuje a je tak dosazeno stalého vyboje. Napéti na elektrodach je udrZovano tésné pod
hladinou, kdy zaéne vznikat plazma a k ionizaci pak dojde i pfi velmi nizkém zvyseni napéti na adresovaci elektrodé.
Po vzniku plazmy ziskaji nabité ¢astice diky elektrickému poli kinetickou energii a za¢nou do sebe narazet. Neon a
xenon jsou pfivedeny do excitovaného stavu a po navratu elektronu do svého orbitalu uvolni ultrafialové zafeni. Diky
tomuto zareni pak excituji atomy luminoforu a ty uvolni viditelné svétlo. V kazdém pixelu jsou tfi rizné barevné
luminofory, jejichZ kombinaci vznika vysledna barva.

Cerveny, zeleny a modry luminofor musi byt ovladdny zvlast a navic v mnoha trovnich intenzity, abychom dostali co
nejvétsi skalu zobrazovanych barev. U CRT monitord je princip jednoduchy, reguluje se elektronovy paprsek, ktery na
bod dopada. U plazma displeji funguje ovladani intenzity na principu modulace pulsniho kddu (Pulse Code Modulation
— PCM). Tato modulace slouzi k pfevedeni analogového signélu s nekone¢nym rozsahem na binarni slovo s pevné
danou délkou. Proto jsou PDP obrazovky pIné digitalni, coZ je spravny krok do budoucna.

R
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Obr — Rozdéleni pixelu na tfi barevné slozky
Intenzita kaZzdého subpixelu je uréovana pocétem a Sitkou napétovych pulsu, které dostdva burika béhem kaZzdého
snimku. Toho je dosaZeno tak, Ze trvani kazdého snimku je rozdéleno na nékolik kratsich éasti, podsnimkd. Beéhem této
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periody jsou pixely, které maji svitit, pfednabity na urcité napéti (pomoci zobrazovacich elektrod) a béhem zobrazovaci
faze je pak napéti aplikovano na cely displej (adresovaci elektroda). OvSéem to znamena, Ze rozsviti jen ony prednabité
subpixely a jejich intenzita je dana pravé urovni nabiti.

Standardni metoda uréuje 256 urovni nabiti pro kazdy subpixel, protoZe kazdy snimek je rozdélen na 8 podsnimkdi
ovladanych 8-bitovym slovem (viz PCM). Celd tato technologie se nazyva ADS (Address/Display Separated) a byla
vyvinuta v roce 1984 spolec¢nosti Fujitsu.

™ 9.5 VGA
™9.5.1

O 0O000O0
9.5.1.1 O 00 0 0O
© 0 0 ©

in Name Function

1 RED Red video signal

2 GREEN Green video signal

3 BLUE Blue video signal

4 n.c. Not connected

5 GND Ground

6 RED_RTN Red video signal return

7 GREEN_RTN Green video signal return

8 BLUE_RTN Blue video signal return

9 n.c. Not connected

10 GND Ground

11 n.c. Not connected

12 SDA I2C data

13 HSYNC Horizontal synchronization signal
14 VSYNC Vertical synchronization signal
15 SCL I2C clock

™ 9.6 DVI

== BEN EEE
= EEE NES
\ EEE EEH/

OVI-1 {Samgle Link)

s » INEEEEEE
- HEEEEEEN
\ EEEEEEEE

OWI-I (Dual Link)

EEE EEm
Moa61 | EEE HEEN/

OWI-D (Single Lnk )

EEEEEEEE
— EEEEEEEE
\ EEEEEEEE

DWYI-D [Dusd Link)

= u HER ]
== NN
\ an L 1LY

OV

+  DVI-D (digital only)
DVI-A (analog only)
+  DVI-I (digital & analog)
¥ 9.6.2 Minimum clock frequency: 21.76 MHz
Maximum clock frequency in single link mode: Capped at 165 MHz (3.7 Gbit/s)
Maximum clock frequency in dual link mode: Limited only by cable quality (more than 7.4 Gbit/s)
Pixels per clock cycle: 1 (single link) or 2 (dual link)
Bits per pixel: 24
Example display modes (single link):
HDTV (1920 x 1080) @ 60 Hz with 5% LCD blanking (131 MHz)
UXGA (1600 x 1200) @ 60 Hz with GTF blanking (161 MHz)
WUXGA (1920 x 1200) @ 60 Hz (154 MHz)
SXGA (1280 x 1024) @ 85 Hz with GTF blanking (159 MHz)
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Example display modes (dual link):
QXGA (2048 x 1536) @ 75 Hz with GTF blanking (2x170 MHz)
HDTV (1920 x 1080) @ 85 Hz with GTF blanking (2x126 MHz)
WQXGA (2560 x 1600) pixels (30" LCD)
WQUXGA(3840 x 2400) @ 41 Hz

6718

2]
2]

1

8]
2]

TN2(3|14]5
™ 9.6.3 9101|1213 {14 ](15(|16

1718119120 (|21)(22 |23 || 24
Pin Name Function
1 TMDS Data 2- Digital
2 TMDS Data 2+ Digital
3 TMDS Data 2/4 shield
4 TMDS Data 4- Digital
5 TMDS Data 4+ Digital
6 DDC clock
7 DDC data
8 Analog Vertical Sync
9 TMDS Data 1- Digital
10 TMDS Data 1+ Digital
11 TMDS Data 1/3 shield
12 TMDS Data 3- Digital
13 TMDS Data 3+ Digital
14 +5V
15 Ground
16 Hot Plug Detect
17 TMDS data 0- Digital
18 TMDS data O+ Digital
19 TMDS data 0/5 shield
20 TMDS data 5- Digital
21 TMDS data 5+ Digital
22 TMDS clock shield
23 TMDS clock+ Digital
24 TMDS clock— Digital

red - (Link 1)

red + (Link 1)
green — (Link 2)
green + (Link 2)

green — (Link 1)

green + (Link 1)

blue — (Link 2)
blue + (Link 2)

Power for monitor when in standby

Cl Analog Red

C2 Analog Green

C3 Analog Blue

C4 Analog Horizontal Sync
C5 Analog Ground Return for R, G and B signals

= 10 Radi¢ displeje

CBRAZOVA PamMil

LRE-N - -]

¥ 10.1

BURKDVE

blue — (Link 1)
blue + (Link 1)

red — (Link 2)
red + (Link 2)

Return for pin 14 and analog sync

and digital sync
and digital sync

clock + (Links 1 and 2)
clock — (Links 1 and 2)

pOnavE hAowa [£hsT)

BS8 ATASASRTS oo

INTERFRETACE

™ 10.2 Blokové schéma Fadi€¢e znakového rastrového displeje s burikovou interpretaci
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M 10.3 ...grafického displeje s bodovou interpretaci
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M 10.5 rozdil mezi DRAM a VRAM
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™ 10.5.2 Video DRAM (VRAM)

M 10.5.2.1 VRAM is a dual-ported version of DRAM formerly used in graphics adaptors. It is now almost obsolete, having been
superseded by SDRAM and SGRAM. VRAM has two paths (or ports) to its memory array that can be used
simultaneously.

