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1. BBEAEHWUE

[HpaiiBep vinc mnpeaHa3HaueH /il TIOMy4YeHUs BUJEO C BHe0-CEHCOpPOB u Osioka ISP
VPIN/VINC 1892BM1441. [IpaiiBep mpenocTaB/sieT CTaHAapTHBIM uHTepdetic V4L2 Video
Capture (cm Video for Linux 21). [IpaiiBep vinc UCrosb3yeT MoJCUCTeMy SOC_Camera B KaueCTBe
uHTepdeiica ass pabotel ¢ ceHcopoM. Ha pucyske 1.1 mpejcraBieHa JuarpaMMa MCIOTb30Ba-

HUs paiiBepa vinc.
Application libvinc
Userspace #

Kernel
V4L2
soc-camera
VINC driver
Video sensor driver GPIO/PWM driver
1’c
Hardware ;
Video sensor H VINC GPIO/PWM

PucyHnok 1.1. luarpamMma ucno/ib30BaHus1 ApaiiBepa vinc

BosmoxHocTu:
* MakcrumasnbHOe BXogHoe paspelieHue: 4096x4096
» MakcumasnbHOe BbixoiHOe pa3spelenue: 4096x4096 (wmprHa KpaTHa 8 UKCesisiM)

* Tlogmep)KUBArOTCSI CEHCOPHBI CO CJIeYIOLIMMH (JOpMaTaMu BLIXOJHOTO BU/e0: Bayer (pa3-
psaHOCTE He 6onee 14 6ut), RGB888, YCbCr 4:4:4, YCbCr 4:2:2, Mono (peanu30BaHbI
Bayer, RGB888 u YCbCr 4:2:2).

» ®opmarkl BBIXOJHOTO BH/Ie0 TiepeunciieHbl B onvcanuu ioctl VIDIOC_ENUM_FMT

! https://linuxtv.org/downloads/v4l-dvb-apis/uapi/v4l/v412.html
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2. TIOBEJIEHUE JIPAVIBEPA

2.1

NHunuaam3anus vine

[1pu nHMIManM3aUMy yCTPOMCTBA JpaiBep BITIO/IHSET:

1

2.

[Teyaraet Bepcuto fpaiiBepa.

Yceranasinusaet rojie CMOS_CTR.CMOS_RESET 6moka VINC B 0.

. Yuraet u3 DeviceTree 3HaueHue cBoiicTBa “elvees,pixel-clock-divider”, onpegenstoriie-

r0 BO CKOJIBKO Pa3 4acTOTa CMHXPOCHTHa/Ia MUKCesiell ceHcopa Jo/DKHA ObITh MeHbIle
YyacToThl cMHXpocurHana 6moka VINC.

Yuraet u3 DeviceTree cBotictBo “elvees,pixel-clock-over-fsync”. Tlpu Hamuunu gaH-
HOTO CBOMCTBAa B KaueCTBe CUHXPOCHTHAsA AJisi ceHcopa OyieT UCI0/b30BaThCsl BBIBOJ
FSYNCO_0, B oTcyTcTBHe AaHHOTO cBoiicTBa — BbiBOJ, PCLKO_0.

Yurtaer u3 DeviceTree rpa¢, onuceBaroumii cesasu noptoB VINC c yzaaneHHbI-
MU ycTpoiictBamu (ceHcopamu). Kaxblli mopT rpada CBsi3aH C OJHUM Y/a/eHHbIM
YCTPOWCTBOM, MHTep(elC MOJK/I0UeHUs] 3TOr0 yCTPONCTBA OIpeiesisieTCsi CBOMCTBOM
“elvees,ifacenum”. 3To CBOWCTBO MOKET TIPUHUMAThL OJIHO M3 UeThipex 3HaueHuid: PIn-
terface0 (0), PInterfacel (1), Sinterface0(2), SInterface1(3).

7151 ynaneHHBbIX yCTPOMCTB, MOJK/IOYeHHBIX K napasuienbHomy 1opty (PInterface0 vmm
PlInterfacel), MoxeT ObITH OTIpe/ie/iIeHO CBOMCTBO “elvees,pport-low-bits”. Hannuue gaH-
HOT'O CBOMCTBA yKa3bIBaeT, UTO CEHCOP, TIOJK/IFOUeHHbI K [apasiie/lbHOMY [10pTy, UMeeT
Pa3psiIHOCTh KOMIIOHEHTOB TTUKCes MeHbllle 12 1 OHY NOAK/IIOUeHbl K MIaJIINM pa3psi-
JaM HbI JaHHbIX 610ka VINC. Ota uHdopmaiius OyzeT yuuThIBaThCSl TIPH 00paboTke
JIAHHBIX, B YACTHOCTH TIPH BBINOTHeHUH Tipeodpa3oBadust Y CbCr->RGB.

6. BprumcaseT U 3arMCchIBaeT 3HAUECHUS 10J1eH pPerucTpoB:

* B orcyrctBue cBoiicTBa “elvees,pixel-clock-over-fsync” cBoiictBo “elvees,pixel-
clock-divider” mMo)keT mpuHUMaTh 3HayeHWe, paBHOe 1, WIM uUeTHOe B Juara-
30He 2-30. Eciu 3HaueHne paBHO 1, TO yacTOTa CHMHXPOCUTHasa NUKCeIeu CeH-
copa paBHa uacToTe cuHXpocurHana 6moka VINC. HeueTHoe 3HaueHue jpaii-
Bep OKpYyI/isieT A0 O/vpKaiiliero YeTHOTO B MEHBINYI0 CTOpPoHYy. Ecv 3HaueHue
6onee 30, mpaiieep ycraHoBUT ero paBHbiM 30. Eciu cBoiictBo “elvees,pixel-
clock-divider” mpucyTcTByeT M He paBHO 1, TO [paiiBep 3alvChiBaeT B I10J/e
CMOSO0_CTR.CLK_DIV 3HaueHue B 2 pa3a MeHbliee, yeM “elvees,pixel-clock-
divider”, u Bkmouaer CMOS0_CTR.PCLKO_ENABLE=1.

« Ecmi  cBoiictBo  “elvees,pixel-clock-over-fsync”  mpucyTcTByeT, CBOWCTBO
“elvees,pixel-clock-divider” Mo)keT TIpUHUMaTh 3HaueHWe, paBHOe 2, WU
kKpaTHoe 4 B nuana3oHe 4-60. ITpu ncnonszoBannu FSYNCO_0 Henb3s MOMyYUThb
YacToTy, paBHYIO 4acToTe cuHXpocurHana 6oka VINC, rostomy eciv 3HaueHue
“elvees,pixel-clock-divider” paBHO 1, fpaliBep ycTaHOBUT ero paBHbIM 2. Eciu
3HaueHWe paBHO 2, TO UAaCTOTa CUHXPOCUI'HaJIa TTUKCesiell ceHcopa B 2 pa3a HUXe
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yacToThl cMHXpocurHania 61oka VINC. Eciu 3HaueHHe He paBHO 2, OHO JJOJDKHO
ObITh KpaTHBIM YeThIpeM, WHaue JpaiiBep BBHITIONHSET OKpyIJieHWe 10 Omkaii-
IIIero MJIaJIIIIero YMCia, KpaTHOro uetbipeM. Eciu 3HaueHue Gonee 60, apatiBep
yCTaHOBUT ero paBHbIM 60. [IpaiiBep BbITIOJ/IHSIET:

1. Briroyenue ourta CMOS0_CTR.FSYNC_ENAB_EDGE.

2. 3armmch  3HaueHud 1 B peructpel CMOSO_TIMER_HIGH wu
CMOSO_TIMER_LOW, uto obGecreurBaer jenenude 4actotbkl PCLKO
Ha 2 (MMHUMaJIbHO BO3MOXKHBIN KO3((PULMEHT Je/ieHus).

3. 3amuck B mosie CMOSO_CTR.CLK_DIV 3HaueHusi cBoiictBa “elvees,pixel-
clock-divider”, nesieHHOrO Ha ueThIpe.

7. Bxmouaet out AXI_MASTER_CFG.GLOBAL_ENABLE.

2.2 JIeMHUIMA/IU3aLUA vinc

HpaiiBep BBIK/TFOUAeT OUTBI CMOS_CTR.PCLKO_ENABLE,
CMOS_CTR.FSYNC_ENAB_EDGE u AXI_MASTER_CFG.GLOBAL_ENABLE.

2.3 @ynkius open()

[paiiBep He WMeeT CHelMaJbHBIX (DYHKIMM, KOTOPbie BLI3BIBAIOTCS TIPU OTKPHITHM (aiina
ycrpotictBa. [1pu Bbi3oBe dyHKLMU open( ), mojcructeMa V4L2 Bbi3biBaeT (PyHKIMIO yCTaHOB-
KU (popmara y gpaiiBepa (aHanoruuHo VIDIOC_S_FMT). Tlogcuctema V4L2 ycraHaBIMBaeT
rocJie/iHee KMCI0/b30BaHHOE pa3peleHue.

2.4 Yupasnenue 0;10KoM Color Correction (CC)

2.4.1 Pacuer marpuibl KO3((HUIMEHTOB U BeKTOPa CMeIleHUus

Bnok Color Correction BbITIO/THSIET TTPe0Opa3oBaHKe MUKCe el BXOAHOT0 H300paykeHus 110 op-
MmyJie:

O = Mcc x I+ Ve, (2.1)
My My M,
rae Moo = | Ms M, Ms | — marpuiia Ko3hPUIMEeHTOB LIBETHOCTH,
Ms M7 Mg
Vo
Voo = | Vi | — BekTop cMeltieHu,
Va

I — TpPEXKOMITOHEHTHBIM BEKTOP BXOJHOTO NuKcessi, O — TPEXKOMIIOHEHTHbIN BEKTOP BBIXO/I-
HOTO TTUKCeIs.

bnok Color Correction MoxeT IpUHUMaTh Ha BXof u3obpaxenus B ¢opmarax RGB u YCbCr.
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[Tpu BxoaHoM dopmate RGB, BeIurc/ieHHe TUKCeel BBIMOMHSIeTCSs 110 Gpopmyre:

Ores = Mpx re X (Mra X (Mpx yevor X (Mo X Mgt X Meon X Mpye ¥
X (Mycoer X Mwp X Tras + Vycver — Vaap)+ (2.2)
+ Viri + Vahair) + Vex vever) + Vees) + Vix res

ITpu BxoaHoMm dopmate Y CbCr, BeIurC/IeHHe MTUKCeel BIMOMHIETCS 10 popmyrie:

Oycver = Mycver X (Mpx ras X (Mrep X (Mpx yober X
X (MCK X Msat X Mcon X Mhue X ([YCbCr - Vhalf)+ (23)

+ Viri + Vaair) + Vex vever) + Vaas) + Vex_ras) + Vycver,
T7le VICTIOMb3YIOTCS Cieaytoiye 0003HaueHusI:
* Vjri — BEKTOP CMellleHnH, onpefienseMbliii KoHTponom V4L2_CID_BRIGHTNESS
* M.,, — MarpuLa K03 uieHToB, orpejesseMast KoHTpoaoMm V4L2_CID_CONTRAST

o Myu — MaTpuiia K03 dUIIMEHTOB, orpezensiemMast KOHTPOJIOM
V4L2_CID_SATURATION

* M} — MarpuLa Ko3(dULeHToB, onpesensemas KoHTposnioMm V4L2 _CID_HUE

* Mck — Marpuiia K03 HULIMEeHTOB, onpejensiemMast KOHTPOJIOM
V4L2_CID_COLOR_KILLER

* Mpx reB, Mrpx yober — Marpulpl Ko3((ULMEHTOB, oIpefessieMble KOHTPOJIOM
V4L2 _CID_COLORFX

* Mwp — MaTpulia K03 (ULIMEHTOB, orpezessiemMast KOHTpPO/IaMH
V4L2_CID_DO_WHITE_BALANCE, V4L2_CID_RED_BALANCE,
V4L2_CID_BLUE_BALANCE, V4L2_CID_WHITE_BALANCE_TEMPERATURE,

V4L2_CID_AUTO_WHITE_BALANCE
* Mprap — Marpuiia nepeBoga opmara YCbCr B RGB
* My cpor — Marpuija niepeBojia dopmata RGB B YCbCr
* Vrap — BekTOp cMelljeHui A5 mepeBozia ¢popmara YCbCr B RGB
* Vycwpor — BEKTOp cMeltieHui st iepeBoga ¢popmata RGB B YCbCr
* Vhay — BeKTOp cMeleHuid (2048; 0; 0)

* Vex reB, VFx vobor ~—  BEKTOPBl  CMeLeHWM, Orpeje/seMble  KOHTPOJIOM
V4L2_CID_COLORFX

Marpuiibl ¥ BEKTOpa MepeBo/ja 1[BETOBBIX MPOCTPAHCTB MPUBE/IeHbI B onurcaHuu 6/10ka Color
Transformation. [1ns1 BxogHoro ¢opmata Y CbCr 6aaHc 6e710ro He BBITOTHSAETCS.

[TpuBoas popmyny (2.2) k Buay (2.1), ans BxogHoro gopmara RGB nonyuaem:
Mcc = Mpx_rep X Mrep X Mrx_ycvor X Mok X Msat X Meon X Mpue X Mycoor X My p

Vee = Mpx_res X (Mpap X (Mpx_yeoser X (Mo X Mgap X Meon X Mpye X
X (Wever = Vaaif) + Viri + Vaair) + Vex yevor)+
+ Vren) + Vix_res
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IMpuBoas popmyny (2.3) K Bugy (2.1), anst BxoaHoro dopmara Y CbCr nonyuaem:
Meoc = Mycver X Mpx_rep X Mrap X Mrex_yover X Mok X Msap X Meon X Mpye

Voo = Mycyer X Mpx_ras X Mrap X Mpx_yover X
X (%m + (E - MCK X Msat X Mcon X Mhue) X Vhalf)+
+ Vex vever) + Vees) + Viex_res) + Vycvers
rae E — eqyuHUYHAS MaTpUIA.
Bo u3bexxanuu ommbok nipu nepernosiHeHny B 6110ke Color Correction BBOASTCS OrpaHUYeHUsT

Ha 3HaueHUst KOHTPosoB. Eciiu nipy pacuete k03¢ (HUIMEHTOB MaTpPUL{bl U BeKTOpa CMelljeHUi
He BBITIOJIHSIeTCSI OHO U3 yCJIOBUM:

2 V 5 V 8 V
M, 0~ 16: M, L < 16; M, >~ 16;
; + 1006 ’ ; * 1006 ; * 1006

—4096 < Vp < 4095; —4096 < Vi < 4095; —4096 < V, < 4095,

TO ApaiiBep Bo3BpaiaeT omrbky ERANGE u 3HaueHusi peructpoB m;, v; u Scaling He u3me-
Hs1t0TCs (0003HaUeHusi perucTpoB TMpuBeieHbI coriacHo crietdukanyu VINC). B octanbHbIX
C/ly4asix 3HaueHHsl perucTpoB 6/10Ka pacCUMTHIBAIOTCS TI0 opMysiam:

if lmax(|Mcc|)] =0, then Scaling = 0,
else Scaling = |loga(|max(|Mcc|)])] + 1,

e max(|Moc|) — MakcUMasbHBIA MOy b KO3 duLreHToB MaTpuribl Mo

m; = | M; x (1 << (15 — Scaling)) + 0.5)],

rje i — Ljesioe 4niciIo ¥ rpuHuMaet 3HadeHus1 ot 0 o 8.
rje i — Ljesioe YMciIo M IpuHuUMaet 3HadeHus1 ot 0 o 2.

2.4.2 CocrosHua Kj1acrepa cc

Yrpaenenne  6mokom  Color  Correction  ocyijecTBisieTcs € TIOMOIIbIO  KOH-
TPOJOB  KjacTepa cc. Kyacrtep c¢c  Bk/IO4aeT  /iefyroljde  KOHTPO/bL:  CTaH-
JlapTHbIe KOHTPOJIBI V4L2 _CID_BRIGHTNESS, V4L2 _CID_CONTRAST,
V4L2_CID_SATURATION, V4L2 _CID_HUE, V4L2 _CID_COLOR_KILLER,
V4L2_CID_COLORFX, V4L2_CID_DO_WHITE_BALANCE, V4L2_CID_RED_BALANCE,
V4L2_CID_BLUE_BALANCE, VA4L2_CID_WHITE_BALANCE_TEMPERATURE,
CTaHJapTHbIE aBTOKOHTPOJIbI V4L2 CID AUTO_WHITE BALANCE Uu
V4L2 _CID_AUTOBRIGHTNESS (Ha puarpamme AUTO), u HecTaHAApTHbIE KOHTPOJIBI
V4L2 _CID_CCw V4L2_CID_CC_ENABLE.

