Pusnyeckme OCHOBbI
(POpMUPOBAHUSA
BUAEOKOHTEHTA



BUaeOKOHTEHT — nHdOpMauns, NnpeacTaBeHHas
B My/1bTUMeAUMHOM opMaTe, OCHOBAHHOM Ha
noTpebHOCTAX LENeBou ayamTopum WU ee
NepLenTMBHbIX HaBbIKax.



MHdDOPpMaLIMOHHbIN
O6pa3oBaTesibHbIN
HayuyHO-TEXHMYECKUM
[1JOKYMEHTasIbHbIN
Pa3B/iekaTesbHbIN
PeknamMHbIN



1

SpUTENBHBIY aHANU3ATOP U ero CTpYKTypa

3peHue u4enoBeKka (3puTesnibHOe BOCMpUATHE) —
CrOCOBHOCTbL YesioBeKa BOCMPUHMMATb WMHMOPMAaLMIO
nyTeM nNpeobpa3oBaHUS 3HEPrUN SNEKTPOMArHUTHOIO
N3Ty4EHNS] CBETOBOIM0 /AMana3oHa, OCYLECTBISIEMOro
3pUTENIbHON CUCTEMOMN.

3peHue - cybbekTUBHOE BOCMpUATHE
OOBbEKTMBHOIO MMpa MNOCPeACTBOM CBeTa C
MOMOLLIbIO 3pUTENBHOWN CUCTEMBI.



3pUTENbHbIN @HANU3aTOP COCTOUT U3 3-X YaCTEMN:

nepudepnyecknm otaen — rna3Hble 96/70kM ¢
peLenTopaMun CeTYaTKN rnasa;

NMPOBOAHUKOBASA YaCTb — 3pUTENbHbIA HEPB;

LEeHTpaZbHbIM  OTAEN — LUEHTp  3pUTENbHOro
aHanu3aTopa, JIOKa/M30BaHHbIM B  3aTbI/IOYHOU
4aCTW roOOBbI.



CxemMa CTPOEHWUS 3pUTENLHOro aHanusaTopa

Maa3ausie abnokn
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PesynsTaT 06paboTiy 3pUTEnbHOW NHMDODPMaLMA:

BOCMPUSATUE CITOXKHbIX 3pUTESbHBbIX OO BEKTOB,
HanpuMep, NeYaTHOro TEKCTA B KHUTE;

OLIeHKa pa3MepoB, POpPMbI, Yaa/IeHHOCTH
npeaMeToB;

hopMMpOBaHME BOCMPUATUSA NEPCMNEKTUBDI;

pasnuymne Mexay nioCKUMM U 06BbEMHbBIMU
npegMeTamu;

obbeamHeHne Bcen NosydeHHoU nHdopMaLmn B
LIENOCTHYIO KapTUHKY.



Paspes rnasa




OnTnyeckass 0bnacTb cnekTpa:
Aot 10 HM go 1 MM
CnekTp ONTUYECKUX U3TYYEHNN AENUTCSA Ha TPU y4YacTKa:
ynbTpadunonetoBble nsnyyenms — ot 10 go 380 HM;
Buanmble nanydyeHus — ot 380 ao 770 HM;
NHPaKpacHble n3nyyeHns — ot 770 ao 1 mm.



3aBUCAMOCTb OTHOCUTENBHOW HYyBSCTEBUTENIoHOCTY
HENI0EBEHeCKOro Miadsd OT JIVH BOJIHI U3JTY“SHW

(D

U, = p(r) - OTHOCUTErbHAs 4yBCTBUTENLHOCTD,
COOTBETCTBYIOLLAA ONMHE BOSHbI A;
A ;= 555 HM



3aBYICUMOCTb OTHOCUTENLHOW YyBCTBUTENLHOCTY
rnasa oT 4JIHLI BOMHLI U3NYUEeHUs
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(KpHBas BHIHMOCTH) B YCIOBHAX JHeBHOro F{A) U HouHoro (L) 3penus



Pasno)xeHne ceeTa B CNexTp BCneacTeue
OUCNepCUn

‘ [pu3ma DKpaH
bensiit ceer A
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3enenslit
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380—430 HM — (DMONETOBLIN,
430—470 HM — CMHUH,
470—490 HM — ronybomn,
490-565 HM — 3eNeHbIN,
565-595 HM — XenTbin,
595-620 HM — OpaH>XEBbIN,
620—770 HM — KpacCHbIM.
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L{BeToBOM TOH (CyObEKTMBHBIM NapaMeTp) —
XapaKTepHOe CBOWCTBO LIBETA, MO3BOIAIOLLEE
0603Ha4vYaTb ero Kak KpacHblW, CUHWUN, XXENTbIN U
T..