The first port, the DRAM port, is accessed as with plain DRAM. The second port, the video port, is read-only, and is
dedicated to feeding a fast stream of data to the display. To use the video port, the controller first uses the DRAM port to
select the row of the memory array that is to be displayed. The VRAM then copies that entire row to an internal shift-
register. The controller can then continue to use the DRAM port for drawing objects on the display. Meanwhile, the
controller feeds a clock called the shift clock (SCLK) to the VRAM's video port. Each SCLK pulse causes the VRAM to
deliver the next item of data, in strict address order, from the shift-register to the video port. For simplicity, the graphics
adapter is usually designed so that the contents of a row, and therefore the contents of the shift-register, corresponds to
a complete horizontal line on the display.

™ 10.5.3 Burst EDO (BEDO) DRAM

™ 10.5.3.1 An evolution of the former, Burst EDO DRAM, could process four memory addresses in one burst, for a maximum of
5-1-1-1, saving an additional three clocks over optimally designed EDO memory. It was done by adding an address
counter on the chip to keep track of the next address. BEDO also added a pipelined stage allowing page-access cycle
to be divided into two components. During a memory-read operation, the first component accessed the data from the
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memory array to the output stage (second latch). The second component drove the data bus from this latch at the
appropriate logic level. Since the data is already in the output buffer, faster access time is achieved (up to 50% for
large blocks of data) than with traditional EDO.
Although BEDO DRAM showed additional optimization over EDO, by the time it was available, the market had made a
significant investment towards synchronous DRAM, or SDRAM, even though BEDO RAM was technically superior to
SDRAM.
[010.6 zakladni myslenky akcelerace grafického fadice.
™ 11 Tiskarna a zapisovaé
™ 11.1 Tiskarny: Uderové, rep. beztiderové, konturové, resp. bodové, tisk po znacich, resp. tisk Fadkovy...
™ 11.2 Tiskarny podle tisku: Jehlickové, inkoustové, laserove, s tepelnym prenosem.
™ 11.3 Tiskarny podle kvality tisku: NLQ -Near Letter Quality, jehlickové, 16 x 18, 16 x 22, LQ -Letterr Quality, 24-jehlickové, 600 dpi.
Ale tisk - 2100 dpi.??? Eernobily tisk, barevny tisk.
™ 11.4 Barevny model
™ 11.4.1 Tiskdrny pracuji na subtraktivnim principu michani barev (na rozdil od aditivniho u monitord). CMYK: Azurova (Cyan),
Purpurova (Magenta) a Zluta (Yellow), vétsina tiskdren pouZiva jesté Cernou (Black).
™ 11.5 znalost principu funkce laserové tiskarny, LED tiskarny, tryskové tiskarny, termotiskarny
M 11.5.1 Poditadova tiskarna nemize davkovat mnoZstvi pfenesené primarni barvy do jednoho tiskového bodu vyjimkou jsou
tiskarny pozivajici sublimaci barev a nékteré laserové tiskarny. VyuZiva se nedokonalost lidského oka - libovolny barevny
tén zobrazime tak, Ze v matici tiskovych bodu - (napfiklad 6x6) tiskneme jen néekteré body. Shluk bodd vnimame jako bod o
rdzné sytosti barvy. Tento algoritmus se nazyva poloténovani, resp. dithering.
™ 11.5.2 Jehlickové tiskarny
Tisknou pomoci matice jehlicek, které jsou elektromagneticky vystfelovany. Pfes barvici pasku vytvareji obraz. Rozdéluji se
podle poctu jehlicek (9, 18, 24) a tim i podle kvality tisku (NLQ, LQ —near letter quality a letter quality). Mohou tisknout i
barevné, pak je zapotrebi ¢tyfbarevna paska a adaptér pro jeji nastavovani.
™ 11.5.3 Laserova tiskarna
M 11.5.3.1 Fyzikalni pozadi
Fotokonduktivita-vodivost latky se méni v zavislosti na vnéjsim osvétleni. Elektrografie, objevena 1938 (Ch. Carlson,
Xerox Corp.). Koronaje elektricky vyboj, ktery emitovanymi elektrony ionizuje okolni plyn.
M 11.5.3.2 Fotokonduktivita
Schopnost vést elektricky proud v zavislosti na osvétleni. Fotokonduktory jsou v temnu izolanty, na svétle vodici.
M 11.5.3.3 1. Charging: A corona wire (in older printers) or a primary charge roller projects an electrostatic charge onto a
revolving drum (surfaced with a special plastic or garnet);
2. Writing: A Raster Image Processor (RIP) chip is used in laser printers to convert incoming images to a raster
image suitable for scanning onto the drum. The laser is aimed at a moving mirror which directs the laser through a
system of lenses and mirrors onto the photosensitive drum. Lasers (typically laser diodes) are used because they
generate a coherent beam of light for a high degree of accuracy. Wherever the laser strikes the drum the charge is
reversed, thus creating a latent electro-photographic image on the drum's surface;
3. Developing: The surface of the drum passes through the toner, a bath of very fine particles of dry plastic powder
mixed with ink or lampblack, and the charged toner particles are electrostatically attracted to the drum where the laser
wrote the latent image;
4. Transferring: The drum is pressed or rolled over the paper, transferring the image;
5. Fusing: The paper passes through a fuser assembly, which, having rollers that provide heat and pressure (up to
200 degrees Celsius), bonds the plastic powder to the paper;
6. Cleaning: When the print is complete an electrically neutral rubber blade cleans off any excess toner on the drum
and deposits it into a reservoir, and a discharge lamp removes the remaining charge from the drum.
™ 11.5.3.4 Barevny laserovy tisk?
Ctyri fotokonduktivni valce, tyfi tonery, jeden prdchod. Jeden fotokonduktivni valec, ¢tyfi tonery, ¢tyfi prichody.
™ 11.5.4 LED printers

M 11.5.4.1 are identical in principle to laser printers except for the light source used. LEDs are more efficient mechanically
than normal laser printers, since there are fewer moving parts.
™ 11.5.5 Ink-jet printer
™ 11.5.5.1 RozliSeni aZ 1200 dpi, rychlost tisku cca 4 strany za minutu. Levné typy maji inkoustovy zasobnik v jednom celku s
tiskovou hlavou — nutno ménit celé. Cena novych napini se tak ¢asto bliZi cené nové tiskarny, nebo ji dokonce
prevysuje. Vyrabéji se a jako velkoformatove, ¢asto dnes nahrazuji plotery. Kvalita tisku je zavislana druhu papiru, pfi
pouZiti kvalitniho papiru je vysledek srovnatelny s laserovou tiskarnou.
™ 11.5.6 Bubble-jet printer
™ 11.5.6.1 VyuZivaji k vytvofeni kapky tlaku, ktery je v komdrce vytvafen bublinkou vypafujiciho se inkoustu. Komdrka se pini
inkoustem pomoci kapilarnich sil. Pfi tisku se topnétélisko v komurce ohfeje na teplotu, pfi které se ¢ast inkoustu
vypari. Cely d€j trva asi 10us a spotfebuje se asi 130x107-12I inkoustu. Je to nejrychlejsi ohfev, kterého se vibec kdy
podafilo dosahnout. Z divodul odstranéni Spicek napajeni jsou tiskova téliska buzena postupné.
™ 11.5.7 Piezoelektricka tryskova tiskarna