[marpamma cocTossHUM K/1acTepa CC IipefcTaB/ieHa Ha pucyHke 2.1. CocTosiHMe K/iacTepa onpe-
nensieTcs (pyraraMu KOHTPOJI0B 1 3HaueHHeM KoHTposa V4L2_CID_CC_ENABLE (Ha guarpam-
Me CC_ENABLE, Hannuue ¢uiaroB yka3aHo B KBaZipaTHbIX CkoOkax). STD auto o6o3HauaeT
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IPYIIY CTaHJAapTHBIX KOHTPOJIOB, YIIPaB/seMbIX aBTOKOHTPOJIOM, BK/IFOUEHHOM B IaHHOM CO-
crosgHuu Kinacrepa, CC_STD non auto — ocrasnbHble CTaHJapTHbIe KOHTPOIbI Kiaactepa CC.
Bce crangaptHeie kKoHTposibl Kpome WRITE_ONLY koHTposioB A0/KHBI uMeTh ¢uiar EXE-
CUTE_ON_WRITE, uto6bl 06eCrieurTh BO3MOXKHOCTD ITOC/IE YCTAaHOBKH HECTAHJAPTHOTO KOH-
tpona V4L2_CID_CC ycTaHOBUTb CTaHJAPTHBIA KOHTPOJI C NPEXXHUM 3HaueHWeM. [1pu ycra-
Hoeke V4L2_CID_CC_ENABLE B eaunuily 6;10k Color Correction BK/TIOU€eH, IIPH YCTaHOBKE
V4L2_CID_CC_ENABLE B Homb 610k Color Correction BeIK/IFOUeH. 3arich HOBBIX JAaHHBIX
B peructpbl 670ka Color Correction ocyiecTBIsS€TCS TIPU U3MEHEHUH 3HaueHust r000ro u3
CTaHZApTHBLIX KOHTPO/10B Win KoHTposna V4L2_CID_CC He3aBUCUMO OT COCTOSIHUSL KOHTPOJ1a
V4L2_CID_CC_ENABLE. 1511 0603HaueHusi TepexofioB Me>Ky COCTOSTHUSIMU Ha J[iarpaMmme
WCTIONB3YIOTCS CeAyoiie 0003HaueHus:

* “set CC_STD” — n3MeHeHUe 3HaUEeHUsI CTaHJaPTHBIX KOHTPOJIOB

* “set CC” — ycraHoBKa koHTposna V4L2_CID_CC

* “enable” — ycraHoBka 3HaueHust KoHTposaa V4L2_CID_CC_ENABLE B egunuily
* “disable” — ycraHoBka 3HaueHus1 KoHTposia V4L2_CID_CC_ENABLE B HO/b

* “set auto” —  V3MeHeHue 3HaueHUs OZIHOTO u3 aBTOKOHTPOJIOB
(V4L2_CID_AUTO_WHITE_BALANCE wmu V4L2_CID_AUTOBRIGHTNESS)

ATO[update] = 1
CC_STD auto [inactive, volatile]
CC_STD non auto [update]
CC [inactive, volatile]
CC_EMABLE [update] =1

setauto=1

fisable set auto =0 set auto=1
AUTCO[update] = 0 set CC » AUTO[update] =0
CC_STD [update] CC_STD [update, write_only]
CC [update] - set CC STD ccll
CC_ENABLE [update] = 1 i CC_ENABLE [update] = 1
T I
Tenable J,dlsable P'disable !enable
AUTO[update, inactive] = 0 set CC £ AUTO [update, inactive] = 0
CC_STD [update, inactive] CC_STD [update, write_only, inactive]
CC [update, inactive] CC [inactive]
CC_ENABLE [update] = 0 eSSt CC STD CC_ENABLE [update] = 0

set auto =0

set auto=1 set auto=1

AUTO[update, inactive] = 1
CC_STD auto [inactive]
CC_STD non auto [update, write_only, inactive]
CC [inactive]
CC_EMABLE [update] = 0

PucyHnok 2.1. luarpamMma COCTOSIHUM KJlacTepa cC

[Tpu 3arpy3ke ApaiiBepa KjiacTep CC yCTaHaB/IMBaeTCs B UCXOHOe COCTOsIHUE, OTMeueHHOe Ha
JMarpamme IBoiiHOM mMHMe. B aToM cocTosiiuu 6110k Color Correction BK/TFOUeH U B pETUCTPbI
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0710Ka 3amucaHbl 3HaueHusi, 00eCrIeunBaroIe TPAHCISALMIO U300paXkeH s C BXO/la Ha BBIXO[]
6e3 rpeobpa3oBaHUs:

Voo =

O = O
_ o O
o O O

1
Mee =10
0

[Tepexoabl MeXXAY COCTOSTHUSIMU TTPOUCXOAT MPU M3ME@HEHUM 3HaYeHHWsI OHOTO U3 KOHTPOJIOB.
3nauenwust KoHTposioB V4L2_CID_CC u V4L2_CID_CC_ENABLE MoryT ObITb U3MeHeHbI OfI-
HOBPEMEHHO.

2.5 Ynpasnenue 6;10koMm Color Transformation (CT)

bnok Color Transformation u3mensieT opmar BXOZJHOTO MTOTOKA 110 (hopmyIie:

O:MCTXI+VCT,

My My M,
rae Mor = | Ms My M; | — marpuia Ko3QuUieHTOB LIBETHOCTH,
Mg M7 Ms
Vo
Vor = | Vi | — BekTOp cmeltienwid,
%}

I— TpéXKOMHOHEHTHBIﬁ BEKTOP BXOAHOTI'O IMUKCeJId, O— TpéXKOMHOHEHTHblﬁ BEKTOP BbIXO/A-
HOTI'O ITMKCeJId.

Bnok Color Transformation npuHrMaeT Ha BXopx u300paxkeHus B ¢opmarax RGB wu
YCbCr. [paiiBep yuuThbIBaeT 3HaueHWW moneli ycbcr_enc u quantization cTpykrypsl
v412_pix_format, koTopasi onpeesnsier BXOAHOW U BBIXOAHOW opMathl M300pakeHus. Jlpaii-
Bep He yUHThIBaeT IoJie co Lorspace, TO eCThb BBIXOJHOE LIBETOBOE MPOCTPAaHCTBO ONpeZesisieTcs
BXO/JHBIM.

[paiiBep noajepxvBaeT cieaytoiye GpyHKIuM nepeBoja (ycber_enc):
* V4L2_YCBCR_ENC_601
* V4L2_YCBCR_ENC_709
* V4L2_YCBCR_ENC_SYCC
* V4L2_YCBCR_ENC_BT2020

Hpaiieep mnoppepxxuBaeT oxkatbii (V4L2_QUANTIZATION_LIM_RANGE) u mnonHbid
(V4L2_QUANTIZATION_FULL_RANGE) pauamna3oH BXOAHBIX [AaHHbIX (quantization).
BbixogHble laHHbIe BCeryia Npe/CTaB/IeHbl B ITOJTHOM JHaria3oHe.

[Tpu nepeBoge n3obpakenns u3 popmara RGB B YCbCr, B 3aBUCUMOCTH OT YHKIUH ITePeBO/a,
3HaueHust Mor 1 Vo U3MEHSIIOTCS CieytoiuM obpa3om:

* V4L2_YCBCR_ENC_SYCC:

0.587 0.114 0.299 0
Mer = | —0.3313 0.5 —0.1687 | ; Vor = | 2048
—0.4187 —0.0813 0.5 2048
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* V4L2_YCBCR_ENC_601:

0.587 0.114 0.299 0
Mer = | —0.3313 0.5 —0.1687 | ; Vor = | 2048
—0.4187 —0.0813 0.5 2048
* V4L2_YCBCR_ENC_709:
0.7152  0.0722  0.2126 0
Mer = | —0.3854 0.5 —0.1146 | ; Vor = | 2048
—0.4542 —0.0458 0.5 2048
* V4L2_YCBCR_ENC_BT2020:
0.678 0.0593  0.2627 0
Mep = | —0.3854 0.5 —0.1396 | ; Vor = | 2048
—0.4598 —0.0402 0.5 2048

[Tpu nepeBoje nu3o6pakenus u3 popmara YCbCr B RGB, B 3aBUCMMOCTH OT (DYHKIIM TIepeBozia
Y THIA Jarna3oHa BXOJHOTO M300pakeHusi, 3HaueHust Mo U Vor U3MEHSIIOTCS Clie[yIOIM
obpazom:

* V4L2_YCBCR_ENC_SYCC, cxkaTblii Arara3oH:

1.1644 —0.3917 —0.8129 2169.0754
Mer = | 11644  2.0172  —0.0001 | ; Veor = | —4429.0088
1.1644 0 1.596 —3566.6302

V4L2_YCBCR_ENC_SYCC, nonHbli Jyara3oH:

1 —0.3441 -0.7141 2167.3422
Mep=1|1 1772 —0.0001 | ; Vor = | —3629.056
1 0 1.402 —2871.296

V4L2_YCBCR_ENC_601, cxkaTblii Axara3oH:

1.1644 —0.3918 —0.813 2169.2047
Mor = | 11644 2.0172 0  Vor = | —4429.3736
1.1644 0 1.596 —3566.7450

V4L2_YCBCR_ENC_601, ronHbIi Axana3oH:

1 —0.3441 —-0.7141 2167.3422
Mer =11 1.772 0 ; Vor = | —3629.056
1 0 1.402 —2871.296

V4L2_YCBCR_ENC_709, c)kaTblii Auarna3oH:

1.1644 —0.2132 —0.5329 1230.0493
Mep = | 11644  2.1124 0 ; Vor = | —4624.281
1.1644 0 1.7927 —3969.6159
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* V4L2_YCBCR_ENC_709, nosHbIii Auara3oH:

1 —0.1873 —0.4681 1342.3586
Mep= |1 1.8556 0 ; Vor = | —3800.2688
1 0 1.5748 —3225.1904

* V4L2_YCBCR_ENC_BT?2020, cxxaTblii AMarna3oH:

1.1643 —0.1873 —0.6504 1417.6307
Mer = | 11644 2.1417 0 ; Vor = | —4684.4319
1.1644 0 1.6787 —3736.0067

* V4L2_YCBCR_ENC_BT2020, nonHsli AUana3oH:

1 —0.1646 —-0.5714 1507.136
Mep= |1 18814 0 ; Vor = | —3853.1072
1 0 1.4746 —3019.9808

[Tpu BeInosiHeHUU Tipeobpa3oBanust u3 YCbCr B RGB 0OyieT yuuThIBaThCS Ha/IMuMe CBOWCTBA
“elvees,pport-low-bits”, npountanHoro u3 DeviceTree. [Ipu HamMuMy 3TOr0 CBOMCTBA BCE KO-
¢ durimenTs BetHoCcTU Mo OymyT yMHOXKeHBI Ha 4, obecrieunBasi CZIBUT LIBETOBBIX KOMIIO-
HEHTOB BJIeBO Ha 2 paspsja.

Ecnu czBura BieBo Ha 2 paspsifia HeIoCTaTOUHO Ji1s1 [10J/IyYeHus! [O/THOTO JjarnasoHa (T1py pas-
PSJHOCTU BXOZHBIX JlaHHbIX MeHblile 10), TpebyeTcst KOppeKLys 3HaUeHUH BeKTOpa CMellieHMsl.
3HaueHus BeKTOpa CMell|eHHH, IPUBeJieHHbIe BbIllle, PACCUUTHIBA/IUCH UCXO/S U3 Pa3psAHOCTH
KOMITOHeHTOB N=12. Ec/y pa3psAHOCTb BXO/IHBIX 1[BETOBbIX KOMIIOHEHTOB M, 3HaU€HUsI BEKTO-
pa CMeIlIleHus TIPU HaJTMUWH CBOUCTBA “elvees,pport-low-bits” m0/HKHBI OBITH TIepeCUrTaHbI KaK
Verli]/(2~™=2) | rae | npuHMMaeT 3Hauenus ot 0 7o 2.

3uauenust peructpos 6s10ka Color Transformation paccuutsiBaroTcst o ¢popmysam (0bo3Haue-
HUsI PETUCTPOB TIpUBeZieHbI coriacHo crneludukaimu VINC):

if [max(|Mcr|)] =0, then Scaling = 0,
else Scaling = |loga(|max(|Mcrl|)])] + 1,

rae max(|Mor|) — MakcumanbHbIl MOAY/Tb KO3 GULIEeHTOB MaTpULibl M.
m; = | M; x (1 << (15 — Scaling)) + 0.5) ],
rje i — Lesi0e YMC/Io M puHrUMaeT 3HadeHust ot 0 o 8.
v; = [4x V;+0.5],

rje i — LjeJi0e YMCJIo M IpuHKUMaeT 3HadeHust ot 0 o 2.

2.6 YupaBnenue 0;10KkoM Gamma Correction (GC)

brok Gamma Correction BbITIONHsIeT Tab/JMYHOEe TIpeoOpa3oBaHWe BXOAHOTO H300pa’keHUsl.
Kakzmomy 13 Tpex 1[BeTOBBIX KOMITOHeHTOB rukcesisi (R, G, B) BxoqHOro n300pa’keHusi COOT-
BeTcTByeT Tabsuia 3 4096 snemenToB. [IpeoGpa3zoBaHye BBINOMHAETCS TI0 hopmyrie:

OC = Memc[fc],

T7le UCTIO/Ib3YIOTCS C/IeAyIoIye 0003HaueHs:
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» C — npuHUMaeT O/IHO U3 3HaueHu# R, G, B;

* [ — SIPKOCTb LIBETOBOT'O KOMITOHEHTA COOTBETCTBYIOLIET0 BXOJHOTO MUKCEs;

* O¢ — SIPKOCTb LIBETOBOT'O KOMITOHEHTa COOTBETCTBYIOIIEr0 BHIXOHOTO TIMKCEJIs;
* Memc — tabnuija npeobpa3oBaHus Jjist APKOCTH I[BETOBOTO KOMITOHEHTA.

Yrpaenenne O10koM Gamma Correction OCYyIIeCTB/ISIeTCS C TIOMOIbIO KOHTPOJIOB Kila-
crepa gamma. Kiactep gamma BK/IOUaeT uYeThIpe KOHTpO/A: CTaHAapTHbIe KOHTPOJIbI
V4L2_CID_GAMMA, V4L2_CID_BACKLIGHT_COMPENSATION ,HecTaHjapTHble KOHTPO-
sl VAL2_CID_GAMMA_CURVE v V4L2_CID_GAMMA_ENABLE.

HuarpaMma COCTOSIHUM K/jacTepa gamma T1peicTaBieHa Ha pucyHke 2.2. Co-
CTositHMe  Kjactepa  ompefensiercss  (naramu  KoHTposioB  V4L2_CID_GAMMA,
V4L2_CID_BACKLIGHT_COMPENSATION, V4L2_CID_GAMMA_CURVE
nu V4L2_CID_GAMMA_ENABLE (Ha  pguarpamme GAMMA, BACKLIGHT,
GAMMA_CURVE u GAMMA_CURVE_ENABLE cooTBeTcTBeHHO, Hanuuuve (a-
rOB yKa3aHO B KBaJpaTHBbIX CKOOKax), 3HaueHWsAMH KoHTposioB V4L2_CID_GAMMA,
V4L2_CID_BACKLIGHT_COMPENSATION u V4L2_CID_GAMMA_ENABLE u cocro-
saueM 61oka Gamma Correction (GC = 0 — 6510k Beik/mtoueH, GC = 1 — OJI0OK BK/TIOUEH).
17151 0603HauUeHMSI TIEPEXOZI0B MeXK/y COCTOSIHUSMH Ha JharpaMMe MCIT0JTb3YIOTCS CIeyIOLHe
0003HaueHUS:

* “set GAMMA” — u3meHeHue 3HaueHus1 KOHTposa V4L2_CID_GAMMA
+ “set GAMMA_CURVE” — ycranoBka koHTpona V4L2_CID_GAMMA_CURVE

* “set BACKLIGHT” — V3MeHeHue 3HaueHUs KOHTpOJ1a
V4L2_CID_BACKLIGHT_COMPENSATION

* “enable” — ycraHoBKa 3HaueHust KoHtposia V4L2_CID_GAMMA_ENABLE B egunuily
* “disable” — ycraHoBka 3Hauenusi Koutpona V4L2_CID_GAMMA_ENABLE B Homb

[Ipu 3arpy3ke ppaiiBepa K/jacTep gamma YyCTaHAB/IMBAaeTCs B HMCXOJHOE COCTOsIHUe, OTMe-
yeHHOe Ha JMarpaMme ABOWHOW JiiHUel. [lepexoibl MeXXly COCTOSSHUSIMH TIPOUCXOZST TIPU
W3MEHEeHUM 3HAaueHusi OJHOr0 W3 KOHTPOJIOB. [Ip¥ OAZHOBpEMEHHOM W3MEHEeHWH KOHTPO-
noB V4L2_CID_GAMMA_CURVE u V4L2_CID_GAMMA_ENABLE npuopurer umeet
V4L2_CID_GAMMA_ENABLE, usmenenue V4L2_CID_GAMMA_CURVE urnopupyercs.

2.7 YnupaB/ieHHe aBTOIKCIIO3UIjMeN

YnpaBneHWe aBTO3KCIO3ULIMEH OCYILeCTB/SIETCS C TIOMOIIbI0 KOHTPOJIOB KiacTtepa ae. Kia-
CTep ae COAepXXUT TPU KOHTpoOsa: CTaHAapTHbiM KoHTpon V4L2 CID_EXPOSURE_AUTO,
HeCTaHJapTHbIe KOHTPOJIbI V4L2 CID SENSOR_EXPOSURE AUTO U
V4L2_CID_SENSOR_AUTOGAIN.

HuarpaMma COCTOSIHMM K/jacTepa ae Tipe[cTaBjieHa Ha pucyHke 2.3. Ha jua-
rpaMmMe  OoToOpakeHO  ToBeleHHWe  KOHTposioB  V4L2 CID_EXPOSURE_AUTO wu
V4L2_CID_SENSOR_EXPOSURE_AUTO. Koutpon V4L2_CID_SENSOR_AUTOGAIN
B3aUMO/IeHCTByeT C V4L2_CID_EXPOSURE_AUTO aHaJIOTUYHO KOHTPOJY
V41L.2_CID_SENSOR_EXPOSURE_AUTO u He 3aBUCUT OT MOC/eHETO.
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set BACKLIGHT = 0 && GAMMA = 16

set BACKLIGHT = 0

GAMMA [update, write_only]
BACKLIGHT[update] = 0
GAMMA_CURVE []
GAMMA_ENABLE [update] = 1
GC=1

set BACKLIGHT = 0
set GAMMA_CURVE

set GAMMA = 16

set GAMMA = 16 set GAMMA_CURVE

¥
set BACKLIGHT=0(Y
GAMMA [updats] && GAMMA = 16 GAMMA [update] = 16 Set GAMMA = 16 Bi’gfmg,_[#dadte] TI°
—— update] =0
BACKLIGHT[update] = 0 > BACKLIGHT[update] = 0 GAMMA, CURVE [update]
GAMMA_CURVE [inactive] GAMMA,_CURVE [update] GAMMA ENABLE [u Sate] —1
GAMMA_ENABLE [update] = 1 |set BACKLIGHT=0 GAMMA,_ENABLE [update] =1 set GAMMA # 16 T acon1 P -
GC=1 < GC=20 -
Tenab\e disable 'Tename \E‘Eab‘e enable disable
v W
o set BACKLIGHT = -
GAMMA [update.inactive] S GAMMA = 16| GAMMA [update, inactive] = 16 |set gammMa = 15| GAMMA [update, inactive] = 16
BACKLIGHT[update,inactive] = 0 5| BACKLIGHT[update,inactive] = 0 BACKLIGHT [update,inactive] = 0
GAMMA_CURVE [inactive] GAMMA,_CURVE [update, inactive] GAMMA_CURVE [update, inactive]
GAMMA,_ENABLE [update] = 0 ot BACKLIGHT 20 GAMMA,_ENABLE [update] = 0 set GAMMA = 16 GAMMA_ENABLE [update] = 0
GC=0 < GC=0 —— GC=0

set GAMMA, = 16
set GAMMA_CURVE

set BACKLIGHT = 0

set GAMMA # 16

set GAMMA_CURVE
k.