Aomunupyrowas (npeobnagarowjas) A/imHa
BOJIHBI A, (PU3nyecknit napaMeTp) — AnHa
BOJTHb MOHoxpOMaTMLleCKoro M3NyYeHNS TOro
)X€ LIBETOBOIro TOHa, YTO U AaHHbIN LIBET.



puc.3 U3meHeHUe LBETOBOro ToHa



HacbiljeHHocTb (CybbekTVBHbIV NapaMeTp) —
CBOWCTBO LIBETOBOIO OLLYLLEHWS,
XapakTepu3sylollee cTeneHb yaaneHHOCTH
NAHHOro LBeTa No 3puUTesibHOMY BOCMPUSATUIO OT
6enoro.

Kosiopnmerpnyeckasn yncrora ysera P
((PM3NYECKNN NApaMETP) — OTHOCUTESNbHOE
coAepXkaHue B HEM CreKTpasibHOro LBeTa
(MOHOXpPOMATMYECKOro CBETOBOrO NOTOKa F))

P=F/F=F/(F;+F)



puc.2 U3ameHeHue HacbiweHHocTu oT 100% Ao 0.



CMeleHne UBeToB




OCHOBHOY 3aKOH CMELleHns LBeTOB

fF=rR+g'G+Db'B

FF+rR=g'G+b'B

ffF=-rR+g' G+b'B



F=f(Ll)\IpIXIYIZIt)
[nsa 4/6 TeneBUaeHUS:
L(x,y, ©)



1 npuHumn TB - pa3bueHne nepenasaemMoro obbekTa
Ha MHOXXeCTBO 3/1eMEHTApPHbIX MI0LWAA0K (3/1eMEHTOB)

2 npuHumn TB - nocnegosaTtenbHas nepenava
MHMOPMALIMKN O APKOCTSAX BCEX IEMEHTOB NU306paXKeHus
— Da3BEPTKE U300pPa KeEHMS

3 npuHumn TB — BbiI6op Takom ckopocTn (4acToThbl)
nepeaayvun Kaapos, 4YTobbl, 6n1arogaps MHEPLMOHHOCTU
3peHusi, obecrneunBanocb CIMTHOE BOCMPUATUE
n3obpaxkeHus.



Bup pa3BepTku

®opmat kaapa K

YMcno CTpok pasnoxeHus Z

Yncno KkagpoBs, nepenaBaeMblX B CEKYHAY n



Pa3BepTka n3o0paxeHus

Cnocobbl pa3BepTKu:

——

-

1. PagnansHas 2. CnupanbHas 3. 3ursaroobpasHas 4. CuHycoumgansHas




JlnHenHo-cTpoYHas pa3BepTka

Z, N, K — napamMeTpbl pa3BepTKu

Pa3BepT|<a BOOJIb OCU X — CTPOYHAaA
BOOJIb OCUN Y — KapoBa#

= Y h - BblCcOTa pacTtpa
A b — WwnpuHa pacTtpa
b/ h=k-dcdopmaTt kKagpa

Z - 4Yncno CTPOK B Kagpe
N - YACNO KagpoB B CEKYHAY

A

a=h/z=500/625 < 1mm



dopma ToKa CTPOYHOW —I, U KaOpOBOU — I, pa3BEPTOK
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Tz=tzl+t22
f,=1/T,

Tn=tn1+tn2
f,=1/T,

Z=T,/T,=f,/f,



GopMmaT kagpa - K
¢dopma xentoro nNATHa

b/h=4/3=K-dopmar kagpa

b B =160 -20°



OnTumanbHoe paccTodaHue paccmartpuBaHma TB nsobpaxeHus.

tg (a/2)=h/2L,,,

h ________________________________ <a __________ ? _____________ h’ Lon'r_ =h/2tg (0/2)

a=129 tg6°=0,1; L,..=5h
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A
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Yncno CTpok pasnoxeHns — Z

Z=a/5=(120-15%)/(1' -1,5 =600

.G — nokasarersnb KadyecTBa
K0 ©2/6) M 0 S

95%

Ctangapt Poccun 625
CWWA 525

NV

625 1200



Uncno kagpos B cekyHAy - N

3puTenbHasa NHepLms
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Ob00LLEeHHasa CTPYKTYpHasa cxema

TeneBn3noHHOU CUCTeMb!