™ 11.5.7.1 Vyuzivaji piezoelektrickou deformaci tiskové komurky. Pfed tiskem se bo¢ni stény roz§ifi pfivedenim napéti. Pfi tisku
se zméni polarita napéti, ¢imZ dojde ke zmenseni komurky a vystfiknuti inkoustu. Umozhuje v uréitych mezich
davkovaniinkoustu.
™ 11.5.8 Termotiskarny
M 11.5.8.1 Se specidlnim tepelné citlivym papirem
Obsahuji fadu polovodi¢ovych topnych télisek odpovidajicich jednomu tiskovému fadku. Potfebuji specidlni tepelné
citlivy papir. Jsou jednoduché, maji tichy provoz a jsou spolehlivé. Tisk vSak mamalou trvanlivost, po Case se ztrati.
M 11.5.8.2 S bé&Znym papirem a specialnimi barvivy
Pouziva termoplasticka barviva nanesena ve formé prouzkina nosné folii. Barvivo je v kontaktu s papirem, k jeho
prfeneseni dochazi zahfatima roztavenim prislusného mista. Specidlnim pfipadem je ablativni tiskarna (téz
termosublimacni). Barvivo neni v kontaktu s papirem, k jeho pfenosu dochazi sublimaci po ohfatia jeho
zkondenzovanim na papife. Vyhodou je moZnost davkovani.
™ 11.5.9 rozdily ink-jet a bubble-jet
™ 11.5.9.1 Ve zpudsobu vytvarenikapky: bubble-jet teplem, ink-jet piezoelektricky
™ 11.6 Rozdil mezi rastrovym a vektorovym ....to jasny,ne..?
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™ 11.7 ...a mezi inkrementalnim a spojitym zafizenim
™ 11.7.1 Inkrementalni s krokovym motorem. Spoijity, analogovy se servomotorem.
M 11.7.2 Inkrementalni NevyZaduje zpétnovazebni informaci. Vzpominéte si na vystavovani hlavicky diskety? Umi kreslici hlavu
vystavovat jen do urcitych bodtrastru!
™ 11.7.3 Spojity VyZaduje zpétnou vazbu. Kresbu tvofi potencidlné vSechny body kreslici plochy. Pouze zacatek a konec &ary je
mozny jen ,odnékud nékam*!
™ 11.8 digitalni vs. analogovy interpolator.
M 11.8.1 Spojity interpolator generuje signél pro polohovy servomechanismus, ktery fidi pohyb pisatka/média. Co pak déla diskrétni
interpolator? Caru v tomto pfipadé tvofi diskrétni mnozina bodd!
Bl 12 Vstupni zafizeni
™ 12.1 problémy kontaktnich spinact
M 12.1.1 ~1077 sepnuti
M 12.1.2 U vétsiny typl realizace klaves nastava problém s vibracemi kontaktd. Pfechodovy jev trva typicky 1 az 20 ms podle typu
spinace. Filtruje se napf. elektronicky (RS klopny obvod).
™ 12.2 bezkontaktni spinace
M 12.2.1 Kapacitni, spolehlivy, vydrzi 1078 sepnuti, s Hallovym prvkem, podobné, ale stale odebira zna¢ny proud, s
transformatorovou vazbou, vhodny do primyslovych aplikaci.
[ 12.3 algoritmy funkce fadic¢e klavesnice, realizace PC klavesnice.
E12.4 Mys
™ 12.4.1 principy funkce mechanické a optické mysi
M 12.4.1.1 Opticka mys$ 1999, uvedena optickda my§ NG. Senzory zachycuji 1500 snimkui/sec. Hlavni soucdsti: ervend LED,
CMOS senzor, procesor digitalnich signald. Neobsahuje pohyblivé souéasti nizsi pravdépodobnost selhani,
nedostane se dovnitf necistota. Zvysena rozliSovaci schopnost senzort niZsi odezva, nevyzaduje podlozZku, funguje na
témeér kazdém povrchu.
[012.4.2 detekce sméru pohybu
™ 12.5 Track Point a Touchpad, principy funkce.
™ 12.5.1 Pracuje na odporovém principu, tlakem (aZ ve tfech smérech) se méni odpor materidlu snimace. Vydrzi az 1077 akci.
M 12.5.2 Sensor->Zesilovac->uProcesor->PS/2, RS232
™ 12.6 Principy funkce zatizeni pro Pen Computing.
M 12.6.1 snimani: elektromagnetické(magnetické), elektrické, ultrasonické, optické(carovékddy).
M 12.6.2 Elektromagnetické(magnetické) snimani

Magnetic Field

; LC Tank in
S
™ 12.6.2.1
Array of
Magnetic
Cails in Pad
2000 dpi relative
100 dpi absolute
200 Hz rate
™ 12.6.3 Ultrasonickésnimani
250 dpi relative Ultrasonic
50 dpi absolute.—., Microphone
300 Hz rate )
Ultrasonic
Speaker
(40 kHz)
™ 12.6.3.1
Measure

time of arrival
and triangulate

™ 12.6.4 Elektrickésnimani
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Ordinary ink is
naturally conductive

™ 12.6.4.1
TRANSM ER -
455 kHz

Design target 3 volts

250 dpi relative =

50 dpi absolute ADC Mux  Aanp Oscillator

100 Hz rate e .

M 12.6.5 Pen Hardware Taxonomy

Technology Pen Paper Pad Comment
Magnetic Special Normal Special Dominant in market
Ultrasonic Special Normal Special Effected by air currents
Electric Normal Normal Special Tip contact hard to detect
Optical
Interferometer Special Normal Normal Relative tracking
Optical
Bar Code Special Special Normal Page tracking

™ 12.7 Znalost principt funkce dotykovych obrazovek.

M12.7.1

There are a number of types of touch screen technology:

Optical Imaging: A relatively-modern development in touch screen technology, two or more image sensors are placed
around the edges (usually the corners) of the screen. Infrared backlights are placed in the camera's field of view on the
other sides of the screen. A touch shows up as a shadow and each pair of cameras can then be triangulated to locate the
touch. This technology is growing in popularity, due to its scalability, versatility, and affordability, especially for larger units.
Resistive: A resistive touch screen panel is coated with a thin metallic electrically conductive and resistive layer that causes
a change in the electrical current which is registered as a touch event and sent to the controller for processing. Resistive
touch screen panels are generally more affordable but offer only 75% clarity and the layer can be damaged by sharp
objects. Resistive touch screen panels are not affected by outside elements such as dust or water and are the most
commonly used today.

Surface wave: Surface wave technology uses ultrasonic waves that pass over the touch screen panel. When the panel is
touched, a portion of the wave is absorbed. This change in the ultrasonic waves registers the position of the touch event
and sends this information to the controller for processing. Surface wave touch screen panels can be damaged by outside
elements. Contaminants on the surface can also interfere with the functionality of the touchscreen.