GAMMA [update, write_only, inactive]
BACKLIGHT[update,inactive] = 0
enable GAMMA_CURVE [inactive]
GAMMA_ENABLE [update] = 0
GC=10

set BACKLIGHT = 0

set BACKLIGHT = 0 && GAMMA # 1§

PucyHok 2.2. [luarpamMma COCTOSIHUM KjlacTepa gamma
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CocrosiHue KjiacTepa onpeessieTcs dbnaramu u 3HaUeHUSIMU KOHTPOJIOB
V4L2_CID_EXPOSURE_AUTO wu V4L2_CID_SENSOR_EXPOSURE_AUTO (Ha paua-
rpamme EXPOSURE_AUTO u SENSOR_AE coortBercTBeHHO). Ha puarpamme Takke
TPOMJ/UTIOCTPUPOBAHO COCTOsiHMe KOHTposioB ceHcopa V4L2_CID_EXPOSURE_AUTO wu
V4L2_CID_EXPOSURE (SENSOR EXPOSURE_AUTO u SENSOR EXPOSURE coot-
BETCTBEHHO), KOTOpoe 3aBUCUT OT KoHTposna V4L2 _CID_SENSOR_EXPOSURE_AUTO. Ons
0003HaueHUs TePexXoZioB MeXKAy COCTOSHUSMU Ha [JuUarpaMMe HCTIOb3YIOTCS CIeAyIoIiue
0003HaueHMS:

[13

* “set EXPOSURE_AUTO” — H3MeHeHue 3HaYeHUst KOHTpOJ1a
V4L2_CID_EXPOSURE_AUTO;
e “set SENSOR_AE” — n3MeHeHue 3HAUueHUsa KOHTPOJIa

V4L2_CID_SENSOR_EXPOSURE_AUTO.

set EXPOSURE_AUTO=AUTO

EXPOSURE_AUTO [update] = MANUAL EXPOSURE_AUTO [update] = AUTO

SENSOR_AE =1
SENSOR EXPOSURE_AUTO = AUTO
SENSOR EXPOSURE [inactive,volatile]

Y

SENSOR_AE [inactive] = 0
SENSOR EXPOSURE_AUTO = MANUAL
SENSOR EXPOSURE [inactive]

set EXPOSURE_AUTO=MAMUAL

set SENSOR_AE =0

set EXPOSURE_AUTO=AUTO
set SENSOR_AE =1

EXPOSURE_AUTO[update] = MANUAL
SENSOR_AE =0
SENSOR EXPOSURE_AUTO = MANUAL
SENSOR EXPOSURET ]

PucyHok 2.3. /luarpamMma COCTOSIHUM KjlacTepa ae
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3. INOAAEPKUBAEMBDIE IOCTL

Tab6/mna 3.1. Cnucok nojaep>xuBaemMbix ioctl

HasBaHve OnuncaHne

VIDIOC_ENUM_FMT TToyunTh CUCOK TMO//I€P’KUBAEMBIX (POPMATOB MUKCEJIEH
VIDIOC_EXPBUF [Monyuuts QaiinoBklii geckpunTop Ha Oydep (He TIPOBEPsIOCH)
VIDIOC_G_CTRL ITonyuuTh 3HaYEHME KOHTPOJIA

VIDIOC_S CTRL W3MeHUTh 3HaUeHVe KOHTPOJIa

VIDIOC_G_EXT_CTRLS [TonyuuTh 3HaYeHMe pacIIMPEeHHOr0 KOHTPOJIa
VIDIOC_S_EXT_CTRLS W3MeHHWTh 3HaUeHVe paclIMpeHHOr0 KOHTpo/Ia

VID- IIpoBepuTh NpaBU/IBHO /1M YCTAHOB/IEHO 3HaUeHUe KOHTPOJIa
IOC_TRY_EXT_CTRLS

VIDIOC_G_FMT IMonyunTs TeKylIMii ycTaHOB/IEHHBIM (hopMart Nnukceneil ¥ pa3pelieHue
VIDIOC_S_FMT YcTaHOBUTE HOBBIN (hOpMar MUKCesell U paspelieHe
VIDIOC_TRY_FMT [TpoBepuTh, MOAAEPKUBAETCS JIM (HOPMAT TTUKCeJIel ¥ pa3peLieHue
VIDIOC_G_PARM [TonyunTs NapaMeTpbl CTPUMHUHIA

VIDIOC_S_PARM W3meHuTs nnapaMeTpbl CTPUMUHIA

VIDIOC_QBUF [Mepenars 6ydep ApatiBepy /st 3ar0THEHUSI

VIDIOC_DQBUF 3arnpocuTh 3amoHeHHbIN Oydep y ApaiiBepa
VIDIOC_QUERYBUF 3anpocuTs cratyc 6ydepa

VIDIOC_QUERYCAP 3arnpocuTh UHGOPMAIIHIO 0 BO3SMOKHOCTSX YCTPOHCTBA
VIDIOC_QUERYCTRL ITonyunTs COMCOK NOAJEep>KUBaeMbIX KOHTPOJIOB

VID- ITomyuuTh CIUCOK NMOJAeP’KUBAaeMbIX pPaCIIUPEeHHbIX KOHTPOJIOB (He
IOC_QUERY_EXT_CTRL TIPOBEPSIIOCH)

VIDIOC_QUERYMENU ITonyunTs CIMCOK NMOJAep>KUBaeMbIX MEHIO-KOHTPOJ/IOB
VIDIOC_REQBUEFS 3anpocuTthb Oydepsbl

VIDIOC_STREAMON BxstounTs nprém BUzEO

VIDIOC_STREAMOFF BoIK/TIOUNTE IPUEM BHUEO

3.1 VIDIOC_ENUM_FMT

bnok VINC nioagep>kvBaeT popmarsbi:
* V4L2_PIX_FMT_BGR32
* V4L2_PIX_FMT_M420

3.2 VIDIOC_EXPBUF

BrimosnHsieTcst B mogcucteme V4L2 6e3 yuactus gpaiiBepa vinc.

3.3 VIDIOC_G_CTRL

HO,E[,I[EP)KI/IBaEMBIe KOHTPOJIbI OITMCAHBI B I'laBe KOHmpO/lbl.
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3.4 VIDIOC_S_CTRL

IIpu KaXk0M 3arycy KOHTpoJia rojcructeMa V4L2 BHavase Bbi3biBaeT dyHKIW0 try_ctrl().
OT0 rapaHTUpyeT, uto obpaboTurk s_ctrl() monyyaeT y>ke mpoBepeHHOe 3HaueHue. [Toaaep-
JKUBaeMble KOHTPOJIbI OMKCaHkbI B I71aBe KoHmposbl.

3.5 VIDIOC_G_EXT_CTRLS

[Topmep>kuBaeMble pacIIMpeHHble KOHTPOJIbI ONKMCaHbI B I71aBe KOHMposbl.

3.6 VIDIOC_S_EXT_CTRLS

[Tpu Kak/[0i 3armucK paclIMpeHHOro KOHTposa TofcrcTeMa V4L2 BHauane BbI3biBaeT (PyHK-
uuto try_ctrl(). 3o rapanrupyert, uto obpaborurk s_ctrl() monayyaer ye rpoBepeHHOe
3HaueHue. [Toziep>kuBaeMble paciivpeHHble KOHTPOJIbI OMKCaHbI B I71aBe KOHMposbl.

3.7 VIDIOC_TRY_EXT_CTRLS

,Z[]IH e/JI04YMC/I€eHHBIX 3HAYEHUM /:[pal\;IBep rpoBepsdeT, UTO 3TO 3HaY€HUE MPUHAAIEC)KUT AUalld-
30HY, YKA3dHHOMY [Jid OdHHOI'O KOHTPOJIA. ,[[J'IH MdCCHBOB U YKHBBTEHeﬁ ,qpaﬁBep rnpoBepsdeT
AOITyCTUMOCTDb 3HAYEHWM B 3aBUCUMOCTHU OT KOHKPETHOTI'O KOHTPOJIA.

3.8 VIDIOC_G_FMT

[paiiBep vinc 3anpaiivsaeT pasmep Kazipa 4 (popmar y jipaiiBepa ceHcopa 1 BO3BpalljaeT CTPyK-
Typy v4l2_format.

3.9 VIDIOC_S_FMT

Kora npunoxkeHre ycraHaB/ivMBaeT popmar NUkKcesiell U pa3mep Kazipa, JpaiiBep vinc npoBepsi-
eT, TIOA/iep)KUBaeT JIM OH 3TOT (opmar nukcesneid. Eciu opmar He rojiep>KuBaeTcsi, TO Apaii-
Bep BepHET npunokeHuto oimbky -EINVAL. [IpatiBep vinc 3amnpaiivBaet pa3mep Kajpa v ¢op-
Mar y JpaiiBepa ceHcopa npu romMoiiu ¢GyHKuuu try_mbus_fmt. /IpaiiBep ceHcopa Bo3Bpalijaet
TOT pa3Mep KaZipa U (hopmar muKcesiel, KOTOpPbIM OH TO//lep>KUBaeT.

 Ecu 3anpaiiiviBaeMslii pa3Mep Kazipa MeHbllle pa3Mepa Ka/ipa, MoJIyueHHOTo OT ApaiiBepa
CeHcopa, To JpaiiBep vinc OyAeT BBITIONHATH KPOMIMHT, COXPaHsisi TIOJI0)KeHHe L[eHTpa
KaZipa, 1oJiyyaeMoro oT CeHcopa.

* B ocTanbHbIX cilyudasx gpaiBep vinc OyzeT UCI0/b30BaTh pa3Mep, MO/TyUYeHHBIH OT Jpau-
Bepa ceHcopa

[paiiBep vinc BbI3bIBaeT QyHKIHIO S_mbus_fmt, uTo 661 HACTPOUTEL CeHCOP Ha (hopmar MuKce-
Jieil 1 pa3Mep KaZipa, KOTOPbIi /ipaliBep ceHcopa BepHY/I Ipy Bbi3oBe try_mbus_fmit.

[HpaiiBep HacTpauBaet 6/i0K VINC B ciiefiytoliiei rmocieoBareibHOCTH:

» Hacrpoiika BXOJHBIX TIOPTOB.
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 Hactpolika BXO[HOr0 KPOIMHIa.

* BxkiroueHne 1 HaCTpoiiKa O6/10KOB peoOpa3oBaHusl.
* HacTrpotlika BbIXOZHOTO KPOITMHTa.

* HacTtpolika pa3mMepa CTPOK U Ka/IpOB.

» Hacrpoiika ¢opmara coxpaHsieMbIX TUKCeIel.

TpakT npeo6pa3oBanus ¥ DMA 0CTaroTCs B BBIK/THOUEHHOM COCTOSTHUH.

3.10 VIDIOC_TRY_FMT

AnropuTtm tipoBepku Kak 1ipu VIDIOC_S_FMT, Ho BHYTpeHHee COCTOsIHUe JipaiiBepa, 6/10Ka
VINC u ceHCcOpa He U3MEeHSeTCs.

3.1 VIDIOC_G_PARM

[paiiBep vinc 3ampaiivBaeT y JpaikiBepa CeHCOpa YacTOTy KaJ[pOB U 3ariojHSeT CTPYK-
Typy v4l2_fract. B mone type ctpykrypbl v4l2_streamparm 3anuchiBaeTcs duiar
V4L2_BUF_TYPE_VIDEO_CAPTURE. B nonsi cTpykTypbl v412_capturepar gpaiiBep 3a-
MUCHIBAIOT 3HAUEHUSI:

* B capability duar V4L2_CAP_TIMEPERFRAME
* B capturemode — 0

* B extendedmode — HoMep uHTepdeiica ynaneHHOrO YCTPONCTBAa B COOTBETCTBUU CO
cBoiicTBOM “elvees,ifacenum” B DeviceTree (cm MHuyuaauzayus *vinc*).

3.12 VIDIOC_S_PARM

Korpa npunokeHre ycTaHaBIMBaeT YacTOTYy Ka/IpoB, AipakiBep vinc 3ampaiivBaeT TeKyIIyH Ya-
CTOTY y JjpaiiBepa CeHCopa 1 BbIUMC/IsIeT KOIP@PULIMEHT JeL{uMaliU 110 KajipaM Kak OTHOILLIeHHe
TeKylllell 4acTOThI K 3arpalivBaeMoii. KoadduieHT AeliMaliiy yCTaHaBIMBAeTCs B Auaria-
30He OT 1 70 64. Ec/iu BbIUUC/IeHHBIM KO3(PPUIMEHT AeliUMaliii BbIXOAUT 3a FPAHULIbI Aua-
ra3oHa, yCTaHaB/MBaeTCsl TpaHUYHOe 3HaueHue. KosdduliveHT JeljMaliy 3anuchbiBaeTcs B
nosie FDECIM_COEFF peructpa STREAM_INP_DECIM_CTR.

3.13 VIDIOC_QBUF

[HpaiiBep craButr Gydep B ouepedr Ha 3amonHeHue. Ecnu ripuém Bueo Bk/toueH (cm VID-
IOC_STREAMON), HO B 5TOT MOMEHT He BeZIETCsI IPUEM JPYroro Kajipa, To ipaiiBep BK/IHOUaeT
DMA v HaunHaeTcsl IPUEM KaJipa C Hayajia CJieJyrollero Kajpa.

3.14 VIDIOC_DQBUF

BoimonnsieTcs B nogacucteme V4L2 6e3 yuacTust gpaiiBepa.
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3.15 VIDIOC_QUERYBUF

BrimosnHsieTcs B mogacrcteme V4L2 6e3 yuacTust JpaiiBepa.

3.16 VIDIOC_QUERYCAP

[paiiBep 3anuchiBaeT B MOJIS:
» B card cTpoky “VINC”

*B device_caps — bnaru V4L2_CAP_VIDEO_CAPTURE n
V4L2_CAP_STREAMING

» B capabilities — ¢naru u3 nons device_caps u guar V4L2_CAP_DEVICE_CAPS

3.17 VIDIOC_QUERYCTRL

BrimonHsieTcst B ozcucteme V4L.2 6e3 yuacTus apaiiBepa.

3.18 VIDIOC_QUERY_EXT_CTRL

BrimonHsieTcs B mogacucteme V4L2 6e3 yuacTust gpaiiBepa.

3.19 VIDIOC_QUERYMENU

BrimosnHsieTcst B mogcucteme V4L2 6e3 yuacTvst apaiiBepa.

3.20 VIDIOC_REQBUFS

IMoacucrema V4L2 nepefaéT ApaiiBepy yKasaTesb Ha KOJTMUeCTBO TUIeMHOB. [IpaiiBep BbICTaB-
JIsieT KOJTMYeCTBO TUIEMHOB MCXO0/s U3 BbiOpaHHOTO opmara rukcesnedi (cm. VIDIOC_S_FMT)

3.21 VIDIOC_STREAMON

[paiiBep BK/IOUaeT MPUEM BU/I€0: BK/IIOUaeT BXO/HOM IOPT, KaHa/l 00pabO0TKH, TIpephbIBaHKs
u outr AXI_MASTER_CFG.GLOBAL_ENABLE. Homep kaHasia 06paboTKu orpeziesnsieTcs
cBoMCTBOM “elvees,ifacenum”, ompeiesieHHBIM [I/Is yIa/IeHHOTO YCTPOMCTBA, C KOTOPOTo OyzeT
npuHUMaThCs Buzieo. Eciu “elvees,ifacenum” mmeeT yeTHoe 3HaueHre, BEIOMpaeTCst KaHas 00-
pabotku 0, ec/iu HeUeTHOe 3HaueHWe — KaHas 00paboTku 1. [IpaiiBep 3amuchbiBaeT 3HaueHHe
storo cBoiictBa B noie STREAM*_INP_CFG.INPUT_INTERFACE. Ilpu nomnbITKe 3amycka
BU/IE0 Ha KaHasie 06pabOTKH, KOTOPLIH y)Ke 3aHST ITPUEMOM BH/IE0 C IPYrOro UCTOYHMKaA, ioct]
Oyzmet 3aBepiiathcs ¢ KogoM ommbku EBUSY. Brirouenne DMA OyzneT MpOW3BOJUTECS TTPH
Hanmmuun Oydepos y apaiiBepa (cm VIDIOC_QBUF).
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3.22 VIDIOC_STREAMOFF

[paiiBep BHIK/TFOUAET IPUEM BH7Ie0: BbIK/touaeT DMA, KaHa/1 00pab0oTKH, TTpephIBaHUS U BXO/I-
Hoi nmopT. Eciu B DeviceTree orcytctByet cBolicTBo clock-over-fsync (ecm MHuyuaauzayus
*vinc*), To apaiiBep BoikrouaeT outr AXI_MASTER_CFG.GLOBAL_ENABLE.
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4. KOHTPOJIbI

[paiiBep vinc ucronb3yeT KOHTPOJIbI st HacTpouku 0/10ka VINC umm nepeiaéT 3TH KOHTPOJIBI
ZpariBepy ceHcopa. Ecnu fpaliBep vinc u ApaiiBep CeHCopa TO/1ep>KUBaOT OAMHAKOBbIe KOH-
TPOJIBI, TO TIPY U3MEHEeHHH TaKOTO KOHTPOJIA AipaiiBep vinc OyzieT nepeaBaTb KOHTPOJI ipaiiBepy
ceHcopa.