[Nepeparowian yactb

MNMpeoGp.
cBeT/curHan

|

Ycunurtensb
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YyCTPOUCTBO
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[lpueMHan 4yacTb
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YCTPOUCTBO

Buageo-
AEeTeKTop
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dopma 1 cBOMNCTBa TENEBU3MOHHOIO CUrHana.
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OCHOBHbIEe OCODOEHHOCTU TeneBU3NOHHOIro curHana

CurHan uMeeT MMNYIbCHbIN XapakTep.
TeneBn3NoHHbIN CUrHan sIBASIETCA NEPUOANYECKUM.

CurHan YHUNOJIAPEH N COOEPKNT NMOCTOAHHYHO COCTaBJTAOLLYIO.

e =

[NnHamuyecknn gnanasoH B curHana onpenensercs YpoBHAMU YEPHOro u
benoro

5. UckaxeHne popmbl TB curHana npuBoguT K UCKaXXEHNIO N306paxkeHus:.
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[MonHbIN TeneBnanoHHbIM curHan (MTBC)
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MapameTpsl MNTBC (CTpo4HbIM MHTEPBanN)

T,=64 MKkc = H
t.,= 52 MKC
t. .= 12 MKC
t..= 4,/ MKC
L= 1,5 MKcC



MonHbI TeneBn3noHHbIn curHan (MTBC)
(KagpoBas ocuuanorpaMma)
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MapameTtpsl MTBC (KaapoBbi MHTEPBanN)

T, = 20 MC
t.,.=1,6mMc=25H
t.= 0,16 mc = 2,5H



CI'IeKTp 4aCcTOT TENEBU3MOHHOIO CUrHana n ero 0oCobeHHOCT

CnekTp 4acToT COOEPXKWUT:
- Hu3kue vactotbl Af, B nHTepeane ot 0 4O HECKOMbKNX repy
(moCcToOAAHHasA cocTaBnsaoLas)

- YacToTHble cocTasngowme B nonoce ot f .. oo f._.

fin — COOTBETCTBYET W300OpaKeHWo uMerolweMy MUHUManbHoe
4YMCIMO U3MEHEHUWN APKOCTMN.

f =1/ T,=n

v




f ...,— COOTBETCTBYeT AeTanun naobpaxkeHust MUHMMarbHOro pasmepa

b

max

t,- Bpemsd pa3BepTku (4/IUTENbHOCTb) OAHOMO
3MIEMEHTA N306paXkeHusl.

foax= 1/ T=1/2¢
g=TK/N=1/nN;
N— 4yncno aneMeHToB B Kaape
N — YNC/I0 KaapoB B CeK.
N=N, Z;
E N, — 4MCno 31eMEHTOB B CTPOKE;
Z— 4nNCno CTPOK.
N, = KZ;
K — dopmaT kagpa (b / h).
t,=1/Kn2?

f .x=KZ?n /2



a b wWN P

UepeccTpoyHas pa3BepTka

| none Il none

O~ wWwDNPF

YcnoBust NonyyYyeHnst Y4epeccTPoYHOM pasBepTKU

3a BpemM4 rnepegavym ogHou CTPOKU, Nyd AOMKEH CMECTUTLCS Ha
LLUMPUHY PaBHYIO TOMLLUMHE OBYX CTPOK;

Kaxkgbi nocrnenyowmnm pacTtp cMellaetcs OTHOCUTENBHO
npeablayLiero Ha LWUPUHY CTPOKM.

f,=zf =(z/2) f, f - 4yactoTa noneu
2f,=zf_ f, —yacTtoTa cTpokK



Il none

| none
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CTpyKTypa cuHxporeHepaTopa ansi dopMUPOBaHNS YePECCTPOYHOTO
pacTpa

f, =2f,=Zf, f, - 4yacTtoTa noneu
f,=1,/2=(2/2)f, f,—yvacToTa CcTpOK
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MNapaMeTpsl CACTEMBLI NPV NMOCTPOYHOW W YEDPeCcCTDOYHOW pasBepTie