Capacitive: A capacitive touch screen panel is coated with a material, typically indium tin oxide that conducts a continuous
electrical current across the sensor. The sensor therefore exhibits a precisely controlled field of stored electrons in both the
horizontal and vertical axes - it achieves capacitance. The human body is also an electrical device which has stored
electrons and therefore also exhibits capacitance. When the sensor's 'normal' capacitance field (its reference state) is
altered by another capacitance field, i.e., someone's finger, electronic circuits located at each corner of the panel measure
the resultant 'distortion' in the sine wave characteristics of the reference field and send the information about the event to the
controller for mathematical processing. Capacitive sensors must be touched with a conductive device being held by a bare
hand or a finger, unlike resistive and surface wave panels that can use anything that can point, such as a finger or stylus.
Capacitive touch screens are not affected by outside elements and have high clarity.

Infrared: An infrared touch screen panel employs one of two very different methodologies. One method used thermal
induced changes of the surface resistance. This method was sometimes slow and required warm hands. Another method is
an array of vertical and horizontal IR sensors that detected the interruption of a modulated light beam near the surface of the
screen.

Dispersive Signal Technology: This the newest technology, introduced in 2002. It uses sensors to detect the mechanical
energy in the glass that occur due to a touch. Complex algorithms then interpret this information and provide the actual
location of the touch. The technology claims to be unaffected by dust and other outside elements, including scratches. Since
there is no need for additional elements on screen, it also claims to provide excellent optical clarity. Also, since mechanical
vibrations are used to detect a touch event, any object can be used to generate these events, including fingers and styli.
The technology is still quite new and is not currently widely available.

Strain Gauge: In a strain gauge configuration the screen is spring mounted on the four corners and strain gauges are used
to determine deflection when the screen is touched. This technology can also measure the Z-axis. Typical application falls
in protecting new touch-screen railway ticket machines from vandalism.

™ 12.8 Elektromagnetické a elektrostatické digitizéry (tablety)

¥ 12.8.1

™ 12.8.2

¥ 12.8.3

™12.8.4

Specifikace

Opacna funkce ke grafickym zapisovacdm: odmérovani a vstup soufadnic bodddo pocéitace. Digitalizuji se technické
vykresy, fotografie, rentgenové snimky atd. Vyrazné vyssi pfesnost nez pouziti svételného pera, rovny povrch pracovni
plochy.

Kategorie

Velkoplodné digitizéry digitalizace dat z velkych vykresd, vyuZiti grafického zapisovace se zaménénou kreslici hlavou.
Stolni digitizéry —tablety domaci pouZiti, snimacim ¢idlem ruéné pohybuje operator. Specializované digitizéry 2D s
pohyblivym médiem, 3D uzivanéna pracovistich CAD/CAM.

Slozeni

Snimaci ¢idlo a tlacitko, kterym operator uruje okamzZik digitalizace. Pracovni plocha a pfevod slouzici ke snimani polohy
c¢idla, rfadi¢a pfipojovaci elektronika, muize byt i displej, na némz se zobrazuji informace o soufadnicich, pfi nespfazené
préci digitizéru vnéj§i pamét digitalizovanych dat.

Prevod polohy na ciselny udaj 3

Pouziti potenciometru - odporovy princip. Snimaci ¢idlo je spojeno s béZzcem, méfenénapéti se prevadi ACprevodniky.
Nevyhoda: malé rozliSovaci schopnost, vyhoda: nizkénaklady. Pravouhly snimaci systém nahrazen dvoupakovym
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¥ 12.8.5

¥ 12.8.6

¥ 12.8.7

mechanismem polarniho systému. PouZiti kddovych kotouciv provedeni pro absolutni

nebo pfirdstkové snimani.

Elektromagnetické feseni prfevodu - s meandrem

UmozZriuje pouze pfirdstkovy reZim ¢innosti, zato jeho konstrukce je jednodussi. Jakou mizZe dosahnout rozliSovaci
schopnost?

Elektrostaticky digitizér

Vyuziva se kapacity mezi vodiéi rastru a snimaciho ¢idla. Ur€eni polohy &idla podle relativni hodnoty signalu, relativni
hodnota signalu ->pfispévky od jednotlivych vodicu

rastru.

Akusticky

VyuZiva Sifeni zvukovych vin vzduchem. PouZiti pro prostorovou 3D digitalizaci.

M 12.9 znalost principt pro pfirtistkové a absolutni snimani.

M12.9.1

™ 12.9.2

Absolutni snimani

V kterémkoliv okamZiku Ize zjistit polohu snimace. Kédové pravitko s binarnim kédem. Nevyhoda: mizZe poskytovat falesné
informace. Kddové pravitko s Grayovym kddem.

Vyhoda: méni se vZdy jen jeden bit.

Prirtstkové snimani

Pravitko nebo kotoué jsou jednodussi, snimaci zafizeni si musi pamatovat pfedchozi polohu. Dvojice posunutych €idel je
kvdli zjiSténi sméru pohybu.

™ 13 Zvukovy vstup
™ 13.1 pric¢iny a projevy kvantizaéni chyby a aliasingu;

¥ 13.1.1

M 13.1.2

¥ 13.1.3

Aliasing
Nespravné vzorkovani.

Shannontv vzorkovaci teorém

Signal, jehoZ spektrum je soustfedéno pouze v pasmu kmito¢tli<0, fmax> , Ize aproximovat fadou funkci(Fourier).
Koeficienty Fady jsou vzorky signdlu rovnomérné odebirané s kmitoctem vzorkovani, ktery je vétsi nez dvojnasobek
maximalniho kmitoctu v signalu obsazeném. Viz téZ Nyquist(1928) a Kotelnikov.

Kvantizaéni Sum

Pokud bychom vynesli velikosti chyb od jednotlivych vzorkd do grafu, ziskali bychom nahodny signal, kterému se Fika
kvantizaéni sum. Velikost Sumu je zvykem vyjadfovat jako pomérné Eislo v decibelech, a sice jako pomér uZite€ného
signalu ku Sumu. ProtoZe ¢&islo ve jmenovateli zlomku - kvantizaéni chyba je u vSech linedrnich pfevodniky stejna (interval
+1/2 az -1/2 kvantizaéni urovné), zavisi velikost kvantizaéniho sumu jen na ¢itateli zlomku, tedy na velikosti uzite¢ného
signalu, coz je maximalni pocet kvantizaénich urovni daného prevodniku.

™ 13.2 pouzitelny prevodnik pro zvukovy fetézec

™ 13.2.1

sigma-delta, rozliSeni: B=16-20 nebo B>20, ruchlost pfevodu: <1 Mvzorku/s, vyssi stfedni

™ 13.3 charakteristika a pfednosti ZA prevodniku

¥ 13.3.1

Idealni technologie pro VLSI obvody zpracovavajici spojité i diskrétni signdly (Mixedsignals). Posouvaji kvantizaéni
Sum pomoci ZAmodulatoru do vyssiho frekvenéniho pasma, realizuji pfevzorkovani, digitalné filtrujisignal
decimatorem. UmoZniuji realizaci pfevodnikd s velkym rozliSenim.