Hpaiiep V4L2 vinc ISP VPIN/VINC 1892BM144. PykoBo/iCTBO MpOrpaMMMCTa 21



eronmwwediodu 0910709034 "B TINAZ68T DNIA/NIAA dSI WA g1y A doaued];

cc

Tabmna 4.1. Cnincok nojAep>KUBaeMbIX CTaH/JaPTHBIX KOHTPOJIOB

# Ha3BaHune koHTposia Pacuu- Tvn paH- | 3Have- MwuHu- Makcu- OnvcaHune
PEHHbIl HbIX HVe NOo | MaJlbHOe | MasibHoe
KOHTpON ymonya- 3Have- 3Have-
HU1IO Hue Hue

1 V4L2_CID BRIGHTNESS Het integer 0 -2048 2047 3HayeHue SIPKOCTU

2 V4L2_CID_CONTRAST Her integer 128 0 255 3HaueHHe KOHTpacTa (yCu/l1eHue JIFOMBI)

3 V4L2_CID_SATURATION Her integer 128 0 255 3HaueHMe HaCHIIeHHOCTH (YCUIeHHe Xpo-
MBbI)

4 V4L2_CID_HUE Het integer 0 -128 127 3HaueHue Oa/laHCa IBETHOCTH

5 V4L2_CID _AUTO_WHITE_BALANCE Het bool 1 0 1 Pasperiienre aprobanaHca 6e1oro

6 V4L2_CID_DO_WHITE_BALANCE Het button - OpHOKpaTHasi ycTaHOBKa K03(hHLIMEeHTOB
6asaHca 6enoro

7 V4L2_CID_COLOR_KILLER Her bool 0 0 1 Pa3pelieHrie uepHO-0esioro mpu cjabom
BUJleOCUTHasle

8 V4L2_CID_GAIN Het integer 1 Ycunenue

9 V4L2_CID_GAMMA Her integer 16 1 31 I'amma-koppekLys

10 | vV4L2_CID_EXPOSURE_ABSOLUTE Ha integer Bpewms skcnio3uiuu A1 ceHcopa

11 V4L2_CID_EXPOSURE_AUTO Ha enum 1 0 1 PaspeiiieHrie ¥ BbIOOP peXKMMa aBTOIKCITO-
3ULUU

12 V4L2_CID_RED_BALANCE Her integer 0 -112 112 KoadhdurmenT banaHca [ KpaCHOTO IiBe-
Ta

13 V4L2_CID_BLUE_BALANCE Het integer 0 -112 112 Koaddurment 6anaHca /ijist CUHETO 11BeTa

14 | V4L2_CID_WHITE_BALANCE _TEMPER- | Hetr integer 6500 2000 9000 Basasc 6Gesioro B Bujie 1[BETOBOM TeMIiepa-

ATURE TYpBI

15 V4L2_CID_AUTOGAIN Het integer 1 0 1 PaspelieHne aBToycuieHus

16 V4L2_CID_AUTOBRIGHTNESS Her bool 0 0 1 Pa3speliieHrie aBTOSPKOCTH

17 | V4L2_CID_POWER_LINE FREQUENCY Her enum BximroueHue GUIBTPa YaCTOTHI IEpEMEHHO-
T0 TOKa, TIO3BOJISTFOLIIET0 M30eXaTb MeplLia-
HUs

18 | V4L2_CID_COLORFX Hert enum Bri60op 11BeToBOrO 3dhdexra

19 | V4L2_CID_COLORFX_CBCR Her integer KoaddurmenTs! Asst BeTOBBIX 3¢dekToB
CbCr (6uTst [7:0] gnst Cr, 6uts [15:8] ast
Cb)

20 | V4L2_CID_CHROMA_GAIN Her integer PerynvpoBka ycuieHusi 1jBeTa

MpoJo/mkaeTcsa Ha criegyoLLein cTpaHule
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Tabnuua 4.1 — Npofo/HKEHNE € NpeablayLLeli CTpaHnubl

# HasBaHune KoHTposa PacLuu- Tun paH- | 3Have- MwHu- Makcu- OnucaHune
PEHHBII HbIX HMe NOo | ManbHOe | MasibHoe
KOHTpON yMosya- 3Haue- 3Haue-
HUIO Hue HVe
21 V4L2_CID_BACKLIGHT _COMPENSA- | Hetr integer 0 0 10 KomneHcarus 3aaHero ceeta
TION
22 V4L2_CID _TEST PATTERN Ha menu 0 0 4 Bk/TroueHHe/BLIK/TIOUEHHE U BbIOOP TECTO-

BOr'O raTTepHa

6T0CTT'TO

Ngreed>



eronmwwediodu 0910709034 "B TINAZ68T DNIA/NIAA dSI WA g1y A doaued];

ve

Tabsmna 4.2. CiucoK moyiep>kMBaeMbIX HeCTaHJAPTHBIX? KOHTPO/IOB

# | HassaHue Tun gaHHbIX | Homep® | OnucaHue

1 V4L2_CID_BAD _CORRECTION_ENABLE bool 0x1000 Bk/1/BBIK/T 6710Ka KOpPPEKLUN OUTHIX TTUKCEJIeH

2 V4L2_CID_BAD_PIXELS void* 0x1001 Kapra 6uthIX muKcesnei

3 V4L2_CID_BAD_ROWS __ule* 0x1002 Butslie cTpoku

4 V4L2_CID_BAD_COLS __ule* 0x1003 BuTthle cTO/OLBI

5 V4L2_CID_GAMMA CURVE_ENABLE bool 0x1004 BkJ1/BBIK/T 6710Ka raMMa-KOPPEKI|H

6 V4L2_CID GAMMA_CURVE void* 0x1005 INamMma-Koppekuys

7 V4L2_CID_CC_ENABLE bool 0x1006 BK/1/BBIK/T KOPPEKLIWY 1[BeTa

8 V4L2_CID_CC void* 0x1007 Koppekius 1iBeta

9 V4L2_CID_CT_ENABLE bool 0x1008 BkJ1/BBIK/T TIpEOOpa30BaHus LIBETa

10 | V4L2_CID_CT void* 0x1009 [Tpeobpa3oBaHue 1BeTa

11 | V4L2_CID_DR_ENABLE bool 0x100A | Bk//BBIKN afiantalyu JUHaAMUUeCKOTO Jiara3oHa

12 | V4L2_CID_DR __ule* 0x100B | Apanranusi AMHAMUYeCKOro Jiara3oHa

13 | V4L2_CID_STAT_ENABLE 832 0x100C Bk/1/BbIK/T COOpa CTaTUCTUKU

14 | V4L2_CID_STAT AF COLOR 832 0x100D | KommoHeHTa aBTO(OKycCa

15 | V4L2_CID_STAT _AF_TH _ 832 0x100E | IToporoBoe 3HaueHWe aBTOPOKycCa

16 | V4L2_CID_STAT ZONEO void* 0x100F HacTtpotika 30Hb1 0

17 | V4L2_CID_STAT_ZONE1 void* 0x1010 Hacrpoiika 30851 1

18 | V4L2_CID_STAT_ZONE?2 void* 0x1011 HacTtpotika 30HbI 2

19 | V4L2_CID_STAT_ZONE3 void* 0x1012 Hacrpotika 30HbI 3

20 | V4L2_CID_STAT _HISTO void* 0x1013 I'uctorpammel o 30He 0

21 | V4L2_CID_STAT HIST1 void* 0x1014 I'ucrorpaMmel 1o 3oHe 1

22 | V4L2_CID_STAT_HIST?2 void* 0x1015 I'ictorpammel 1o 30He 2

23 | V4L2_CID_STAT HIST3 void* 0x1016 l'vcrorpaMmel 1o 30He 3

24 | V4L2_CID_STAT_AFO0 void* 0x1017 3HaueHUs aBTOOKYyca 1o 30He 0

25 | V4L2_CID_STAT AF1 void* 0x1018 3HaueHUst aBTOOKyCa 1o 30He 1

26 | V4L2_CID_STAT_AF2 void* 0x1019 3HaueHUs aBTOOKYyCa To 30He 2

27 | V4L2_CID_STAT AF3 void* 0x101A | 3nHaueHus aBTO(OKyCa 110 30He 3

28 | V4L2_CID_STAT_ADDO void* 0x101B JomnoyiHnTeTbHAasA CTaTUCTHKA T10 30He 0

29 | V4L2 _CID STAT ADD1 void* 0x101C JomnoyiHrMTebHasE CTaTUCTHKA 110 30He 1

30 | V4L2_CID_STAT ADD?2 void* 0x101D | JomosHWTe/bHAas CTaTUCTHKA I10 30He 2

31 | V4L2_CID_STAT ADD3 void* 0x101E JomnoyiHuTeTbHasE CTaTUCTHKA T10 30He 3

32 | V4L2_CID_SENSOR_EXPOSURE _AUTO bool 0x101F Pa3perieHrie aBTO3KCIIO3ULIMMU CEHCOPa
MpoaoxaeTcs Ha creaytoLleit cTpaHmue

6T0CTT'TO
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Tabnuua 4.2 — Npogo/HKEHNE € NpeablayLLeli CTpaHnubl

# | HasBaHue Tun gaHHbIX | Homep® | OnucaHue
33 | V4L2_CID_SENSOR_AUTOGAIN bool 0x1020 Pa3perienve aBToycuneHust ceHcopa
34 | V4L2_CID_SENSOR_AUTO WHITE_BALANCE | bool 0x1021 Pa3pelieHue apTo OamaHca 6e10ro ceHcopa

2 Bce HecTaH/japTHbIe KOHTPOJIbI SB/SIOTCS PacIlMPeHHBIMU.
3 Howmep ykaszan otHocutensHo V4L2_CID_CAMERA_CLASS_BASE.

6T0CTT'TO

Ngreed>



4.1 CraHpapTHbIe KOHTPOJIbI

O6o03HaueHus B OMTMCAHWM CTaHZAPTHBIX KOHTPOJIOB:

maX_V — KO/JINUeCTBO BO3MOXXHBIX 3HAUEeHWU KOMITOHEHThI TTUKCEeJIs.

4.1.1 V4L2_CID_BRIGHTNESS

Omumcanue: KOHTPOJT TTO3BOJISIET PETY/IMPOBATh SIPKOCTh U300pa’keHHUs.
Turm: __s32

[varna3oH BO3MOXKHBIX 3HaueHuM: [-2048..2048]

[Tar mexxay 3HaueHUsIMU: 1

3HaueHue 110 ymoa4yanuro: 0

Asroputm:

KoHTpon n3MeHsieT 3HaueHHe SpKOCTH U300pakeHusI Ha 3a/JaHHY0 BeIMunHYy. [1pu
yCTaHOBKe KOHTPOJIa PAaCCUUTHIBAETCSI BEKTOP V., 1 0OHOBISIOTCS 3HAUEHUS KO3 (-
¢unmentos 610ka Color Correction:

value
‘/bri = 0 )
0

rje value — TeKylijee 3HaUeHUe KOHTPO/Ia

4.1.2 V4L2_CID_CONTRAST

Omucanue: KoHTpos 1103BO/IsSIET U3MEHUTh KOHTPACTHOCTh M300pakeHusl.
Tum: _ s32

[uana3oH BO3MOXKHbBIX 3HaueHUi: [0..255]

[Iar mexxay 3HaueHusIMU: 1

3HaueHUe Mo yMo4yaHuto: 128

AITOPUTM:

KoHTpon yMHO)KaeT 3HaueHHe SIPKOCTH U300pakeHWsI Ha 3alaHHYI0 BeTUUMHY.
[Tpu ycTaHOBKe KOHTpOJIa pPacCUUThIBaeTcs Marpuiia M., 1 0OHOB/ISAIOTCS 3Haue-
Hust Ko3ddurirenTo 6710ka Color Correction:

Mcon =

o O~

0 0
1 0],
0 1

valueXm

= ) U value — TeKylllee 3HaUeHUE KOHTPOJIA.

rae L = tan(
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4.1.3 V4L2_CID_SATURATION

Omucanue: KoHTpOJ TI03BOJIsSIET U3MEHUTh HaChIIIIEHHOCTb N300pakeHusl.
Tum: _ s32

[uana3oH BO3MOKHbBIX 3HaueHui: [0..255]

[ar mexxay 3HaueHUsIMU: 1

3HaueHHe Mo yMo4yaHuto: 128

AITOpUTM:

KoHTpon yMHO)KaeT 3HaueHUsI [[BETHOCTH U300pakeHUs Ha 3a/JaHHYI0 Be/TMUKHY.
[Tpu ycTaHOBKe KOHTPOJIa pacCUMThIBaeTCss MaTpuiia M,,; ¥ OOHOBJIAIOTCS 3Haue-
Hust Ko3ddurienTo 6710ka Color Correction:

1 0 0
Msat - O C O 3
0 0 C

value X

= ) U value — TeKylllee 3HaUeHHEe KOHTPOJIA.

e C' = tan (

414 V4L2_CID_HUE

Omucanue: KoHTpoOs 1I03BOJIsSIET U3MEHUTh TOH U300pakeHusl.
Tum: _ s32

[uana3oH BO3MOXHbIX 3HaueHui: [-128..127]

[Tar mexxay 3HaueHUssMU: 1

3HaueHHUe Mo yMoa4aHuto: 0

AJITOPUTM:

KoHTpon BhIMOMHSIET MOBOPOT BEKTOpa I[BETHOCTH Ha 3aflaHHkbIN yros. IIpu ycTa-
HOBKE KOHTPOJIa pacCuuThiBaeTcsi Matpuiia My, 1 OOHOB/SIIOTCS 3HaUeHUs KO3d-
¢urmenToB 6;0ka Color Correction:

1 0 0
Mpe = | 0 cos(A) —sin(A) |,
0 sin(A) cos(A)

valueXm

e A = s

u value — TeKyllee 3HaueHHe KOHTPOJIA.

4.1.5 V4L2_CID_GAMMA

Omnucanvie: KOHTpPOJT MO3BOJISIET BHITIOTHUTD TaMMa-KOPPEKI[|0 M300pa)keHus1 C UCI0/Tb30Ba-
HHeM CTeTeHHOM (YHKIUH.

Tum: _ s32

[wvana3oH BO3MOXHbIX 3HaueHui: [1..31]
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Tar mexxay 3HaueHUsIMU: 1
3HaueHue 110 yMo/4aHuto: 16
Asroputm:

KoHTpon 3aziaeT napameTp /i1 BLIYMC/IEHUSI CTENeHH NepejaTouHON (PyHKLIMY TTPU
ramMma-KoppeKiuu. 3HaueHe CTereHU Y BBIUUC/ISIETCS KaK:

_ value/32
TTIC value/32’
r7e value — Tekylijee 3HaUeHKHe KOHTPO/IA.

3HaueHue TI0 yMO/TUaHUIO COOTBeTCTBYyeT v = 1. [IpeoOpa3oBaHye BLIOIHSAETCS B
6noke Gamma Correction (GC). [lns1 HacTpoliKu ripeoOpa3oBaHusi TpedyeTcs 3a-
JaThb Tpy Tabuiel u3 4096 3HaUEHWH, 10 OHOM /IJIsi Ka’KJ0r0 1IBETOBOIO KOMITO-
HeHTa TUKcesist. Tabauibl OZJMHAKOBBI /11 BCEX 1IBETOBBIX KOMITOHEHTOB. PopMu-
pOBaHMe TabJUILIBI OCYILECTBIISETCS C/IeAYIOIAM 00pa30M: [/Ist Ka>KZ0T0 3HaUeHHsT
1IBETOBOTO KOMITOHEHTa BXOJHOT0 nuKcesist V7 y B Auana3oHe 0-4095 BbrumcasieTcst
3HaueHHe 1JBeTOBOr0 KOMIIOHEHTa BbIXOHOTO nuKcessi Vo 1o Gopmyire:

Vour = 4095 * (1)’

[MTonyueHHbIe TaOIMIIBI 3aTTUCHIBAIOTCA B SUEMKU KaXK[OW U3 Tpex rnamsTei Kodd-
¢urmenToB 6710ka Gamma Correction.

4.1.6 V4L2_CID_COLOR_KILLER

Ommcanue: KoHTpos 1103BOJISIET TIepeBeCTH U300paXkeHHe B PaZialiii Ceporo LiBeTa.
Turn: bool

[varna3oH BO3MOXKHbIX 3HaueHu: [0..1]

[Tar mexxay 3HaueHUsIMU: 1

3HaueHue 110 ymoa4yanuto: 0

Asroputm:

I[Tpu BK/IIOUEHUH KOHTPOJI OOHY/IsieT 3HaueHHe L[BETOBLIX KOMITOHEHT M300pake-
Husl. [Ipy BK/IIOUeHNM KOHTPO/IA PacCUMThiBaeTcst Marpuija Mo ¥ OOHOBISIOTCS
3HaueHus K03 dumenTos 6moka Color Correction:

1 0 0
Mcg =10 1—wvalue ,
0 0 1 — value

rae value — TekyIijee 3HaueHHe KOHTPOJIA.

4.1.7 V4L2_CID_COLORFX

Omnucanue: KoHTpO/ M03BOJIsSIeT HaK/IaZbIBaTh Ha M300pakeHre pa3/inuHble 1BeTOBbIe 3 dek-
ThI.
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Turm: enum

[uarna3oH Bo3MOXHbIX 3HaueHUi: [0..15]
[ar mexxay 3HaueHusMU: 1

3HaueHUe Mo yMmoa4aHuto: 0

AJIropuTM™:

B 3aBUCMMOCTM OT 3HaueHUs KOHTPOJIAa BBIOMPAIOTCST 3HAYeHWs] MaTpHI]
Mrpx_raB, Mpx_ycver W BeKTOPOB Viex ram, Vex_vcwor. TIpM 3TOM OGHOB-
nsioTCs 3HaueHus1 ko3dduimento 6moka Color Correction. 1]BetoBoit 3¢ddekT
3aBUCUT OT 3HaueHHsi, IPUHMMAeMOro KOHTpPo/iIoM. Eciii KOHTPOJ BBICTaB/eH B
Hero//iep)KrBaeMoe 3HaueHHe, TO OH IePeBOAUTCS B MpeAbIAyIiiee TIOfdep>KuBae-
Moe. Eciu B onvcanuu 3¢ deKkTa HeT yIIOMUHAHKUSI MaTPUL{bl U BEKTOPa, TO OHU
MPUHUMAIOT 3HaueHUs 10 yMOJ/TYaHUIO:

1 00 1 0 0
Mpx rge= |0 1 0|, Mpx ycoer= (0 1 0],
0 01 0 0 1
0 0
Vex yover = | 0], Vex rap= | 0
0 0

Crircok 3HaueHMi nojJepKuBaemMbix 3((eKToB 1 UX OIMCaHue:
* V4L2_COLORFX_NONE

AddexT oTCyTCTBYeT. DTO UCXOAHOE 3HaueHue KOHTpoJa. MaTpulibl U BeK-
TOP CMeLL[eHUsI BbICTaB/ISIFOTCS] B 3HAUEHUSI 10 YMOJTYaHHUIO;

¢ V4L2_COLORFX_BW

M306paskeHue repeBoAUTCS B uepHo-0enoe. Matpuua Mpx ycpcr Y BEKTOP
Vrx ycpor IPUHUMAKOT 3HAYEHUS:

0 0
0], Vex vever = | 2048 | ;
0 2048

1
Mpx yover = | 0
0

o O O

e V4L2_COLORFX_SEPIA

K n3obpaxkenuto ripumensieTcs 3¢ ekt cermu. Marpuria Mpx pep TPUHU-
MaeT 3HaueHue:

0.393 0.769 0.189
MFX?RGB = 0.349 0.686 0.168 3
0.272 0.534 0.131

* V4L2_COLORFX_NEGATIVE
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N300paxeHre mepeBoguTcs B HeratuB. Marpunia Mpx pgp W BEKTOp
VFx_rGp TPUHUMAIOT 3HAUEHUS:

-1 0 0 4095
Mpx rge=| 0 =1 0 |, Vex rap = | 4095 | ;
0 0 -1 4095

* V4L2_COLORFX_VIVID

B wu3o0pakeHWu HachijaloTcs 1Beta. Marputa Mpyx yopcr ¥ BEKTOP
Vrx ycpor NIPUHAMAKOT 3HAUEHUS:

1 0 0 0
MFX_YCbC’r = O 13143 0 y VFX_RGB = —6436864 X
0 0 1.3143 —643.6864

* V4L2_COLORFX_AQUA

N3006paskeHre TIepeBOJUTCS B XOJIOAHbIe ToHA. Matpuua Mpy rep PUHU-
MaeT 3HaueHue:

08 0.1 0.1
MFX_RGB = 0.1 0.85 0.1 X
03 0.1 0.7

e V4L2_COLORFX_ANTIQUE

K n3obpaxxennto npumensietcs 3¢ ekt craporo ¢oro. Marputia Mpx rep
MPUHUMAaeT 3HaueHue:

085 0.1 0.3
MF'X_RGB = 0.1 045 0.5 3
0.1 03 0.5

* V4L2_COLORFX_SET_CBCR

B u3obpaxkennu komroHeHTI Cb wu Cr TmMKcened  3aMeHsIOT-
csi Ha 3HaueHusi Cb_{new} wu Cr_{new}, 3amaHHble KOHTPOJIOM

V4L2_CID_COLORFX_CBCR. Marpuua Mrx ycyor ¥ BEKTOP Vix ycobor
MPUHUMAIOT 3HaYeHUsI:

0 0 0 0
Mpx yever = [0 0 0], Vex vever = | Chpew
0 0 0 Crew

4.1.8 V4L2_CID_COLORFX_CBCR

Ormmcanve: KoHTpos mo3BosisieT u3MeHsiTh KoMmrioHeHTbl Cb u Cr mukceneli m3o0pakeHus
Ha (MKCHMpOBaHHble 3HaUeHWs1, IIpU Hcrosb3oBaHuu 3¢dexkra V4L2_COLORFX_SET_CBCR
koHTposia V4L2_CID_COLORFX.