[apamMeTpsbl [locTpoyHad YepeccTpoyHas
f, 50 My, 25Ty
Z 625 625
f, 31 250 Iy 15 625 'y
f - 50 Ny
min 50 'y 50 Ny
A 13 Ml'y, 6,5 Ml'y




YTOUHEHWE POPMYIbI T\,

Z=72({1B),B=t,/T. (=0,08)

Nz= KZ (1'[3)

ta = tca / |\lz = Tz (1' C')/ KZ (1'8) ’ G=trc/ Tz (z 0,18)
T,=1/f,=1/Zn

t,=(1-a)/ KZ2n (1-B)

foax=1/2t =KZ2n(1-B)/2(1-a) (= 7,35Mlu)



p — KoadpdununeHT Kenna (Kenn-paktop)- yunutbiBaeT
OVCKPETHOCTb pa3BepPTKM NO Kagpam

P=0,75-0,84

nepenaBaeMbil OObEKT n3obpaxeHue

i =p*(Kz2n/2)*((1-B)/(1-0)) (=5,5— 6,0 MI'L)



Crpykrypa cniekrpa TB curdana

fi=1f2rf
Au(®
\
Voo
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fi 20 fcrpl Efc'rpﬂ

(f, 1 2) * (21+1)



LiBeTHOe TeneeunaeHve



Cnocobbl afnauTUBHONO CMELUeHUs LBeToB:

JlokanbHoe ( 0AHOBpPEeMeHHOe 1 nocseaoBaTefibHoe)
[1IpoCTpaHCTBEHHOE
BUHOKYNSpHOE



puc.4 JlokanbHOe ogHOBpPEeMEeHHOe CMeLleHue LBeToB



puc.5 IucK ¢ uUBETHbIMMU
cBeTo(punbTpaMm



puc.6 NMpocTpaHCTBEHHOE CMelleHue LIBeTOB



[MpocTeniuasn cxema nepegadun LBETHOrO N300pakeHus

FRO‘]:IE—R> KaHan Er Fru
f nepenauu A g

CAC FGO;:):|E_G, KaHan Eg £ Feu
4 nepenauu g

Fgo j:i KaHan Eg “ Fgu
i nepeaauv g

CIC — cBeTogenuTenbHas cucrema



CBeTogenuTtenbHasa cuctema UT kamepsl

4
|€ /\Wb
N

Puc. 3.23. Cxema uperojenedus B LT kamepe:
| = obbexTiB; 2,3 = IMXPOHHECKHE JepKand; 4 = KOPPEKTHPYIONUIHE CBETODHIBTPEI



CBeToaerneHne B TpexmaTpudHOn kKamepe




Pa3geneHne CBETOBbIX NOTOKOB ANXPONYECKON NPU3MOU




CBeToaeneHne B 0oAHOMaTPUYHOU KaMepe



http://arttower.ru/wiki/images/thumb/3/37/Bayer_pattern_on_sensor.svg/260px-Bayer_pattern_on_sensor.svg.png

BewaTtenbHasa cucrtema LT AOJKHa obecrne4ynBaTb

cosmMecmumMocmb C CUCTEMON YepHO-6ernoro TenesnaeHusi, noa
KOTOPOW NOHMMaETCH

BO3MOXHOCTb BbICOKOKAYE€CTBEHHOIO rnpuema 6e3 nomex YepHo-
6enbiM TENEeBU3UOHHBLIM MNpueMHukom LT nporpamm B 4epHo-
benom Buage (Nnpsimaad COBMECTUMOCTb);

NnpMemM cCcurHanoB 4epHo-6enoro TeneBuaeHUss Ha LUBETHbIE
Tenesunsopbl (0bpaTHasgs COBMECTUMOCTb);

nepegada curHanoB LBETHOroO U YyepHo-6enoro TeneBuaeHust no
OOHOMY U TOMY XK€ KaHany CBS3W.

[ns obecnevyeHnsa aToro TpeboBaHUS:
YacTtoTbl pa3sBeptok cuctem UT N YUBT gomxkHbl coBnaaaTthb.
[lonoca yacToTt, 3aHMMaemasi curHanom cuctemol LT —
0-6 Mlu.
Heobxoanmo co3gaTtb curHan SpKocTu.