™ 13.4 zakladni principy psychoakustické komprese

™ 13.4.1

M 13.4.2

¥ 13.4.3

¥ 13.4.4

Psychoakusticky princip se opira o studium vlastnosti lidského ucha,

snazi se vytvofit nejdokonalejsSi model sluchu a s timto poznanim urcuje, co bude vlastné neslysitelné. Pak nevadi, kdyz se
pfislusnadata kompresi

ztrati. Autorstvi: Fraunhoferdvinstitut, SRN.

Priimérné lidské ucho

Frekvencnirozsah 20Hz - 20kHz, dynamicky rozsah (ticho -hluk) cca 96 dB. Prah slysitelnosti neni frekvenéné nezavisly,
hlasitosti a to dokonce nejen globalné, ale i lokalné(viz dale). Slysitelnost se méfiv jednotkach sone (hlasitost 40-ti dBtonu
o frekvenci 1 kHz).

Disledky frekvenéniho maskovani

Maskovani-jeden zvuk je pfehlusen jinym, silnéjsim. Maskovani je silnéjsi, jsou-li zvuky na blizkych frekvencich. Prah
slysitelnosti se méni podle toho, co je pravé slyset. Mluvime o aktualni maskovaci Sabloné.

Dusledky casového maskovani

Ucho majistou setrvacnost. Disledkem je, Ze po hlasitém zvuku chvili neslysime. Zprvu ponékud prekvapivy je jev

opacny ... ,Pfehlusené“je ucho déle, nez,zahlusené*.

™ 13.5 princip funkce kodéru .mpX (staéi Layer 1/2)

¥ 13.5.1

M 13.5.2

Layer1 - pouze frekvenénimaskovani.

Layer2 - pracuje se se tfemi framy vzorkd najednou (pfedch., souc., nasled.) -1152 vzorkd. Pouzito i ¢asové maskovani.
Koncovka .mp2

Layer3 - nejlepsi, redukce vazeb mezi stereo kanaly, kompresni pomér 1:6. Koncovka .mp3

Kodér neni standardem specifikovan upiné, zato dekodér je definovan pevné. Tato oteviena forma umozriuje budouci
vylep$eni, aniz by bylo nutné ménit standard. Obmériovat je tak mozZné psychoakustickymodel, popf. algoritmus bitové
alokace.
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M 13.5.3 Layer1/2 - princip kédovani
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™ 13.6 princip komprese v digitalni telefonii (RPE-LTP)

™ 13.6.1 13.2 kbps RPE-LTP(GSM 06.10)

™ 13.6.2 Navod na Géinné&j§i kompresi
Pouzijeme stejnou myslenku, podle které pracuji nejriznéjsi pocitacové akceleratory: kandlem nepienasime
Lbitmapu“hovoru, ale jeho ,vektorovy“popis. K tomu ucelu ale potfebujeme do dekodéru (i kodéru) vestavét syntezator reci
zaloZeny na modelu generovani signalu hlasovym traktem. Tomu se fika kddovani zdroje!

M 13.6.3 Znélé hldsky — (n, e ...) kvaziperiodicky prdbéh signalu.
Neznélé hlasky — (8, ¢€...) pribéh signdlu podobny sumu.

= kmitajici hlasivly
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o
)
- a x -
linedrig
wilro] =s, Py prenosovy | FeC
protddu e syvsiem
— (filtr)
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= oteviene hlasiviy

El 14 Obrazovy vstup
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M 14.1 CCD senzor (ChargeCoupledDevice)
CMOS (ComplementaryMOS)
Super CCD
Foveon
CIS (ContactimageSensor)
PMT (PhotoMultiplierTubes)
™ 14.2 orientace ve snimacich prvcich, znalost fyzikalniho principu CCD

™ 14.21
™ 14.2.2
¥ 14.2.3

M14.2.4

Kfemikovy MOS kondenzator (dioda)

CCD neni nic jiného neZ posuvny registr vystaveny plsobeni svétla

Vyhody: vysoky vykon a kvalita, ,zabéhnutost“vyroby. Nevyhody: vice riznych napéti + vysoka spotieba, postupné étent,
Za&dna integrovanalogika.

CCD vyuziva podobné jako vSechny ostatni svétlocitlivé souéastky fyzikalniho jevu znamého jako fotoefekt. Tento jev
spociva v tom, Ze ¢astice svétla foton pfi narazu do atomu dokaZe premistit néktery z jeho elektrond ze zakladniho do tzv.
excitovaného stavu.

Odevzda mu pfitom energii E=v.h,

kde v je kmitocet fotonu (u viditelného svétla v fadu stovek THz) a h je tzv. Planckova konstanta.

V polovodici se takto uvolnény elektron muZe podilet na elektrické vodivost respektive je mozno ho z polovodic¢e odvést

pomoci pfiloZenych elektrod, tak, jak se to déje napfiklad u bézné fotodiody. Ta proto po dopadu svétla vyrabi elektricky
proud. Stejné funguiji i fotoclanky, které se pouZzivaji jako zdroj elektrické energie.

U CCD je ovSem elektroda od polovodice izolovana tenouckou vrstvickou kyslicniku kfemicitého SiO2, ktery se chova jako
dokonaly izolant, takZe fotoefektem uvolnéné elektrony nemohou byt odvedeny pry¢.

Cinnost CCD se sklada ze tii fazi:

Pfiprava CCD

Béhem této faze jsou z CCD bez pfistupu svétla odebrany vsechny volné elekirony, ¢imzZ je z néj smazan jakykoliv zbytek
pfedchoziho nasnimaného obrazu.

Expozice obrazu

Na elektrody ozna¢ené na obrazku &islem 1 se pfivede kladné napéti a na CCD se necha pusobit svétlo (napfiklad v
digitalnim fotoaparatu se otevre zavérka). Dopadajici fotony excituji v polovodici elektrony, které jsou pak pfitahovany ke
kladné nabitym elektrodam. Po elektronech zbydou v polovodici tzv. diry, které viéi svému okoli vykazuji kladny naboj a ty
jsou naopak pfitahovany elektrodou na spodku CCD. Hranice pixelti jsou na obrdzku znazornény svislymi teckovanymi
¢arami. ProtoZe na pixel vlevo dopadlo vice fotond, je u jeho elektrody shromazZdéno vice elektrondl neZ u pixelu vpravo.

.3 .1 .2 .3
= T m— : vystup
—
Snimani obrazu
.3 .1 .2 .3 o1 .2 .3
- - — 1 — ] . -
Si0. _ _ vystup
8L -
si Q0000 +)
.3 .1 .2 .3 .1 .2 .3
] [ [ | [ I "
Si0: vystup
°8%° ~| »—o
si oodce o
.3 .1 2 .3 .1 .2 .3
1 [ — 1 | . 7
Si0: ; o vystup
Si coSCo N

Po uzavreni zavérky se zaéne na mnoziny elektrod 1, 2 a 3 pfivadét trojfazovy hodinovy signal (existuji i CCD se
ctyffazovym nebo naopak dvouféazovym étenim).