Tum: _ s32
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[uvarna3oH BO3MOXKHbIX 3HaueHui: [0..65535]
3HaueHue 110 ymoa4yanuto: 0
Asroputm:

IIpy ycTaHOBKe KOHTpOJ1a jpaiiBep BbINOJIHSET:

* u3MeHeHue nepeMeHHbIX CTe, = value[7 : 0] U Cbye, = valuellb : 8], toe
value — 3HaueHHe KOHTPOJIA.

* mepecuéT BekTopa Vrx ycper KOHTpOna V4L2_CID_COLORFX u o6HOBe-
Hue 3HaueHus ko3(ddurmentor 6yoka Color Correction.

4.1.9 V4L2_CID_DO_WHITE_BALANCE

Onucanve: KOHTPO/ BBHITMO/HSET eJMHOBPEMEHHYIO aBTOHACTPOWKY OasaHca Gesioro miBeta
1300paykeHUsl.

Tur: button

[varna3oH BO3MOXKHBIX 3HAUE€HUU: -

[ar mexxay 3HaUEHUSIMU: -

3HayeHre Mo YMOJ/IUaHUIO: -

Asroputm:
[Tpeobpa3oBaHue BBITIOMHSAETCS TOIBLKO HaJ| AaHHBIMU B (hopmaTe RGB.
[1pu ycTaHOBKe KOHTpOJIa JipaiiBep BBITIOHSIET:

* YTeHWe 3HaueHHH CYyMMbI TI0 KPACHOMY, CHHEMY U 3€JIEHOMY L[BeTy SumR,
sumG, sumB u3 6s10ka craructuku (STT).

* BbIYMC/IEHWE B COOTBETCTBUU C ajsroputmoM “Cepbiii MUP” Ko3(PuimeH-
ToB OanaHca kpacHoro 1Beta Kr = sumG/sumR u cunero upera Kb =
sumG/sumB.

* YCTaHOBKY K03(¢duiueHTa 3eneHoro npera g = 1.

* (opmupoBaHue marpulibl My, g 110 popmyie:

Kr 0 0
Mwp=| 0 Kg 0 |,
0 0 Kb

Ju1st naHHbIX B popmare YCbCr Kr =1, Kg =1, Kb = 1.

* YCTaHOBKY KOHTPOJIOB VA4L2_CID_RED_BALANCE 51
V412 _CID_BLUE_BALANCE B COOTBETCTBUA C paCCUMTAHHBIMUA KO-
sbdurentamu Kr u Kb.

* ycraHoBKy ¢iaroB WRITE_ONLY u EXECUTE_ON_WRITE ast KoHTpO-
na V4L2_CID_WHITE_BALANCE_TEMPERATURE.

* obHOB/IeHMe 3HaueHus1 KO3 duieHToB 6/10Ka Color Correction.

Hpaiiep V4L2 vinc ISP VPIN/VINC 1892BM144. PykoBo/iCTBO MpOrpaMMMCTa 31



4.1.10 V4L2_CID_RED_BALANCE
Ornucanue: KoHTpon ycTaHaB/ivMBaeT 6aaHC KPaCHOTO IBeTa B M300pakeHHH.
Turm: __s32
[uana3oH BO3MOXKHbBIX 3HaueHui: [-112..112]
[ar mexxay 3HaueHUsIMU: 1
3HaueHHe Mo yMoa4aHuto: 0
AITOpUTM:
[Tpu ycTaHOBKe KOHTpOJ/a JpaiiBep BBIMNOJIHSET:

* BbIUMCIeHUe Ko3dduimenTa H6asaHca KpacHOTO 1jBeTa 1o hopMmyrie:

o — (value + 128) /256 §
1 — (value 4+ 128) /256

9,

rae value — Tekyiee 3HaueHUe KOHTposa, Kg — koadduripenT 6anaH-
Ca 3eJIeHOTO LBeTa.

YcraHoBKa value < 0 IpUBOJUT K ycTaHOBKe Kr < Kg, MUHUMabHOe
3HaueHue value = -112 cootBeTtcTtByeT K7 = 0.067 * K g. YcTaHOBKa
value > 0 mpuBoOAUT K ycTraHoBKe Kr > Kg, MakCMMasibHOe 3HaueHHe
value = 112 cootBetctByeT K1 = 15 % Kg. Ilpu value = 0 Kr = Kg.

* YCTAaHOBKY HOBOoro 3Hauenus Kr B marpuny Myp
V4L2_CID_DO_WHITE_BALANCE).

+ ycraHoBKy ¢siaroB WRITE_ONLY u EXECUTE_ON_WRITE g5 koHTpO-

na V4L2 _CID_WHITE_BALANCE_TEMPERATURE.

 o6HOB/eHHe 3HaueHus1 KO3 duieHToB 6/10Ka Color Correction.

4.1.11 V4L2_CID_BLUE_BALANCE
Onucanue: KoHTpon ycTraHaB/ivMBaeT 6ajaHC CUHero 1iBeTa B U300pakeHuH.
Tum: _ s32
[varma3oH BO3MOXKHBIX 3HaueHui: [-112..112]
[Tar mexxay 3HaueHusIMU: 1
3HaueHuve N0 ymonyanuto: 0
Anroputm:
ITpu ycTaHOBKe KOHTpO/a JjpaliBep BBIITOJHSET:

* BbIUMC/IeHHE K03 durveHTa banaHca CHETO 1BeTa 1o (opmyzrie:

Hpaiiep V4L2 vinc ISP VPIN/VINC 1892BM144. PykoBo/iCTBO MpOrpaMMMCTa

(cm.

32



(value + 128) /256

Kb =
1 — (value + 128) /256 TR

rae value — Tekyliliee 3HaUeHHe KOHTposia, Kg — KoadduimeHT 6anaH-
ca 3eJIeHOro LBeTa.

YcraHoBka value < 0 mpuBoguT K ycraHoBke Kb < Kg, MUHUMasibHOE
3HayeHue value = -112 cootBetctByeT Kb = 0.067 * K g. YcTaHOBKa
value > 0 nmpuBoguT K ycraHoBke Kb > Kg, MakciMabHOe 3HaueHue
value = 112 cootBetctByeT Kb = 15 % K g. Ilpu value = 0 Kb = Kg.

* yCTaHOBKy HoBoro 3HaueHuss Kb B  wmarpuny Myp (om.
V4L2_CID_DO_WHITE_BALANCE).

+ ycraHoBKy ¢naroB WRITE_ONLY u EXECUTE_ON_WRITE g5t KoHTpO-
na V4L2_CID_WHITE_BALANCE_TEMPERATURE.

* obHoB/eHue 3HaueHus KO3 duieHToB 6/10Ka Color Correction.

4.1.12 V4L2_CID_WHITE_BALANCE_TEMPERATURE

Ornucanue: KoHTposn ycTaHaBivBaeT 6aaHc 6esioro riBeta n300paykeHus B COOTBETCTBUH C LiBe-
TOBOW TeMIlepaTypOu.

Tum: _ s32

[uana3oH Bo3MoKHbIX 3HaueHuit: [2000 - 9000]
[Tar mexxpy 3HaueHusmu: 10

3HaueHue 1o ymosayanuro: 6500

AnroputMm:

B anroputme ucrnonb3yeTcs Tabsuiia mpeoOpa3oBaHUs 1IBETOBOM TeMIlepaTyphl B
RGB, BbIUKC/IeHHas € TOMOIBI0 Koga specrend.c?. Tabumua cofepKUT 3HaueHus
tableR = R/255, tableB = G/255 u tableB = B/255, rae R, G u B — 3HaueHus sipko-
CTH 1JBETOBBIX KOMITIOHEHT B /ikaria3oHe oT 0 10 255, COOTBeTCTBYIOII[1e [[BeTOBOM
TeMIlepaType. 3HaueHHus1 LIBeTOBOU TeMIlepaTyphl ONpPeJe/stoTCs B Auarna3oHe OT
2000K g0 9000K c marom 200K.

[Tpu ycTaHOBKe KOHTpO/a JjpaliBep BBIMOJIHSET:

* yTeHWe 3HaueHW CyMMbI TI0 KPACHOMY, 3e/IEHOMY U CUHeMY LIBeTY Sum,.,
Sum,g, Sum;, u3 6noka cratuctuku (STT).

* ompefiesieHHe 3Ha4eHUs SPKOCTH LIBeTOBbIX KoMITOHeHT Ctrl,., Ctrl, u Ctrly,
COOTBETCTBYIOIIUX 1[BETOBOM TemriepaType, 3a/[aHHOM 3HaueHreM KOHTpOJIa
value c ucronb30BaHKEM 3apaHee BLIYMCIeHHOHN Tabuibl peobpa3oBaHus
1IBeTOBOM TemmniepaTypbl B RGB mMeTozioM NMMHeHOW UHTePITOJISALIUN.

4 http://www.fourmilab.ch/documents/specrend/specrend.c
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* BBIUMCJIEHUE CABUTa 3e/IeHOTO LIBeTa, BHOCHMOTO TIOAK/IFOUeHHBIM CEHCOPOM,
o opmyzre:
_ Ctrly/Ctrl,

Kgy = .
g0 Sumyg/Sum,

* BbIUKC/IeHHe KO3 dHIMeHToB OanaHca KPaCHOTO, 3e/IeHOTr0 W CHHETo 1iBeTa
no popmynam: Kr = 1/Ctrl, , Kg = Kgo/Ctrl, , Kb =1/Ctrl,.

* npuBefeHUe koddduienTa 3eeHoro 1Beta K egunune: Kr = Kr/Kg,
Kg=1,Kb= Kb/Kg.

* YCTaHOBKY HOBbIX 3HaueHudi Kr, Kg, Kb B wMmarpuny Mpyp (cMm.
V4L2_CID_DO_WHITE_BALANCE).

* YCTaHOBKY KOHTPOJIOB V412 CID_RED BALANCE "
V4L2_CID_BLUE_BALANCE B COOTBETCTBUM C paCCUMTAHHBIMU KO-
s¢ppurmentamu Kr u Kb.

* cbpoc pnaroB WRITE_ONLY u EXECUTE_ON_WRITE

* obHOB/eHue 3HaueHus KoadduimerTor 6y10ka Color Correction.

4.1.13 V4L2_CID_AUTO_WHITE_BALANCE

Orncanve: KoHTpos BK/IIOUaeT/BBIK/IIOUAaeT aBTOHACTPOKKY OasaHca Gemoro jeTa u3obpaske-
HUSL.

Tun: bool

[varna3oH BO3MOXKHbIX 3HaueHui: [0..1]
3HaueHue 1o ymon4anuto: 0
Asroputm:

[lpy  BK/IIOYEHHWM  KOHTPOJI ~ BBITIOJIHAET  HAcTpoKy  OasaHca  Geso-
ro LBeTra TIOCJe KaXJAO0ro UTeHWsl CTaTUCTUYeCKUX JAaHHbIX II0 ail-
TOPUTMY, OTMCaHHOMY B r71aBe V4L2 CID DO_WHITE BALANCE.
Ons KOHTPOJIOB V4L2_CID_CC, V4L2 _CID_DO_WHITE_BALANCE,
V4L2 _CID_RED_BALANCE, V412 _CID_BLUE_BALANCE,
V4L.2_CID_WHITE _BALANCE_TEMPERATURE yCTaHaB/IUBaeTCs
¢bnar INACTIVE, pgns Bcex BblllellepeuUrC/IeHHbIX KOHTPOJIOB — KpoMme
V4L2_CID_DO_WHITE_BALANCE — ¢nar VOLATILE.

ITpu BeiktoueHny koHTpona ¢guark INACTIVE u VOLATILE f14 Beilenepeyuc-
JIeHHBIX KOHTPOJIOB COPachIBalOTCS.

4.1.14 V4L2_CID_AUTOBRIGHTNESS

Omumcanue: KOHTpoJT BK/TFOUAeT/BLIK/TIOUAeT aBTOHACTPOUKY SIPKOCTH M KOHTpacTa u3o0paxe-
HUSL.

Tur: bool
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varna3oH BO3MOXKHbIX 3HaueHui: [0..1]

3HaueHue 110 ymoa4yanuto: 0

Asroputm:

[Ipwu 3arpy3ke jpaiiBepa:

onpezensieTcst 30Ha 3 (C HaMMeHbBIIIUM TIPUOPUTETOM) /ISl BEIUUC/IEHHUS CTa-
TUCTUYeCKUX JJaHHbIX (cM. V4L2_CID_STAT_ZONEOQ-3).

paspeliiaeTcsi BEIUKCIeHe TUCTOrpaMM 110 30He 3 6710koM ctatuctuku (STT).

HPI/I BK/TKOUEHHWHK KOHTPOJI BBITIOJTHAET IT0C/Ie KaXKA0ro UTeHrud rmCTorpaMm Kpac-

HOTO,

3e/16HOTO U cuHero 1BeTa histR, histG, histB (a5 ganHbIX B hopmare RGB)

WA TUCTOrpaMMbl sipkocTH histY (a1 manHbIx B hopmare YCbCr) u3 6710ka cta-
tUcTUKY (STT) crepyrontyro nocieoBarelbHOCTD AeWCTBUM:

ITpu

BBIUKMC/IEHNE IS IaHHbIX B (popmare RGB cymMmapHO#i THCTOrpaMMbl 110
KPacHOMY, CUHeMY W 3ejieHoMmy LBety hist[i] = histR[i] + histG[i] +
histBli], tne i=0-255; g5 fanHbix B hopmare Y CbCr nUCIonb3yercst TUCTO-
rpamMa Mo sSIpKOCTH hist[i| = histY[i].

TIOCTPOEHHE KyMYJ/IATUBHOTO PACIIPeeIeHHst 10 CyMMApHO# TMCTOrpamMe:
accl0] = hist[0], accli]| = accli — 1] + hist[i], roe i=1-255.

orpeie/ieHie MUHUMAJ/IbHOTO ¥ MaKCUMaJIbHOTO 3HaUeHHs it 00pe3Ku TH-
CTOTPAMMBI TIO KpasiM TakuM 00pa3oMm, uToObl B 0Ope3aHHbIe yUaCTKH TH-
CTOrpaMMBbI monazano o 1% ot obiiero KoiMyecTsa MUKCe/ed B U300pa-
>KeHUH (HOpMasu3alysi TUCTOrpaMMbl). MUHUMA/BHOE 7,,;, 1 MaKCUMaJb-
HOE 7,4, 3HAUEHUS JIOJDKHBI BLIOUPAThCSI TaKUM 00pa30M, YTOOBI TO/IBKO ISt
1 <= lyin VI TONMBKO OJIST ] >= %y, BBITIOJHSIUCH C/I€AYIOIIUE YCIOBUS:

accli] < N % 0.1, acc[j] >= N % 0.99,

rae N — KonmmuecTBO HHKCEHEﬁ B BBIXOAHOM I/I306pa>KeHI/II/I.
orpeze/ieHre BXOAHOI0 Aralid30Hd IMoc/jie HOpMaJ/ii3alii TUCTOTPAMMEBI KdK
rangeé;, = imax - Zmzn

yCTaHOBKY HOBOTO 3HaU€HUs KOHTPACTA C I1eJTbI0 TIOTyYeHUSI MaKCHMaJTbHOTO
BBIXOZIHOTO AiMana3oHa: L = 255/range;,, rae L — ko3 dULMeHT MaTpuLIbl
Mo, (cM. V4L2_CID_CONTRAST).

yCTaHOBKY HOBOT'O 3HaUeHUsl IPKOCTH C Lie/TbI0 TI0/TyYeHUsl Hy/1eBOM HIDKHeM
I'PaHULIbI BLIXOHOTO AMarna3oHa: value = — L x min, rae value — ko3¢ du-
uueHT Bektopa Vy,; (eM. V4L2_CID_BRIGHTNESS).

oOHOB/eHre 3HaueHus1 KoagduiieHToB 60ka Color Correction.

BK/IFOYUEHWM KOHTposia s KOHTposioB V4L2 CID_CONTRAST wu

V4L2_CID_BRIGHTNESS ycranaenuBatotcst guaru INACTIVE u VOLATILE.

[Ipu

BbIK/ItoueHUn KoHTposa (praru INACTIVE u VOLATILE pans Bblwenepe-

UKUC/IEHHBIX KOHTPOJIOB C6paCblBa}OTCH.
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4.1.15 V4L2_CID_EXPOSURE_AUTO

OrnucaHue:

Tur: enum

KoHTpos ycTaHaB/ivBaeT pe)kKuM aBTOHACTPOWKM 3HAYEHUSI BbIZIEPIKKH.

[uana3oH BO3MOXHbIX 3HaueHui: [0..1]

[Tar mexxay 3HaueHusIMU: 1

3HayeHue N0 ymMo/IuaHuto: 1

AITOpUTM:

I[Tpu 3arpy3ke jpariBepa:

onpefensieTcst 30Ha 3 (C HaMMeHbIIWM NIPUOPUTETOM) /ISl BEIUMC/IeHUs CTa-
TUCTUYeCKUX JaHHbIX (cM. V4L2_CID_STAT_ZONEOQ-3).

pa3peliaeTcs BIUMC/IeHNE JOTIOJTHUTETbHOW CTaTUCTHKY TI0 30He 3 OJI0KOM
cratuctuku (STT).

YnpaeneHue 3Ha4YeHUSMU SKCIO3ULIUU U YCUJIEHUS OCYILeCTB/ISIETCS JpaliBepoM
yepe3 KOHTpoO/bI ApaiiBepoB ceHcopa V4L2_CID_EXPOSURE_ABSOLUTE u
V4L2_CID_GAIN.