SApPKOCTHbLIN curHan

A, HM

v

E,=0,3Ex+0,59E4+0,11E,




i (DOPMUPOBAHNIO CUrHaNE ADKOCTY

ER
4t
Ec
t
EB
E,=1 t

0,11

0,0

v



BblOOp CUrHanos LBETHOCTU

E,=0,30E;+0,59E;+0,11Eg
1E,=0,30E,+0,59E,+0,11E,

Ec—Ey=Eg.y
Eg—Ey =Egy

. » LIBeTopa3HOCTHbLIE CUrHanbI

[lpy nepenaye paBHOCTUMYJIbHOIO 6e0ro:
Er=Es;=Ez=1; E =1
Ery=Ecy=Egy=0



CTed LUBETODASHOCTHbIX CUTHaI0S

Ha 6enbix 1 cepbix AeTansx n3obpakeHus
LIBETOPa3HOCTHbIE CUrHasibl paBHbl 0.

115 ManoHacbILEHHbIX AETaslEN LIBETOPA3HOCTHbIE
CUrHaNbl UMEKT HEDONBLIOW pa3Max.



ER_Y= '1,97 EG_Y' 0,37 B-Y

EG_Y= B 0,51 ER_Y' 0,19 EB_Y V

EB_Y= '2,73 ER_Y' 5,4 EG_Y



CBoncTBa LIBETHOIO 3peHUs

100

80
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v

0.4 0.8 1.2 16

3aBUCUMOCTb HacbIWeHHOCTU uBeToB R, G, B menkux getanen ot 4yacTorT,
HeobXxoaAnMonm Anst UX BOCNPoOun3BeaeHUs



LMNeKTp rnonHoro LUBeToBOro curHana

CurHan CwurHan
APKOCTHU 4 LBETHOCTH
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3aMETHOCTL raPMOHNYECKON MoMEXH

1 kKagp 2 Kagp




CTpyKTypHad cxema COBMeCTMMOW cuctembl LT

Ey Ey Ex
S pemmeees > > g
0-6 My
E-. M Ec
Er.y JOKY | M OKY R-Y y R 3 - 5
0-1,5Mly
M Ecy
E 2 ] E
EB ey B > i 1 > —B>
0-1,5Mly

EG_Y: 'O,51ER_Y 'O, 19 EB_Y

H_J 0-6 My, 0-15 15-6
0-1,5MIy,
Eg=Esyt Ey= Eg-Ey+ Ey = Ec+Ey

Eg=Eg .t Ey=Eg -Ey + Ey = Eg+ Ey



Er=Ervt Ey= Eg -Ey + Ey = Er + Ey
H_J
4 0-15MMy 0—6MIy 015 15-6

6,0 Mlu




B 1100011 COBMECTUMON CUCTEME IBETHOI'O TEJIECBUICHU:

- HCHOJAb3YIOTCHA mpu curnaja k. ; Ex; Eg.y;

- CHTHAJIbI IBETHOCTH MepeaalTcs B COKpallleHHOI
IOJIOCE YaCTOT;

- HCHOJIB3YETCH YaCTOTHOC VIIVIOTHCHUEC CHUI'HAJIA EY
CUTIHAJIaMHU IIBETHOCTH,

- CIEKTP CMT'HAJIA BETHOCTH pasMmemiaercsa B BY
YAaCTH CHEKTPA APKOCTHOIO CUTHAJIA;

- HCHOJB3YHTCH AaHAJOI'MIHbIC Hpeoﬁpa3OBaTe.1m
CBCT-CUTHAJ U CUT'HAJI-CBCT.



BeH_[aTeJ'IBHBIe COBMCCTHUMBIC CUCTCMbI LIBCTHOI'O TCIICBUIACHUA

- AM

NTSC

SECAM

- AM

PAL

uEgy

 KBajJparypHas
OnHOBpeMEHHAA
nepenava Ep o 1
peA RY OanaHcHas
Egy
uM
- Y3KOmnoJ0CHast
[TocsenoBarenbHas Mo K,=0,2
CTpoKaM nepenaya Eg
OpHoBpeMeHHas KBaJpaTypHasd
nepenaya Eg y u
E — OanaHcHas
B-Y

Nsmenenue ¢asel Ex  na 180° om cmpoku k cmpoke