To v praxi znamena, Ze na elektrodach 2 se zaéne pozvolna zvySovat napéti, zatimco na elektrodach 1 se soubézné
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M 14.25

sniZuje. Diky tomu jsou shluky elektronu pfitahovany pod elektrody 2. Nasledné se cely déj opakuje mezi elektrodami 2 a 3,
dale mezi 3 a 1 a tak stale dokola. Shluky elektrond z jednotlivych pixeld se tak posouvaji pfes sousedni pixely smérem k
vystupnimu zesilovaci (na obrazcich vpravo). Tento zesilovaé pak zesili maly proud odpovidajici po¢tu nachytanych
elektrond v jednotlivych pixelech na napétové urovné vhodné pro dalsi zpracovéni obrazu.

AZ dosud byly popisovany ¢ernobilé CCD snimace. Barevny obraz se snima pomoci CCD prvki vzasadé dvéma metodami.
Bud'to se pouziji pro tii zakladni barvy R, G a B tfi samostatné CCD snimade, pred které se umisti barevné filiry, nebo se
barevné filtry umisti v Sachovnicovém vzoru pfimo pred jednotlivé pixely jediného CCD snimace.

Tricipové usporadani

Toto usporadani se pouziva zejména v profesionalnich a poloprofesionalnich TV kamerach, kde tolik nevadi vétsi velikost a
hmotnost kamery.

Vzhledem k nutnosti pfesného mechanického sefizeni jemné optiky a pfitomnosti tfi CCD snimacu jsou tfi¢ipové kamery
vyrazné drazsi nez jednocipové. Obraz v tomto usporddani prochazi od objektivu soustavou dvou polopropustnych zrcatek
s nanesenymi barevnymi filtry. Tato opticka soustava ho rozdéli na obrazy pro tfi CCD snimace.

™ 14.3 princip funkce barevného skeneru s CCD a CIS

M14.3.1

M 14.3.2

¥ 14.3.3

M 14.3.4

¥ 14.35

CIS skenery

PouzZivaji pouze jeden fadek senzord, jeZ jsou umistény co nejbliZze snimané

predloze. Zdrojem svétla jsou tfi fFadky LED diod v zékladnich barvach, které jsou pfimo integrovany do cteci hlavy.

CIS vs. CCD

Vyhody: nemaji sloZity opticky systém, sniZzené napajeci napétina 5 V, nevyZaduji ustdleni svételného toku, jsou levnéjsi,
maji vyssi Zivotnost snimaci hlavy, jsou lehéi.

Nevyhody: neumozriuji snimat transparentni pfedlohy (diapozitivy a filmy), maji niZsi rozliSovaci schopnost na tmavsich
plochach predlohy pfi vétsi vzdalenosti pfedlohy od plochy skeneru (napf. hfbet vdzaného dokumentu)

rychleji klesa osviceni.

PMT skenery

na kazdou barvu maji jeden senzor (RGB model). Odpadaji barevné chyby a

tolerance, které mohou vzniknout pouzitim tisict jednotlivych prvkd. Senzory jsou kalibrovatelné fotonasobice (diky
zesilovani svétla postihnou odstiny i

velmi tmavych ¢asti). Konstruuji se v bubnovém provedeni.

Bubnové skenery

Pfi pouZiti této technologie jsou skenované predlohu umistovany z vnitini strany specialniho skenovaciho bubnu a to
prakticky bez nutnosti montovani. Pouze s pouzitim oleje, ktery po rozto¢eni bubnu vytvori tenkou filmovou vrstvu mezi
pfedlohou a sklem bubnu. Pfedloha je pfitom na buben pevné fixovana odstfedivou silou. Skenované pfedlohy neni navic
nutné precizné distit, nebot necistoty jsou vytlac¢eny z predlohy odstfedivou silou a soustiedi se v horni ¢dsti bubnu.
Laserovy skener

Jedna se vlastné o jiné zafizeni. Jeho ucelem je snimani ¢arovych kédd, nebo 3D snimani. Technologické provedeni
aktivni bezkontaktni snima¢, pasivni bezkontaktni snimac, kontaktni tuzkovy snimac.

[ 14.4 Blokové schéma digitalniho fotoaparatu/kamery
™ 14.5 zéakladni myslenky JPEG a MPEG komprese.

M 14.5.1

M 14.5.2

™ 14.5.3

JPEG - zakladni vlastnosti

JPEG - Joint Picture Expert Group, polovina 80. let. Pracuje s barevnym modelem YCbCr, do modelu RGB Ize ale
jednoduse prejit:

Y =0,3R+0,6G+0,1B,

Cb=0,5(B-Y)+0,5 a

Cr= 10/16(R-Y)+0,5

Podvzorkovani chrominanci.

JPEG dekomprese

Opacny postup. Komprese je (v podstaté) symetricka, dekomprese trva stejné dlouho jako komprese.

Many of the options in the JPEG standard are not commonly used. Here is a brief description of one of the more
common methods of encoding when applied to an input that has 24 bits per pixel (eight each of red, green, and
blue). This particular option is a lossy data compression method.

Color space transformation

First, the image is converted from RGB into a different color space called YCbCr. This is similar to the color space
used by NTSC and PAL color television transmission, but is most similar to the way the MAC television transmission
system works.

The Y component represents the brightness of a pixel
+  The Cb and Cr components together represent the chrominance
This encoding system is useful because the human eye can see more detail in the Y component than in Cb and Cr.
Using this knowledge, encoders can be designed to compress images more efficiently.

Downsampling

The above transformation enables the next step, which is to reduce the Cb and Cr components (called
"downsampling" or "chroma subsampling"). The ratios at which the downsampling can be done on JPEG are 4:4:4
(no downsampling), 4:2:2 (reduce by factor of 2 in horizontal direction), and most commonly 4:2:0 (reduce by factor of
2 in horizontal and vertical directions). For the rest of the compression process, Y, Cb and Cr are processed
separately and in a very similar manner.

Discrete cosine transform
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The DCT transforms 64 pixel to a linear combination of these 64 squares

The 8x8 subimage shown in 8-bit greyscale

The compressed 8x8-squares are visible in the scaled up picture, as well as the visual artifact of the lossy compression

Next, each component (Y, Cb, Cr) of the image is "tiled" into sections of eight by eight pixels each, then each tile is
converted to frequency space using a two-dimensional forward discrete cosine transform (DCT, type Il). If one such
8x8 8-bit subimage is:

[52 55 61 66 70 61 64 73]

kil
63 59 55 90 109 B85 69 72
62 59 68 113 144 104 66 73
63 58 71 122 154 106 70 69
67 61 63 104 126 88 638 70
79 65 60 TOD T7 68 B8 TH

85 71 64 59 55 61 65 83
87 79 69 68 65 Y6 T3 94

which is then shifted by 128 results in

[—76 —73 —67 —62 —58 —G67 —64 —55
—65 —69 —-73 —38 —-19 —43 59 56
—66 —-69 —-60 —-15 16 —-24 —62 -—55
—65 -7 -57 -6 26 —-22 —-58 -—59
—-61 —67 —-60 —24 -2 —40 —60 -—53

T

—49 —-63 -68 —58 -—-51 —60 —70 —53
—43 —57 —-64 —-69 -—-T73 —67 —63 —45
—41 —49 -39 —-60 —-63 —-52 —-50 -—34

and then taking the DCT and rounding to the nearest integer results in
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[—415 —30 —61 27 56 —20 -2 0 |
4 —22 —61 10 13 -7 -9 5
—47 7 7 =25 -29 10 5 -6
—49 12 34 =15 —-10 6 2 2
12 -7 =13 -4 =2 2 =3 3
—3 3 2 -6 -2 1 4 2
—1 0 0 -2 -1 =3 4 -1
0 0 -1 —4 -1 0 1 2|
Note the rather large value of the top-left corner. This is the DC coefficient.
Quantization

The human eye is fairly good at seeing small differences in brightness over a relatively large area, but not so good at
distinguishing the exact strength of a high frequency brightness variation. This fact allows one to get away with
greatly reducing the amount of information in the high frequency components. This is done by simply dividing each
component in the frequency domain by a constant for that component, and then rounding to the nearest integer. This
is the main lossy operation in the whole process. As a result of this, it is typically the case that many of the higher
frequency components are rounded to zero, and many of the rest become small positive or negative numbers.