ITpu ycranoBke 3HaueHust KoHTposia B V4L2_EXPOSURE_AUTO(0) KOHTpO/ BbI-
TIOJIHSIET TI0C/Ie KaKJOr0 UTEHUs] CyMM I10 KpaCHOMY, CUHEMY U 3e/IEHOMY 1iBe-
Ty sumR, sumG, sumB (a5 ganHbIX B hopMmare RGB) uiu cymMmapHO# SIpKOCTH
sumY (asist maHHBIX B opmare Y CbCr) u3 6oka cratuctuku (STT) ciienyroryto
MOC/1e/10BaTeIbHOCTb 1eUCTBUM:

BBIUMC/IEHHE 3HaUeHUsl CpeiHel sIpKOCTH n300paxeHus Asst popmara RGB:
Youg = (Mo * sumR + My * sumG + My * sumB)/N
unu ¢popmara YCbCr:
Youg = sumY /N,

rae My_o — ko3dduriipent marpuiipl Mor (cm. Color Transformation), N —
KOJTMUEeCTBO MUKCesIel B BBIXOJJHOM U300pa’keHHH.

BBIUMC/IeHYe Ko3(duiiieHTa NOACTPOKY 3kcnosuuu adj = 1T'H /Y,,,, rae
TH siByisieTCsi MapaMeTpOM aJropuTMa U BbIOKMpaeTcs B 3aBUCHMOCTH OT Tpe-
OyeMoro 3HaueHUs CpefiHei ApKoCTH (B TeKyliel peamm3aruu TH = 110). 3Ha-
yeHHe adj I0/PKHO HaXOAUThCS B iMaria3oHe oT 1/16 o 4, npu BbIxoze 3a Ipe-
Jlesbl AXara3oHa 3HaueHre OrpaHMYMBAETCsl HY)KHEW WK BepXHeW rpaHuLiein
JiiarasoHa.

YTeHUe TeKYIIUX 3HaueHUH IKCTIO3ULIUM U YCUIEHHUS U BbIUKCIeHe HOBOTO
3HaueHUs1 UCKOMOM SIPKOCTH:

brigthness = expeyr * gaing, * (SMOOTH + adj * (1 — SMOOTH)),

rae SMOOTH — ko3 pULIMeHT Criia’KUBaHus, TI03BOJISTIOLINH H30eXKaTh pe3-
KOTO M3MeHeHHs 3HaueHUM KCIO3ULIMU U YCUTIeHHs], KOTOPBIM SIB/ISIeTCS Ta-
pameTpoM anropuTma (B Tekyiei peanusanuu SMOOTH = 0.5).
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* omfpefie/ieHMe HOBBIX 3HAYeHWW SKCMO3ULMKA exp U yCUIeHus gain
Cc yyetoM mnapametrpoB amroputmMa EXPmax, GAINmax, KoTOpble
COOTBETCTBYIOT  MaKCMMaJ/IbHbIM  3HaueHWeM  KOHTPOJIOB  CeHcopa
V4L2_CID_EXPOSURE_ABSOLUTE u V4L2_CID_GAIN:

EXPmax if brigthness > EX Pmax,
exrp =
P brigthness if brigthness <= EX Pmax.

_ brigthness/ EX Pmax if brigthness > EX Pmac,
ain =
g if brigthness <= EX Pmax.

Ecm nonyueHHoe 3HaueHue gain > GAINmax, gain ycTaHaBIMBaeTCs
paBHbIM GAINmax.

* 3amnKCh HOBBIX 3HAUEHUI 3KCIIO3ULIUM exXp U YCUJIEHUS gain B KOHTPOJIbI CEeH-
copa.

Ecin  konTtpon ycraHaBmuBaercsi B V4L2_EXPOSURE_AUTO, KOHTPOJIBI
VA4L2_CID_SENSOR_EXPOSURE_AUTO w V4L2_CID_SENSOR_AUTOGAIN
yCTaHaB/IMBalOTCs B 3HaueHue 0 u A HUX ycraHaBavBaetcs (mar INACTIVE.
Ecmu konTtpon ycraHaBnvBaetcs B V4L2_EXPOSURE_MANUAL, KOHTpO/bI
V4L2 _CID_SENSOR_EXPOSURE_AUTO w V4L2_CID_SENSOR_AUTOGAIN
ycTaHap/uBatoTcs B 3HaueHue 1 u ¢uiar INACTIVE c6pacbiBaetcs.

Korma KOHTpOn HaxoguTcsi B COCTOSIHUM DPYYHOTO  yIIpaBlIeHUS]  SKC-
ro3ulyen, KOHTPOJIBI V4L2 CID _SENSOR_EXPOSURE AUTO U
V4L2_CID_SENSOR_AUTOGAIN w™oryT ObITh yCTaHOB/EHbI B 3HaueHUe
0.

4.1.16 V4L2_CID_BACKLIGHT_COMPENSATION
Onwucanue: KoHTpos1 ycTaHaBIMBaeT Pe)KUM aBTOHACTPOMKM KOMIIeHCalliy 3aJHero CBeTa.
Tum: _ s32
[varna3oH BoO3MOXKHbIX 3HaueHui: [0..10]
[Tar mexxay 3HaueHusIMU: 1
3HaueHyve o ymonyanuio: 0
Anroputm:
ITpu 3arpyske gpariBepa:

* ormpeessieTcst 30Ha 3 (C HAUMEHBIIIUM MPUOPUTETOM) [I/IsT BEIUKC/IEHUs CTa-
TUCTUYeCKUX AaHHbIX (cM. V4L2_CID_STAT_ZONEO-3).

* paspelliaeTcs BLIUKMC/IEHHEe TUCTOTPaMM T10 30He 3 6/10KoM cTatucTuku (STT).

ITpu ycTaHoBKe 3HaueHUst KOHTposia B 0 aBTOHaCTPOVKA KOMITeHCaly 3a/JHero CBe-
Ta OTKJ/IIOYEHa.

[Ipy ycTaHOBKe HEHY/IEBOrO 3HaueHWsi KOHTPOJ/A MOC/ie KaXK/J0ro YTeHUs] TUCTO-
rpaMM KpacHOTO, 3e/iéHOro U cuHero uBeta histR, histG, histB (aya maHHBIX B
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dbopmare RGB) unu ructorpammsl sipkocty histY (as1s gansbix B popmate Y CbCr)
n3 6s0ka craructuku (STT) BhIMOMHSETCS Crieytoljasi MOC/IeA0BaTeIbHOCTD JeH-
CTBUU:

* BBIUMCJIEHHE /i aHHbIX B opmare RGB cymMmapHO# THCTOrpaMMbl 110
KpacHOMy, CUHEMY W 3efieHoMy LBeTy hist[i] = histR[i] + histG[i] +
histBli], toe i = 0 — 255; gis ganHeix B opmare YCbCr ucrosb3yercst
THUCTOrpaMMa TI0 SIPKOCTH hist[i] = histY[i].

* MOCTPOEHHE KyMY/IATUBHOTO PACIPeJie/IeH st 0 CyMMApHO# THCTOrpamMe:
accl0] = hist[0], accli]| = accli — 1] + hist[i], toe i = 1 — 255.

* BbIUMC/IeHHWe Tab/uibl Mpeobpa3oBanus n3obpakenus HE(i) MeTozioM 5KBa-
JIU3aLU TUCTOTPAMMBI:

HE(i) = 255 * “CNC[Z],

rae N — KOJIMUeCTBO IMUKCeJIel B BBIXOJHOM HM300paxkeHud, i = 0 — 255.

* BbIUMC/IEHUEe KO3 ULMeHTa TMHeHHON MoarduKau Tabmuiisl mpeobpaso-
Banusi n = value/10, rae value — Tekyiijee 3HaUeHHE KOHTPOJIA.

» MogubUKalus Tabauibl Ipeobpa3oBaHUs U300payKeHHs C ITOMOIIBI0 KO3(h-
duiyeHra:

* BbIUKC/IeHUe Tabmuibl ipeobpasoBanust Vo (i) mo dopmysne:

Vour(i) = HEpin(1/16),7 = 0 — 4095.
* 3anuch Tabmumi] ipeobpa3oBanus B 6ok Gamma Correction (GC). Tabmuiib
OJJMHAKOBHI [I/Is1 BCEX LIBETOBBIX KOMITIOHEHTOB.

Ecim  KOHTpPO/T  yCTaHaBAMBAeTCl B HEHy/leBOe  3HaueHue, KOHTPOJI
V4L2 _CID_GAMMA_CURVE nmniepexoguT B HeaKTMBHOe COCTOsiHMe (ycCTa-
HaBmuBaeTcss ¢uar INACTIVE). Ilpeobpa3oBaHue, 3a/aBaeMoe KOHTPOJIOM
V4L2_CID_GAMMA, BbironiHsieTcsi Tiocjie ipeobpa3oBaHusl, 3a/JaHHOTO KOHTPO-
qaom V4L2_CID_BACKLIGHT_COMPENSATION.

4.1.17 V4L2_CID_TEST_PATTERN

Omcanue: KoHTpos1 BEIOMpPAeT TeCTOBLIM MMaTTepH, reHepupyembiii 6;10koMm VINC.
Tun: menu (__s32)

Knacc pacumpennoro kourpona: V4L2_CTRL_CLASS_IMAGE_PROC
[Hvarna3oH BO3MOXKHbIX 3HaueHui: [0..4]

[Tar mexxny 3HaueHUsIMU: 1
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3HaueHUe Mo yMoa4aHuto: 0

Taonuna 4.3. Bo3Mo)XHbIe 3HaueHUsI KOHTPOJ1a

3HauveHne | HasBaHwue Onuncaxune

0 Disabled TecToBbIi MaTTEPH BBIK/IIOUEH. Buzieo rocTymaeT ¢ BUeo-ceHcopa
1 Vertical bars IIBeTHBIe BepTUKAJ/IbHBIE [10/I0CHI

2 Diagonal stripes LIBeTHBIe JUaroHasbHbIE ABUTAIOIIUECS T10/10ChI

3 Horizontal bars LIBeTHBIE TOPH30HTAJILHBIE TTO/IOCHI

4 Increment IToouepéaHoe yBenrueHe 3HaU€HUI 1IBETOBBIX KOMIIOHEHT

4.2 HecraHAapTHbIE KOHTPOJIbI

4.2.1 V4L2_CID_BAD_CORRECTION_ENABLE

I[Tpu 3HaueHun O ApaiiBep OTK/FOYAaeT OI0K KOPpPeKIUU OUTHIX ruKceseid. [1pu 3HaueHnn 1 —
BKJIFOUAeT.

Ecsu ipu BBIK/TFOUEHHOM O710Ke KOPPeKLUM OUTBIX MTUKCesiel ApaiiBepy OyzeT repesiaH CITUCOK
outeix mukceneid (V4L2_CID_BAD_PIXELS), 6utsix ctpok (V4L2_CID_BAD_ROWS) wiu 6u-
ThiX cTon6110B (V4L2_CID_BAD_COLS), TO BCe 3TH CITUCKHU OylyT aBTOMaTHUeCKHU 3ariiCaHbl
B OJIOK MpPH ero BK/IHOUeHUH.

4.2.2 V4L2_CID_BAD_PIXELS

[paiiBep MpUHUMaeT MacCHB CTPYKTYpbI struct vinc_bad_pixel. MaccuB fo/mKeH COCTOSITh
n3 4096 s/1eMeHTOB:

struct vinc_bad pixel {
__ulé x;
__ulé y;

KoopguHatb! fedeKTHbIX MHKCeel J0/DKHBI ObITh 3arvcaHbl B MaMsTh B MOPsiIke BO3pacTa-
HUSI KOOPZAMHAT TIMKCeJs: ClieBa-HarpaBo, CBepXy-BHU3. UTOOBI NIMKCeTb He UCIIPaBIIsICS, ero
KOOpZMHATHI C/lefyeT yCcTaHOBUTE B 3HaueHue OXFFFE.

4.2.3 V4L2_CID_BAD_ROWS

[paiiBep mpyuHUMaeT MacCUB U3 16 3HaueHU Tuma __ul6. 3HaueHUst MacCHMBa COCTOSIT U3 HO-
MepoB 0uThIX cTpoK. 3HaueHre OXFFFF o3HauaeT, UTO CTPOKY He HY>KHO HUCITPABJISATS.

4.2.4 V4L2_CID_BAD_COLS

[paiiBep mpyuHUMaeT MacCuB U3 16 3HaueHu Tuna ___ul6. 3HaueHHs MacCuBa COCTOST U3 HO-
MepoB 6uThix cTonb1i0B. 3HaueHue OXxFFFF o3HauaeT, uTo cTosi6el] He HY»KHO HUCTIPAB/ISITh.

4.2.5 V4L2_CID_GAMMA_ENABLE

ITpu 3Hauennu 0 gpaiiBep OTK/TIOYaeT O/I0K raMMa-KOppeKIyu. [1py 3HaueHun 1 — BK/IFOUaeT.
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HPI/I BBIK/TFOUeHHH 0JI0Ka c1eaAyrolire KOHTPOJIbI CTAHOBATCA HEAKTUBHBIMHU:

* V4L2_CID_GAMMA

4.2.6 V4L2_CID_GAMMA_CURVE

[ paiiBep npvHUMaeT CTPYKTypy struct vinc_gamma_curve:

struct vinc_gamma_curve {
__ul6 red[4096];
__ul6 green[4096];
__ul6 blue[4096];

};

Ecmm ycraHoBKa KOHTpOJa BBHITIONHSETCS TIPU BBIK/IFOUEHHOM 0JIOKe TraMMa-KOppPeKI|H,
TO CTPyKTypa OyJeT aBTOMaTMUeCKW 3amuca B O/JIOK TIpU BK/IHOYEHWH KOHTPOJIA
V4L2_CID_GAMMA_ENABLE.

4.2.7 V4L2_CID_CC_ENABLE

ITpu 3Hauenuu 0 gpaiiBep oTKMOUaeT 010k Koppekiuu 1jBeta Color Correction. ITpu 3HaueHUH
1 — Bxrouaer. Ipu BeIK/TFOUeHUH O10Ka CTAHOBSITCS HEAKTUBHBIMH BCe KOHTPOJIbI, YITPaBJIs-
1o111e GJIOKOM.

4.2.8 Vv4L2_CID_CC

[paiiBep npuHMMaeT CTPyKTypy struct vinc_cc:

struct vinc_cc {
__ul6 coeff[9];
__ul6 offset[3];
__u8 scaling;

15

Tab6mna 4.4. OnucaHue Mojiel CTPYKTYpbI vinc_cc

Mone OnucaHue

coeff KoadhdurmenTs! mpeodpa3oBaHus LIBETHOCTH
offset CMellieHHe 1BETOBbIX KOMITOHEHT

scaling Kosddurpent maciinrabupoBaHus

4.2.9 V4L2_CID_CT_ENABLE

Ipu 3HaueHuu 0 ApaiiBep oTK/rOUaeT 610K rnpeobpasoBaHus 1BeToBOM Mozenu (Color Trans-
formation). ITpu 3HaueHHy 1 — BKJTIOYAET.

[Tpu ycraHoBke (opmara BGR32 fpaiiBep usmeHUT 3HaueHre KoHTposa Ha 0. IIpu ycraHOoB-
Ke yiroboro ¢opmara, otmuHoro ot BGR32, apaiiBep n3MeHUT 3HaueHue KoHTposa Ha 1. [Tpu
BBIK/IFOUeHUH 0J10Ka Ce/yIoIiie KOHTPOJIbl CTAHOBSTCs HeakTuBHbIMU: (TBD)
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4.2.10 V4L2_CID_CT
[paiiBep npyuHUMaeT CTPYKTypy struct vinc_cc (cm. V4L2_CID_CC).

ITpu ycraHoBKe /ro60oro gopmarta, orinaHoro ot BGR32, apatiBep U3MeHUT COZlep)KUMOe KOH-
Tposia (3anuiiet Ko3dduiiueHTs! peodbpazosanus u3z RGB B YCbCr).

4.2.11 V4L2_CID_DR_ENABLE

ITpu 3Hauenuu 0 ApaiiBep OTK/IOUaeT OJIOK afianTaliyd JUHAMHUeCKOro guara3ona (Dynamic
Range). I1pu 3HaueHuun 1 — BK/rOUaeT.

[Tpu BeIK/TIOUEHNH O710Ka CJle/IyIOLe KOHTPOJIbI CTAaHOBATCS HeakTuBHbIMU: (TBD)

4.2.12 V4L2_CID_DR

HpatiBep nprHuMaeT MaccuB u3 4096 3HaueHuit Thna _ ul6. 3HaueHUs1 MacCUBa COCTOST U3
K03(hGULMEeHTOB KOPPeKLMU JMHaMUUeCKOro /iMaria3oHa.

Ec/ii ycTaHOBKa KOHTPOJIa BHITIO/THSIETCS TP BLIK/TFOUEHHOM OJI0Ke aJjanTaliui JUHAMHUUe CKO-
O Jiara3oHa, TO CTPYKTypa OyzileT aBToMaTUueCKy 3amuca B 0JI0K TP BK/IFOUeHUH KOHTpOJIa
V4L2_CID_DR_ENABLE.

4.2.13 V4L2_CID_STAT_ENABLE

[paiiBep npuHUMaeT 3HaueHue Tyra __s32. B 3HaueHUM KOoAUpyeTCs OUTOBasi MacKa BKJTIOUEH-
HBIX O/I0KOB cOOpa CTaTUCTHKU:

» 0x1 — Bk/TrOUeH 610K cOOpa rUCTOrpaMM
» 0x2 — BK/TIOUeH O/10K aBTOOKyCa
* 0x4 — BK/IIOYeH O/I0K JOTO/THUTE/IbHBIX CTaTUCTUUeCKUX JAaHHBIX

Ecnu B 3HaUeHMM HeJOMyCTHMasi Macka, TO BbI30B KOHTpOJIA 3aBepIIaeTcs C KOJOM OLIMOKU
-ERANGE.

4.2.14 V4L2_CID_STAT_AF_COLOR

[paiiBep MpUHUMAaeT 3HaueHue Tuma __s32. B 3HaueHHUH 3aKOAMPOBaH HOMep KOMITOHEHTHI 1]Be-
Ta, 110 KOTOpPoi paccunTthiBaetcst puibTp Cobes:

* 0 — R gg RGB wmu Cr gns YCbCr
* 1 —Gana RGBumu Y s YCbCr
* 2— B g RGB wm Cb gns YCbCr

Ecnu B 3HaUeHUU HE/IOMYCTUMBbIM HOMep KOMITOHEHTbI, TO BLI30B KOHTPOJIA 3aBEpPILAEeTCs C KO-
nom onmbku -ERANGE.

4.2.15 V4L2_CID_STAT_AF_TH

[paiiBep TIpyHMMaeT 3HaueHHe 12-OMTHOe TIoporoBoe 3HaueHue A ¢unbTpa Cobess THIa
832,
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4.2.16 V4L2_CID_STAT_ZONEO0-3

[paiiBep mpyuHUMaeT CTPYKTypy struct vinc_stat_zone 30HbI cOOpa CTaTUCTUKU:

struct vinc_stat_zone {
__ul6 enable;
__ul6 x_lt;
__ul6 y_lt;
__ul6 x_rb;
__ul6 y_rb;
}s

Taonuna 4.5. OnucaHue MoJield CTPYKTYPhI vinc_stat_zone

Mone | OnucaHve
enable | Bk/roueHue/BbIK/IFOUeHHe 30HbI: ) — 30Ha BBIK/IFOUEHa, JIF000e Jpyroe 3HaUeHHe — 30Ha BKJIFOUEeHa
x_lt KoopayHara X 71eBOro BepxHero yria 30HbI

y_lt KoopguHara y /1eBoro BepxXHero yrjia 30Hbl
x_rb KoopayHara x mpaBoro HWKHero yrria 30HbI
y_rb KoopguHarta y 1paBoro HYKHero yrvia 30Hbl

CornachHo crietvéukanuyyd VINC mipu onpefie/ieHUM KOOPAWHAT 30HbI JO/KHBI BBITTOTHATHCS
C/lefyrolye YCIOBUS:

e x It>0
ey _lt>0
* x_rb <HSIZE-1
* y_rb < VSIZE-1,

rae HSIZE — pa3mep n3obpakeHus 110 ropu3oHTamu, VSIZE — pa3mep n300pa’keHust 0 Bep-
THKAaJIU.

3oHa 3 (Cc Ha“MeHbIIMM IPUOPUTETOM) 3ape3epBHpOBaHa Ji/isl UCI0/Ib30BaHMs JpariBepoM. Pas-
Mephbl 30Hbl YCTaHAB/IMBAIOTCS Ha 1 MUKCelb MeHbllle pa3Mepa BbIXOAHOTO M300pakeHHUsl CO
BCex CcTOpOH (cm. Takke rf#2159). [Insi 30HBI BK/IHOUEH COOp TMCTOTPAaMM U JOTIOJTHUTE/Tb-
HOM CTaTUCTUKKU. CTaTUCTHKA UCTIOb3yeTcss KoHTposiamu V4L2_CID_DO_WHITE_BALANCE,
V4L2 _CID_WHITE_BALANCE_TEMPERATURE, V4L2_CID_AUTO_WHITE_BALANCE.

[TpunoxeHre MoOyKeT Tiepeoripe/ie/IUTb pa3Mepbl 30HbI 3, HO TIPY 3TOM BhbIlIeNepeyrcieHHble
KOHTpOJIbI OyayT paboTaTh HEKOPPEKTHO.

4.2.17 V4L2_CID_STAT_HISTO0-3

KonTpon Tonbko ajist uteHusi. JpatiBep 3arosiHsieT CTPYKTypy struct vinc_stat_hist:

struct vinc_stat_hist {
__u32 red[256];
__u32 green[256];
__u32 blue[256];

}s
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Tabsmuna 4.6. Onucanue mosieil CTPyKTypsbl vinc_stat_hist

Mone | OnucaHne

red IictorpamMma 1o KpacHomy 1iBety (Cr B ciydae YCbCr)

green I'ucrorpammMa 1o 3enéHomy mBety (Y B ciiyuae Y CbCr)

blue I'ucrorpamma 1o cuHeMy uBeTy (Cb B ciiyuae YCbCr)
3HaueHus

oTipefie/ieHbl  TOJBKO €CMM  BK/IOYeH O/iok  cOopa  rUCTporpamm

V4L2_CID_STAT ENABLE)

4.2.18 V4L2_CID_STAT_AF0-3

KoHTposn Tonbko Asist uteHust. []paiiBep 3ano/HseT CTpyKTypy struct vinc_stat_af:

struct vinc_stat_af {
__u32 hsobel;
__u32 vsobel;
__u32 lsobel;
__u32 rsobel;

I

Taonuna 4.7. OnucaHue moJiel CTPYKTYphI vinc_stat_af

Mone OnucaHue
hsobel 3Hauenue ¢punbrpa Cobesisi o rOpPU30HTAIBLHOMY HarpaB/ieHUI0
vsobel | 3nauenue ¢unsTpa Coberst 0 BepTHKAILHOMY HallpaB/IeHUI0
Isobel 3Hauenue ¢unbrpa Cobesisi Mo AUaroHamu cieBa CBepXy BIIPABO BHU3.
rsobel 3Hauenue duasTpa Cobesist 10 [UaroHaIM cripaBa CHU3Y B/1€BO BBepX.
3HaueHus oripefie/ieHbl TOJTBKO e BKJIFOUEH 610K aBTOdOKYyCa

V4L2_CID_STAT ENABLE)

4.2.19 V4L2_CID_STAT_ADDO-3

KoHnTpon Tonbko st uteHus. [patiBep 3amnonHsieT CTPyKTypy struct vinc_stat_add:

struct vinc_stat_add {

15

u64
u64
u64
u32
u32
u32
u8
u8
u8
u8
u8
u8

sum2_r;
sum2_g;
sum2_b;
sum_r;
sum_g;
sum_b;
min_r;
min_g;
min_b;
max_r;
max_g;
max_b;
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Tab/mua 4.8. Onmcanue nmosieit cTpykTypsbl vinc_stat_add

Mone Onucaxune

sum2_r CyMMa KBa/ipaToB 1o KpacHomy 1iBety (Cr B ciydae YCbCr)
sum2_g CymMmMa KBaipatoB 110 3esiéHomy 1Bety (Y B ciaydae YCbCr)
sum2_b Cymma KBazipatoB o cuHemy 1iBeTy (Cb B ciyuyae YCbCr)
sum_r Cymma 1o kpacHomy 1Bety (Cr B cityuae Y CbCr)

sum_g Cymma 1o 3eniéHomy 11Bety (Y B ciiyuae Y CbCr)

sum_b CymmMa o cuHemy 1iBety (Cb B ciiyuae YCbCr)

min_r MuHHMa/TEHOE 3HaueHue 10 KpacHomy 1iBety (Cr B ciyuae YCbCr)
min_g MuHuMabHOe 3HaueHue 110 3es1éHomy 1BeTy (Y B ciaydae YCbCr)
min_b MuHHMa/TbHOE 3HaueHue 110 cuHemy 1iBety (Cb B ciryuae YCbCr)
max_r MakcrMasnbHoe 3HaueHHe 1o KpacHomy 1iBety (Cr B ciaydae YCbCr)
max_g MakcrMasbHOe 3HaueHue 1o 3esiéHomy 1Bety (Y B ciaydae YCbCr)
max_b MakcrMmainbHoe 3HaueHue 1o cuHeMy 1iBety (Cb B ciyuae YCbCr)

3HaueHus onpe/iesieHbl TOJIbKO eC/Y BK/IH0UeH 010K 10MO/THUTE/IbHBIX CTaTUCTUYECKUX JaHHBIX
(cm. V4L2_CID_STAT ENABLE)

4.2.20 V4L2_CID_SENSOR_EXPOSURE_AUTO

Onucanue: KoHTpon pa3peliaer paboTy aaroputMa aBTOKCIIO3ULIMU B CEHCOPe.
Tun: bool

varna3oH BO3MOXKHBIX 3HaueHui: [0..1]

[Tar mexxay 3HaueHusAMU: 1

3HaueHue 1o yMo/I4aHuio: 1

AnroputMm:

[Tpy 3HaueHMM 1 BK/IIOUAETCsl aBTOSKCIIO3ULIMS B JipaliBepe CeHCOpa, KOHTPOJIbI
ceHcopa V4L2_CID_EXPOSURE, V4L2_CID_EXPOSURE_ABSOLUTE cra-
HOBSITCS1 HEAKTUBHBIMHU.

[Tpu 3HaueHuu 0 aBTOSKCMO3ULIUS B [ipaiiBepe CeHCOpa BbIK/IOUAeTCsl, KOHTPOJIbI
ceHcopa V4L2_CID_EXPOSURE, V4L2_CID_EXPOSURE_ABSOLUTE po-
CTYTIHBI [J11 U3MEHEeHUsI.

4.2.21 V4L2_CID_SENSOR_AUTOGAIN

Ormmcanve: KoHTpos pa3peraet paboTy airopuTMa aBTOyCU/IEHUs B CEHCOpe.
Tun: bool

[wvarna3oH BO3MOXKHbIX 3HaueHui: [0..1]

[lar mexny 3HaueHUsAMU: 1

3HaueHue 10 yMoI4aHuto: 1

Asnroputm:
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[Tpu 3HaueHuU 1 BK/IFOYAeTCs aBTOyCH/IeHHe B JipaliBepe CeHCopa, KOHTPOJI CeHCO-
pa V4L2_CID_GAIN cTaHOBUTCSI HEAKTUBHBIM.

ITpu 3Hauennu 0 aBTOyCU/IeHMe B [ipaliBepe C€HCOPA BBIK/IOYAeTCsl, KOHTPOJI CeH-
copa V4L2_CID_GAIN fgoctyrieH [/l U3MEHeHUs.

4.2.22 VA4L2_CID_SENSOR_AUTO_WHITE_BALANCE
Ornucanuve: KoHTpos pa3peiaet paboty asroputMa aBTobanaHca 6eoro B ceHcope.
Tun: bool
varna3oH BO3MOXKHBIX 3HaueHui: [0..1]
[Tar mexxay 3HaueHusIMU: 1
3HaueHue 10 ymMo/a4aHuio: 1
Anroputm:
I1pu 3HaueHny 1 BKrOUaeTcst aprobanaHc 6esoro B ApaiiBepe CceHCOpa.

HPI/I 3”HaueHuu 0 aBrobasaHc 6e10ro B ,J:LpaﬁBepe CEeHCOPa BBIK/TKOUAETCA.

IIpumeuanmue: Anroputm OasaHca 6enoro B JpaiiBepe vinc
V4L2_CID_AUTO_WHITE_BALANCE Bcerga pabotaer Haj u300pakeHWeM, KOTOpOe
TIPULLIJIO C ceHcopa, BHe 3aBucuMOocTd oT V4L2_CID_SENSOR_AUTO_WHITE_BALANCE.
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5. IMPUWIOXEHUE A. KOHTPO/Ibl, PEAJIN30BAHHDbIE
JTPAIBEPE CEHCOPA 0V2715

5.1 V4L2_CID_AUTOGAIN

Onucanuve: KoHTpO/ ycTaHaB/IMBaeT PEXKUM aBTOHACTPOWKM 3HAUEeHUSs! YCUIeHUSI.
Tumn: bool

[varna3oH BO3MOXKHbIX 3HaueHui: [0..1]

[Tar mMexxay 3HaueHusMU: 1

3HaueHue Mo ymoa4aHuto: 0

AnroputMm:

[Ipu BK/IFOUEHMM KOHTPOJIa YCTaHAB/IUBAETCSI PE)KMM aBTOMAaTHUUYeCKOU HaCTPOUKHU
yCUJIeHUs], IPY BBIK/IFOYEHUM — PEXUM PYUHOM HAaCTPOMKU ycuaeHus. B pexu-
Me aBTOMaThueCKOW HaCTPOWKH 3HaueHusi KoHTpona V4L2_CID_GAIN He MOXeT
ObITH U3MEHEHO, a TIPU er0 UTeHUH BbIJAaeTCs TeKylllee 3HaueHUsl yCUIeHUS.

5.2 V4L2_CID_GAIN

Onwucanue: KOHTpoJ1 N03BO/SIeT U3MEHATh YyBCTBUTEILHOCTb MaTpPULIbl CEHCOpa.
Tum: __s32

[vamna3oH BO3MOXKHbIX 3HaueHu: [0..95]

[Tar mexxay 3HaueHusMU: 1

3HaueHyve o ymonmyanuto: 0

Asnroputm:

3HaueHus yCUIeHUs NlepeJjaroTCs B yC/IOBHBIX ejMHuLaX. [luarna3oH 3HaUeHU KOH-
TpOJIa COOTBETCTBYET Jjuara3oHy peaabHOro ycunenus [1..62]. @opmysna nepeBoza
YCJIOBHOTO YCUJIEHUS B pealbHOe yCUIeHHe:

gain = 204161 s (value mod 16)/16 + 1),

rje value — TeKkylllee 3HaueHHe KOHTPOJIA, gain — peasibHbIi KO3(PPUIUEHT yCU-
JIeHUsI.

3HaueHWe KOHTPOJIAa He MOXET ObITh M3MEHEHO, eC/Id BK/IIOUEH PEXKUM aBTOHa-
ctpoviku ycunenus (koHtpon V4L2_CID_AUTOGAIN BkitoueH). Ilpu ureHuu
KOHTpoJ/ia Oy/ieT BbIlaHO TeKyllee 3HaueHUe yCUIeHusI.
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Tab6ymuna 5.1. CooTBeTcTBHE 3HAUYEHUH KOHTPOJIA
V4L2_CID_GAIN peasbHOMY YCU/IEHUIO

value | gain | value | gain value | gain value | gain

0 1 1 1.0625 2 1.125 3 1.1875
4 1.25 5 1.3125 6 1.375 7 1.4375
8 1.5 9 1.5625 10 1.375 11 1.6875
12 1.75 13 1.8125 14 1.875 15 1.9375
16 2 17 1.125 18 2.25 19 2.375
20 2.5 21 2.625 22 2.75 23 2.875
24 3 25 3.125 26 3.25 27 3.375
28 3.5 29 3.625 30 3.75 31 3.875
32 4 33 4.25 34 4.5 35 4.75
36 5 37 5.25 38 5.5 39 5.75
40 6 41 6.25 42 6.5 43 6.75
44 7 45 7.25 46 7.5 47 7.75
48 8 49 8.5 50 9 51 9.5

52 10 53 10.5 54 11 55 11.5
56 12 57 12.5 58 13 59 13.5
60 14 61 14.5 62 15 63 15.5
64 16 65 17 66 18 67 19

68 20 69 21 70 22 71 23

72 24 73 25 74 26 75 27

76 28 77 29 78 30 79 31

80 32 81 34 82 36 83 38

84 40 85 42 86 44 87 46

88 48 89 50 90 52 91 54

92 56 93 58 94 60 95 62

5.3 V4L2_CID_EXPOSURE_AUTO

Onucanuve: KOHTpO/ yCcTaHaB/IMBaeT PEXKUM aBTOHACTPOMKM 3HAUEHUS BbIJ[@PXKKH.
Tun: enum

varna3oH BO3MOXKHBIX 3HaueHui: [0..1]

[Tar mMexxay 3HaueHUsIMU: 1

3HaueHue Mo ymoa4aHuio: 0

Anroputm:

YcTaHoBKa KOHTpOJIa B V4L2_EXPOSURE_AUTO(0) BKJIFOUYa-
eT peXuM aBTOMaTMUeCKOM HAaCTPOWKM  3KCIIO3ULMM, YCTaHOBKA B
V4L2_EXPOSURE_MANUAL(1) — pexuM py4yHOM HacTpPOMKH 3KC-
nosuLuu. B pexxume aBTOMaTMUeCKOM HACTPOWKM 3HA4yeHUs KOHTPOJIOB
V4L2_CID_EXPOSURE w V4L2 _CID_EXPOSURE_ABSOLUTE He MoOryT
OBITH U3MEeHEeHbI, a TIPH UX YTeHUH BBIAIOTCS TeKYIL[He 3HaueHHs! BbIIePKKH.

5.4 V4L2_CID_EXPOSURE

Onwucanue: KoHTpos1 M03BOJIsIET U3MEHATh 3HaUeHHe BbIIeP>KKU CeHCOopa.
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Tum: _ s32

[uana3oH Bo3MOXHbIX 3HaueHui: [1..17600]
[ar mexxay 3HaueHusMU: 1

3HaueHue No ymouanuo: 17280
AJIropuTM™:

3HaueHUWe BBIZIEPKKHA CeHCopa 3a/aeTcsl B e[uHMLIAX, paBHbIX 1/16 CTpOKH.
MuHuManbHOe 3HaueHre KOHTpOJa COOTBeTCTByeT 1/16 CTpoku. 3HaueHue 1Mo
YMOJIYaHUIKO COOTBETCTBYeT KOJMYeCTBY CTPOK B KaJpe MaKCUMa/IbHOrO pas-
Mepa, noajaep>xuBaemMoro ceHcopoMm (1080). MakcruMasibHOe 3HaueHHe COOTBeT-
CTBYyeT MaKCHMMa/lbHO BO3MO)XHOMY 3HAuU€HHIO, MpEeBbILIAOLeMy pa3Mep Kaj-
pa, TIpU KOTOpOM H300pakeHWe CTabuabHO. 3HaueHHWe KOHTPOIa He MOXKET
ObITb W3MEHEHO, €C/IM BK/IIOUEH PEXXUM aBTOHACTPOMKHU BBIAEPXKKU (KOHTPOJI
V4L2_CID_EXPOSURE_AUTO ycraHosseH B 0). IIpu uTeHNMn KOHTpoJsia Oyzer
BbIJJaHO TeKYLLee 3HaYeHHUe Bbl/|ePXKKU.

5.5 V4L2_CID_EXPOSURE_ABSOLUTE

Onwucanue: KoHTpos1 N03BO/sIET U3MEHATh 3HaUeHYe BbIIeP>KKH CeHCOopa.
Tum: _ s32

[varna3oH BO3MOXKHBIX 3HaueHui: [1..332]

[Tar mMexxay 3HaueHusIMU: 1

3HaueHue 110 ymMo/4aHuto: 326

AnroputMm:

3HaueHWe BbIJIePXKKU CeHcopa 3ajaeTcs B efuHULax, paBHbIX 100 Mkc. Makcu-
MaJslbHOe 3HaueHHe M 3HaueHHe [10 YMO/TYaHHIO0 COOTBETCTBYeT 3HaUeHUsIM KOHTPO-
na V4L2_CID_EXPOSURE pjisi uzobpakenust B popmate 1920x1080@30fps. 3Ha-
YyeHHe KOHTDPOJIa He MOXKeT ObITh M3MEeHeHO, eC/TM BK/TFOUeH Pe>XKUM aBTOHACTPONKHU
BbiZiepKKU (KoHTpos1 V4L2_CID_EXPOSURE_AUTO ycraHoBneH B 0). ITpu ure-
HUM KOHTPOJIa OyZIeT BbIZIAHO TeKYIljee 3HaueHue BhIIePKKH.

5.6 V4L2_CID_HFLIP

Omnmcanvie: KOHTpOJT TO3BO/ISIET BBITIOJMHUTD 3epKajibHOe 0TOOpaXkeHHe TI0 TOPU30HTAH.
Tur: bool

[uana3oH BO3MOXHbIX 3HaueHui: [0..1]

[Iar mexxay 3HaueHusIMU: 1

3HaueHHUe Mo yMoa4aHuto: 0

AJITOpPUTM:
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[Tpu BK/TFOUEHUY KOHTPOJIa 300pakeHHe 0TOOpa)kaeTcsi 3epKalbHO OTHOCUTETBHO
BEepPTHKAJILHOM OCH (110 TOPU30HTA/IN).