A common quantization matrix is:

(16 11 10 16 24 40 51 61
1212 14 19 26 5H3 60 5D
14 13 16 24 40 57 69 56
14 17 22 29 51 87 80 G2
18 22 37 56 G383 109 103 77
24 35 bHH 64 81 104 113 92
49 64 78 87 103 121 120 101

|72 92 95 98 112 100 103 99

Using this quantization matrix with the DCT coefficient matrix from above results in:

[—26 —3 —6 2 2 —1 0 0]

0 -2 —4 1 1 0 0 0
-3 1 5 -1 -1 0 0 O
-4 1 2 -1 0 0 0 0

1 0 0 0 0 0 0 O

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 00

For example, using —415 (the DC coefficient) and rounding to the nearest integer

I

round (

g};‘.t//—;f?? ]

SRS

Entropy coding

J) — round (—25.9375) — —26

Entropy coding is a special form of lossless data compression. It involves arranging the image components in a
"zigzag" order employing run-length encoding (RLE) algorithm that groups similar frequencies together, inserting
length coding zeros, and then using Huffman coding on what is left. The JPEG standard also allows, but does not
require, the use of arithmetic coding which is mathematically superior to Huffman coding. However, this feature is
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rarely used as it is covered by patents and because it is much slower to encode and decode compared to Huffman
coding. Arithmetic coding typically makes files about 5% smaller.

The zig-zag sequence for the above quantized coefficients would be:

-26,-3,0,-3,-2,-6,2,-4,1,-4,1,1,5,1,2,-1,1,-1,2,0,0,0,0,0,-1,-1,0,0,0,0,0,0,0,0,0,0,0,0,0,
o000000000000000000000000

JPEG has a special Huffman code word for ending the sequence prematurely when the remaining coefficients are
zero. Using this special code word, EOB, the sequence becomes:

-26,-3,0,-3,-2,-6,2,-4,1,-4,1,1,5,1,2,-1,1,-1,2,0,0,0,0, 0, -1, -1, EOB

JPEG's other code words represent combinations of (a) the number of significant bits of a coefficient, including sign,
and (b) the number of consecutive zero coefficients that follow it. (Once you know how many bits to expect, it takes 1
bit to represent the choices {-1, +1}, 2 bits to represent the choices {-3, -2, +2, +3}, and so forth.) In our example
block, most of the quantized coefficients are small numbers that are not followed immediately by a zero coefficient.
These more-frequent cases will be represented by shorter code words.

The JPEG standard provides general-purpose huffman tables; encoders may also choose to generate huffman tables
optimized for the actual frequency distributions in images being encoded.

Compression ratio and artifacts

The resulting compression ratio can be varied according to need by being more or less aggressive in the divisors used
in the quantization phase. Ten to one compression usually results in an image that can't be distinguished by eye from
the original. 100 to one compression is usually possible, but will look distinctly artifacted compared to the original.
The appropriate level of compression depends on the use to which the image will be put.

Those who use the World Wide Web may be familiar with the irregularities known as compression artifacts that
appear in JPEG digital images. These are due to the quantization step of the JPEG algorithm. They are especially
noticeable around eyes in pictures of faces. They can be reduced by choosing a lower level of compression; they may
be eliminated by saving an image using a lossless file format, though for photographic images this will usually result
in a larger file size. Compression artifacts make low-quality JPEGs unacceptable for storing heightmaps. The images
created with ray-tracing programs have noticeable blocky shapes on the terrain.

Some programs allow the user to vary the amount by which individual blocks are compressed. Stronger compression
is applied to areas of the image that show less artifacts. This way it is possible to make a JPEG file smaller/prettier
by hand.

Decoding
Decoding to display the image consists of doing all the above in reverse.
Taking the DCT coefficient matrix (after adding the difference of the DC coefficient back in)

[—26 -3 -6 2 2 —1 0 0]

0o -2 —4 1 1 0 00
-3 1 5 -1 -1 0 00
-4 1 2 -1 0 0 00

1 o 0 0 O 0 0O

0 o 0 o0 0 0 00

0 o 0 0 0O 0 0O

o o0 0 ©0 0 0 06O

and multiplying it by the quantization matrix from above results in
[—416 —33 —60 32 48 —40 0
0 —24 56 19 26 0 0
—42 13 30 —24 —40
-56 17 4 -29

13 0 0 0

0 0 0 0

0 0 0 0
0 0 0 0 0 0 0 0

o oD o O

o o oo o

o o oo o

o o oo oo O

which closely resembles the original DCT coefficient matrix for the top-left portion. Taking the inverse DCT (type-lIl
DCT) results in an image with values (still shifted down by 128)
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1454

Notice the slight differences between the original (top) and decompressed image (bottom) which is most readily seen in the bottom-left

corner.

[—68 —65 —73 —70
-70 -T2 -T2 -—45
—68 76 —66 —15
—62 -T2 —-60 -6
—29 —66 —63 —28
—60 —60 —-67 —60
—54 —46 —-61 -4
—45 —-32 51 -T2
and adding 128 to each entry

(60 63 H5 58 70
23 56 H6 33 103
60 52 62 113 150
66 56 63 122 156
69 62 65 100 120
68 68 61 68 T8
74 82 67 b4 63
83 96 77 56 7O

-3
D

-3
—2
11
11
4

with an average absolute error of about 5 values per pixels (i.e.,

—3
3
7
2

—1

-3

—11
—17

6 3 0
-1 7 1
6 0 -6
3 0 =2
3 4 6
-1 2 -1
-3 5 -3
-3 12 -3

—58 —67 —70
—20 —40 —65
2 —12 58
28 —12 —59
—8 —42 —69
—50 —68 —75
—65 —64 —63
—58 —45 —45
61 58 80]
88 63 71
116 70 67
116 69 72
86 59 76
60 53 78
64 65 83
83 83 80|

0 6 7]
-3 6 1
—12 -4 6
~10 1 -3

2 9 —6

8 5 -3
-3 0 0
7 -5 5

—48]
—57
—61
—56
—52
—50
—45
—39

This is the uncompressed subimage and can be compared to the original subimage (also see images to the right) by
taking the difference (original - uncompressed) results in error values

). The error

1 8 8
=3 e(z,y)| = 4.8125
64 r=1y=1

is most noticeable in the bottom-left corner where the bottom-left pixel becomes darker than the pixel to its
immediate right.

MPEG

MPEG -MovingPicture Expert Group (expertniskupina vytvofenav roce 1988),
ukol: vytvofit jednoduchy, levny a univerzalné pouzitelny kompresni standard. Skalovanakoncepce (MPEG-1, ..., MPEG-7).
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Zadani pocitalo s nesymetrickou kompresi. Obsahuje kddovanou video-i audio-sloZku a nezbytné prostfedky pro jejich
rozdéleni a synchronizaci, je tedy nutné MPEG datovy tok pfi dekddovani rozdélit.

M 14.5.5 MPEG videokanal
Zakladnim komprimovatelnym prvkem video sekvenceje snimek. MPEG pfedpoklad: mnohé informace se v nasledujicich
snimcich opakuji. Proto se (u nékterych snimkd) ukladaji jen rozdily vzhledem k pfedchazejicim/nasledujicim. 3 druhy
komprimovanych snimkd(l-, P-, B-) typickym datovym objemem 15 :5: 2.

M 14.5.6 MPEG Typy komprimovanych snimku
I-snimek (Intra-Frame), kdduje se samostatné (technikou JPEG). P-snimek (ForwardPredictedFrame), kéduje se s ohledem
na pfedchozil-nebo P-technikou pohybové kompenzace (Motion Compensation). B-snimek (Bi-directional PredictedFrame),
jako vztazny pouZiva pfedchozii nasledujici I-nebo P-snimky.

™ 14.6 Carové kody diskrétni a spojité, 1D a 2D.

M 14.6.1 nejstarsi a nejrozsifenéjsi metoda automatické identifikace kombinace tmavych ¢ar a svétlych mezer data obsazend v
¢arovém kodu: ¢islo vyrobku,
¢islo objednavky, misto uloZeni ve skladu, sériové ¢islo datum vyroby...

™ 14.6.2 Princip
Tmavé c¢ary a svétlé mezery jsou éteny snimaci vyzarujicimi ¢ervené nebo infracervené svétlo. Svétlo je tmavymi ¢arami
pohlcovano, svétlymi mezerami odraZeno. Rozdily v reflexi jsou pfevedeny v elektrické signaly, které odpovidaji Sifce ¢ar a
mezer. Signaly jsou pfevedeny ve znaky, které obsahuje pfislusny ¢arovy kod. Posloupnost ¢ar a mezer je pfesnédana
pouzitym typem kddu.

M 14.6.3 Zakladni pojmy
Symbol - Vlastni ¢arovy kdd, ktery zac¢ina znakem start, nasleduji data s pfipadnym kontrolnim souctem a na konci znak
stop. Pfed nim a za nim musi byt klidovazéna — misto bez potisku.
Kédy souvislé(spojité) - Souvislé ¢arové kddy zacinaji ¢arou, konéi mezerou a nemaji meziznakové mezery
Kody diskrétni - Diskrétni ¢arové kody zacinaji ¢arou, konci ¢arou a mezi jednotlivymi znaky se nachazi meziznakova
mezera.

M 14.6.4 Jednotlivé typy éarovych kod
Code39 a Code39 Mod43
UP.C.A
U.P.C.EOa U.P.C. E1
EAN 13 a EAN 8
Code93
Interleaved2/5 alnterleaved2/5Mod10
Code128
Codebar
MSI

™ 14.6.5 2D

™ 14.6.5.1 Zacaly byt vétSi naroky: obsahnout vétSi mnozZstvi informace, zmensit velikost kédu.

M 14.6.5.2 Snimani jak ve vertikdlnim, tak horizontalnim sméru=> nejsou vertikalné redundantni. Minimalni velikost mista pro
zakédovani dat , aZ30x mensi oproti 1D, nesou 10 aZ100 krat vice informaci neZ 1D, techniky tisknuti stejnéjako 1D
kddd nebo pfimé/permanentni znaceni na material, mozZnost znaceni na svétlo odrazejici materidl vSesmérové
vysokorychlostni snimani, vysoka pfesnost a spolehlivost opravy informaci.

™ 14.6.5.3 Déleni 2D kédu
Skladany (Stacked) kéd - vznika skladéanim 1D ¢arovych kddu skladajicich se z ¢ar a mezer proménné délky do
horizontalnich vrstev
Maticovy (Matrix) kéd - kod je tvofen sloZenim bunék ( moduld) rdzného tvaru (Etverec, sestiuhelnik, kruh)
pfipominajici dvourozmérnou matici.

™ 14.6.6 Omezujici faktory éarovych kéd - PoZaduje se pfima viditelnost, trvanlivost, dosah, datova kapacita, sekvenéni ¢teni,
nemoznost zapisu.

™ 14.7 Principy RFID - Radio Frequency Idenification

M 14.7.1 aktivni - napéjeny baterif
pasivni - aktivovany ¢tecim zafizenim
nizkofrekvenc€ni - pomalejsi; pracuji na principu indukéni vazby
vysokofrekveneni - vétsi pracovni vzdalenost, vétsi, drazsi

™ 14.7.2 Pasivni
Vysilaé¢ (snimac) periodicky vysila pulsy do okoli. Pokud se v blizkosti objevi pasivni RFID &ip, vyuzije pfijimany signal k
nabiti svého napajeciho kondenzatoru a odesle odpovéd.
Aktivni
PouZziva se méné ¢asto nez pasivni systém RFID. Jsou totiZ sloZitéjsi a draZsi, jelikoz obsahuji navic i zdroj napajeni a jsou
schopny samy vysilat své identifikace - pouZivaji se proto pro aktivni lokalizici.

M 14.7.3 Dalsi generace identifikatord navrZzenych (nejen) k identifikaci zbozi, navazujici na systém ¢arovych kédd. Inicidgtorem
vyvoje je stejné jako u ¢arovych kédd firma WalMart. }
Cipy jsou k dispozici v provedeni pro ¢teni nebo pro ¢éteni a zapis. Cipy vyuZivaji pfevazné nosnou frekvenci 125 kHz, 134
kHz a 13,56 MHz. V nékterych statech se daji pouZivat i dal$i frekvence jako 868 MHz (v Evropé&) a 915 MHz (v Americe).

™ 14.7.4 RFID &ipy obsahuji 96bitové unikatni &islo takzvané EPC.To se pfidéluje centrdlné vyrobcim v jednotlivych fadach. EPC o
délce 96 bitli ma nabidnout dostate¢ny ¢iselny prostor 268 miliondm vyrobcl produkujicim kazdy 16 miliond druhl vyrobkd
(tfid) a v kaZdé tridé je prostor pro 68 miliard sériovych Eisel. ProtoZe zatim neni ani teoreticky vyhled na upotfebeni
takového mnozstvi €isel EPC, mohou cipy pouZivat EPC o délce 64 bitd, coz snizi jejich cenu. Na druhou stranu je zde i
vyhled pro prechod na 128 bitd pro pfipad, Ze by ¢éiselné rady prestaly stadit.

™ 15 zdroje
M 15.1 slidy z pFedndsek a cviceni
™ 15.2 wikipedia [en, cs]