5.7 V4L2_CID_VFLIP

Omnucanvie: KOHTpOJT TO3BOJISIET BHITIOTHUTD 3epKaibHOe 0TOOpa)keHHe 110 BePTHUKAJTH.
Tur: bool

[uana3oH BO3MOXHbIX 3HaueHui: [0..1]

[Tar mexxay 3HaueHUsIMU: 1

3HaueHHUe Mo yMoa4aHuto: 0

AJiroputM™:

ITpu BK/TIOUEHNH KOHTpOJIa U300pa’keHre 0TOOpakaeTcsi 3epKalbHO OTHOCUTE/THHO
TOPU30HTAa/IbHOM OCH (10 BepTUKAIIH).
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6. IIPMW/IOXXEHUE b. KOHTPO/Ibl, PEAJIN30BAHHDbIE
JTPAIBEPE CEHCOPA 0OV7725

6.1 V4L2_CID_AUTOGAIN

Onucanuve: KoHTpO/ ycTaHaB/IMBaeT PEXKUM aBTOHACTPOWKM 3HAUEeHUSs! YCUIeHUSI.
Tumn: bool

[varna3oH BO3MOXKHbIX 3HaueHui: [0..1]

[Tar mMexxay 3HaueHusMU: 1

3HaueHue Mo ymoa4aHuto: 0

AnroputMm:

[Ipu BK/IFOUEHMM KOHTPOJIa YCTaHAB/IUBAETCSI PE)KMM aBTOMAaTHUUYeCKOU HaCTPOUKHU
yCUJIeHUs], IPY BBIK/IFOYEHUM — PEXUM PYUHOM HAaCTPOMKU ycuaeHus. B pexu-
Me aBTOMaThueCKOW HaCTPOWKH 3HaueHusi KoHTpona V4L2_CID_GAIN He MOXeT
ObITH U3MEHEHO, a TIPU er0 UTeHUH BbIJAaeTCs TeKylllee 3HaueHUsl yCUIeHUS.

6.2 V4L2_CID_GAIN

Onwucanue: KOHTpoJ1 N03BO/SIeT U3MEHATh YyBCTBUTEILHOCTb MaTpPULIbl CEHCOpa.
Tum: __s32

[varna3oH BO3MOXKHbIX 3HaueHui: [0..79]

[Tar mexxay 3HaueHusMU: 1

3HaueHyve o ymonmyanuto: 0

Asnroputm:

3HaueHus yCUIeHUs NlepeJjaroTCs B yC/IOBHBIX ejMHuLaX. [luarna3oH 3HaUeHU KOH-
TpOJIa COOTBETCTBYET Jjara3oHy peaabHoro ycuienus [1..31]. @opmysna nepeBoza
YCJIOBHOTO YCUJIEHUS B pealbHOe yCUIeHHe:

gain = 204161 s (value mod 16)/16 + 1),

rje value — TeKkylllee 3HaueHHe KOHTPOJIA, gain — peasibHbIi KO3(PPUIUEHT yCU-
NeHust

3HaueHWe KOHTPOJIAa He MOXET ObITh M3MEHEHO, eC/Id BK/IIOUEH PEXKUM aBTOHa-
ctpoviku ycunenus (koHtpon V4L2_CID_AUTOGAIN BkitoueH). Ilpu ureHuu
KOHTpoJ/ia Oy/ieT BbIlaHO TeKyllee 3HaueHUe yCUIeHusI.
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Taonuna 6.1. CoorBercrBue 3nauenuii V4L2_CID_GAIN
peasibHOMY YCH/IEHHIO gain

value | gain | value | gain value | gain value | gain

0 1 1 1.0625 2 1.125 3 1.1875
4 1.25 5 1.3125 6 1.375 7 1.4375
8 1.5 9 1.5625 10 1.375 11 1.6875
12 1.75 13 1.8125 14 1.875 15 1.9375
16 2 17 1.125 18 2.25 19 2.375
20 2.5 21 2.625 22 2.75 23 2.875
24 3 25 3.125 26 3.25 27 3.375
28 3.5 29 3.625 30 3.75 31 3.875
32 4 33 4.25 34 4.5 35 4.75
36 5 37 5.25 38 5.5 39 5.75
40 6 41 6.25 42 6.5 43 6.75
44 7 45 7.25 46 7.5 47 7.75
48 8 49 8.5 50 9 51 9.5

52 10 53 10.5 54 11 55 11.5
56 12 57 12.5 58 13 59 13.5
60 14 61 14.5 62 15 63 15.5
64 16 65 17 66 18 67 19

68 20 69 21 70 22 71 23

72 24 73 25 74 26 75 27

76 28 77 29 78 30 79 31

6.3 V4L2_CID_EXPOSURE_AUTO

Onwucanue: KoHTpos ycTaHaBIMBaeT Pe)KMM aBTOHACTPOMKY 3Hau€HUs! BbIJ|€PIKKHU.
Tur: enum

[uana3oH BO3MOXHbIX 3HaueHUi: [0..1]

[Tar mexxay 3HaueHusIMU: 1

3HaueHue 1o ymoa4yaHuto: 0

AnroputMm:

YcraHoBKa KOHTpOJIa B V4L2_EXPOSURE_AUTO(0) BKJItOUa-
€T peXuM aBTOMaTMUeCKOM HAaCTPOWKM  3KCIO3ULMM, YCTaHOBKA B
V4L2_EXPOSURE_MANUAL(1) — pexuM py4yHOM HacCTpPOMKH 3KC-
nosuLyyd. B pexxume aBTOMaTMuUeCKOM HACTPOWKM 3HayeHHsl KOHTPOJIOB
V4L2_CID_EXPOSURE w V4L2 CID_EXPOSURE_ABSOLUTE He MoOryT
OBITH U3MEHEeHbI, @ UX TP YTeHUH BBIAIOTCS TeKyIL[He 3HaueHHs! BbIIePKKH.

6.4 V4L2_CID_EXPOSURE

Ornrcanuve: KoHTpo/1 MO3BO/ISIET U3MEHSITh 3HaUeHWE BbIZEP)KKHA CEeHCopa.
Tum: _ s32

[uana3oH BO3MOXKHBIX 3HaueHUi: [1..510]
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Tar mexxay 3HaueHUsIMU: 1
3HaueHue 1o ymosayanuro: 480
Asroputm:

3HaueHUe BbIJIEP)KKM CeHCOopa 3a/laeTcsl B eIMHUIIAX, paBHbIX 1 cTpoke. MUHU-
MabHOe 3HaueHHe KOHTpOJIa COOTBeTCTBYeT 1 CTpoKe 3HaueHUe T0 YMOJTYaHHUIO
COOTBETCTBYeT KOJIMUeCTBY CTPOK B KaJpe MaKCMMa/bHOTO pa3Mepa, MojepKu-
BaeMmoro ceHCcopoM (480). MakcumanibHOe 3HaYeHre COOTBETCTBYeT MaKCUMa/bHO
BO3MOKHOMY 3HAueHHIO, TIPeBbIIIaloIeMy pa3Mep Kajpa, Mpu KOTOPOM H300pa-
>KeHWe CTabunbHO. 3HaueHWe KOHTPOJIa He MOXKeT OBbITh U3MeHEHO, eC/Ti BKJIHO-
YyeH pe)KUM aBTOHACTPOUMKHU BbiZiepKKU (koHTpon V4L2_CID_EXPOSURE_AUTO
ycraHossieH B 0). TIpu ureHrM KOHTpO/a OyZeT BbIIaHO TeKylljee 3HAUEHHE BbI-
JIePKKHU.

6.5 V4L2_CID_EXPOSURE_ABSOLUTE

Onucanve: KoHTpO/ N03BOJIsSIeT U3MEHSTh 3HaueHHe BblJIePyKKU CeHCopa.
Tum:  s32

[varna3oH BO3MOXKHbIX 3HaueHuu: [1..166]

ITar mexxny 3HaueHUsIMU: 1

3HaueHue 110 yMO/I4aHuto: 156

AsropuTm:

3HaueHUe BbIJIEP)KKM CEeHCOopa 3a/laeTcs B eMHULIAX, paBHbIXx 100 MKc. Makcu-
MaJ/IbHOEe 3HaueHyve U 3HaueHue 110 YMOJTYaHUIO0 COOTBETCTBYeT 3HaYeHUsIM KOHTPO-
na V4L2_CID_EXPOSURE pnst u3obpaxxenusi B popmare 640x480@60fps. 3Haue-
HHUe KOHTpPOJIa He MOKeT ObITh U3MeHEeHO, eC/TM BK/IFOUEH PEKUM aBTOHACTPOWKHU
Bbigepkku (koHTpon V4L2_CID_EXPOSURE_AUTO ycraHosneH B 0). I1pu ure-
HUUW KOHTpPO/Ia OyZeT BbIZIaHO TeKyllee 3HaueHe BhIEePXKKH.

6.6 V4L2_CID_POWER_LINE_FREQUENCY

Onucanue: KoHTpos 03BOJIsIeT yKa3aTh YaCTOTY MepLiaHUsl OCBeLLieHHs /17151 11o/jaByieHust (pau-
Kepa B pe)XrMe aBTOHAaCTPOMKY 3HaUeHUs BbIIePXKKHU.

Tun: enum

varna3oH BO3MOXKHbIX 3HaueHui: [0..2]
[Tar mexxay 3HaueHusAMU: 1

3HaueHue 10 yMo/I4aHuio: 1
AnroputMm:

B 3aBuCHMMOCTH OT 3HaUeHHsI KOHTPOJ/Id YCTAHAB/IMBAETCA LIar, C KOTOPbIM MOXXET
HU3MEHATLCA 3HAUeHKe BBIAEP>KXKU B peXXUMe aBTOHaCTpOﬁKPI BBIJEP>XKH, U MaKCU-
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MaJIbHOe KO/JIMUecCTBO 1maroB. Ilar ornpege/sieTCd Kak KOJIM4eCTBO CTPOK Ka/ipa:

rh

2f

r7ie S — IIar U3MEeHEeHHUs BbIIEP)KKH, I' — UacTOTa KajipoB, h — KO/IMUeCTBO CTPOK
B Kajipe, { — 4YacToTa MepliaHUsl OCBEILeHHS.

S =

MakcruMaibHO€e KOJIMUeCTBO I11aroB OTpe/iesisieTCsl B 3aBUCUMOCTH OT YaCTOThI Ka/l-
pa:

2f

Smaz =
T

I7I€ 542 — MaKCUMa/IbHOE KOJIMYeCTBO LIAroB, [ — 4acToTa MepLaHus OCBellle-
HUSI, I' — 4acToTa Ka/poB,
HOA,E[EP)KHBHI’OTCH dieyroiie 3Ha4eHns KOHTPOJId:

* V4L2_CID_POWER_LINE_FREQUENCY_DISABLED(0)

[Tar usmeHenus BBIZIEP>KKHW HE 3aBHCHUT OT UdCTOTEI MePLIdHKA OCBEILeHNA;
* V4L2_CID_POWER_LINE_FREQUENCY_50HZ(1)

[ITar u3MeHeHHs1 BbIZIEP)KKU OIpeie/isieTCsl UCXO/sl M3 YaCTOThl MepLiaHHs
ocgeteHusi, papHoi 50 I'ty (EBpoma);

* V4L2_CID_POWER_LINE_FREQUENCY_60HZ(2)

[ITar u3MeHeHHs1 BbIZIEP)KKU OIpefe/sieTCss UCXOs M3 4aCTOThl MepLiaHus
ocBeieHusi, papHou 60 I'g (CLIA).

6.7 V4L2_CID_HFLIP

Ommcanue: KOHTPOJT TT03BOJISIET BBITIOTHUTE 3epKalbHOe 0TOOpa’keHHe TI0 TOPU30HTAJIH.
Tur: bool

[varna3oH BO3MOXKHbIX 3HaueHuu: [0..1]

[Tar mexxay 3HaueHUsIMU: 1

3HaueHue 110 ymoa4yanuro: 0

Asroputm:

[Tpu BK/TFOUEHUM KOHTPOJIa 300pakeHHe 0TOOpa)kaeTcsi 3epKalbHO OTHOCUTETbHO
BepPTHKAJIbHOM 0CH (110 TOPU30HTAJIN).

6.8 V4L2_CID_VFLIP

Omnucanvie: KOHTpOJT IO3BOJISIET BHITIOTHUTD 3epKajibHOe 0TOOpa)keHue 110 BePTHUKAJIH.
Tur: bool

varna3oH BO3MOXKHBIX 3HaueHui: [0..1]
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01.11.2019 633('3"(

[lar mexay 3HaueHUsAMHU: 1
3HaueHue 110 ymoa4yanuto: 0
Asroputm:

[Tpu BK/TFOUEHUM KOHTPOJIa 300pakeHHe 0TOOpa)kaeTcsi 3epKalbHO OTHOCUTETbHO
TOPU30HTAILHOM OCH (TI0 BePTUKA/IK).

ITpumeuanue: [Ipy BBITIONIHEHUH OTOOpa’KeHHUsI 10 BEPTHKAIM CEHCOPOM 0V7725 MeHsieTcs
Macka baiiepa.
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7. IIPUIOXEHUE B. KOHTPOJIbI, PEA/IN3OBAHHbBIE B

JTPAIBEPE CEHCOPA OV5647

7.1 V4L2_CID_AUTOGAIN

Onucanuve: KoHTpO/ ycTaHaB/IMBaeT PEXKUM aBTOHACTPOWKM 3HAUEeHUSs! YCUIeHUSI.
Tumn: bool

[varna3oH BO3MOXKHbIX 3HaueHui: [0..1]

[Tar mMexxay 3HaueHusMU: 1

3HaueHue Mo ymoa4aHuto: 0

AnroputMm:

[Ipu BK/IFOUEHMM KOHTPOJIa YCTaHAB/IUBAETCSI PE)KMM aBTOMAaTHUUYeCKOU HaCTPOUKHU
yCUJIeHUs], IPY BBIK/IFOYEHUM — PEXUM PYUHOM HAaCTPOMKU ycuaeHus. B pexu-
Me aBTOMaThueCKOW HaCTPOWKH 3HaueHusi KoHTpona V4L2_CID_GAIN He MOXeT
ObITH U3MEHEHO, a TIPU er0 UTeHUH BbIJAaeTCs TeKylllee 3HaueHUsl yCUIeHUS.

7.2 V4L2_CID_GAIN

Onwucanue: KOHTpoJ1 N03BO/SIeT U3MEHATh YyBCTBUTEILHOCTb MaTpPULIbl CEHCOpa.
Tum: __s32

[varna3oH BO3MOXKHBIX 3HaueHul: [1..256]

[Tar mexxay 3HaueHusMU: 1

3HaueHue 110 yMoI4aHuto: 32

Asnroputm:

3HaueHus yCUIeHUs NlepeJjaroTCs B yC/IOBHBIX ejMHuLaX. [luarna3oH 3HaUeHU KOH-
TpOJIa COOTBETCTBYET JMara3oHy peasbHoro ycusaeHus [1..256]. @opmyna nepeBo-
Jla YCIIOBHOI'O YCU/IeHUS B peajibHOe yCU/IeHue:

gain = value,

rje value — TeKkylllee 3HaueHHe KOHTPOJIA, gain — peasibHbIi KO3(PPUIUEHT yCU-
JIeHUsI.

3HaueHWe KOHTPOJIAa He MOXET ObITh M3MEHEHO, eC/Id BK/IIOUEH PEXKHUM aBTOHa-
ctpoviku ycunenusi (koHtpon V4L2_CID_AUTOGAIN BkitoueH). Ilpu urenun
KOHTpoJ/ia Oy/ieT BbIlaHO TeKyllee 3HaueHUe yCUIeHusI.
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7.3 V4L2_CID_EXPOSURE_AUTO

Onucanve: KoHTpO/ ycTaHaB/IMBaeT PEXKUM aBTOHACTPOMKM 3HAUEHUSI BbIJ[@PXKKH.
Turm: enum

Jvarna3oH BO3MOXKHbIX 3HaueHuu: [0..1]

ITar mexxny 3HaueHUsIMU: 1

3HaueHue 1o ymonyanuro: 0

AsropuTm:

YcraHoBKa KOHTpOJIa B V4L2_EXPOSURE_AUTO(0) BKJIHOUa-
eT peXUM aBTOMAaTMUeCKOM HACTPOMKM  9SKCHO3ULMM, YCTaHOBKA B
V4L2_EXPOSURE_MANUAL(1) — peXuM pyuyHOM HACTPOUKH 3SKC-
nosuuuu. B pexume aBTOMaTMUeCKOM HACTPOMKM 3HAY€HWs] KOHTPOJIOB
V4L2_CID_EXPOSURE w VA4L2 CID_EXPOSURE_ABSOLUTE He MoryT
ObITb M3MeHEeHbI, a IPU WX UYTeHUH BbIIAIOTCS TeKyIlre 3HaUeHHUs BbIZIePIKKH.

7.4 VA4L2_CID_EXPOSURE

Onwucanue: KOHTpPoJI N03BO/IsIeT U3MEHATh 3HaYeHYe BbIIeP)KKHU CEHCOopa.
Tum: __s32

[varna3oH BO3MOXKHbIX 3HaueHui: [1..17600]

[lar mexay 3HaueHUsAMHU: 1

3HaueHue 1o ymosayanuro: 17280

Asroputm:

3HaueHre BbIZEPKKU CeHCOopa 3aJjaeTcs B eJMHULIaX, paBHbIX 1/16 cTpoku. MuHu-
MaJIbHOe 3HaueHWe KOHTpOJsia COOTBeTCTBYeT 1/16 cTpoku. 3HaueHue 1o ymosiya-
HUIO COOTBETCTBYeT KOJIMUeCTBY CTPOK B KaZpe pa3mepa 1920x1080, noaseprkvBa-
eMOoro JipaliBepoM ceHcopa. MakcumasbHOe 3HaueHHe COOTBETCTBYET MaKCHMallb-
HO BO3MOYKHOMY 3HaueHHIO, MpeBbIIIaloIeMy pa3Mep KaZipa, Ipyu KOTOPOM H300-
pakeHue cTabWIbHO. 3HaueHHe KOHTPOJIa He MOXKET ObITh 3MeHeHO, eC/Ii BKJIO-
YyeH pe>XUM aBTOHACTPOMKU BbiJiepKKU (KouTpon V4L2_CID_EXPOSURE_AUTO
ycraHossieH B 0). [Ipu ureHny KoHTposa OyzieT BbIJaHO TeKylljee 3HaueHHe BbI-
JePXKKHU.

7.5 V4L2_CID_EXPOSURE_ABSOLUTE

Ornucanue: KoHTpos MO3BO/ISIET U3MEHSITh 3HaUeHWe BbIZIEP)KKHA CEeHCopa.
Tum: _s32
[varna3oH BO3MOXKHBIX 3HaueHuu: [1..332]

ITar mexxny 3HaueHUsIMU: 1
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3HayeHue Mo ymMoJanuio: 326

AjropuTm:

3HaueHue BbIJEP)KKM CeHCopa 3ajaeTcs B eauHuLax, paBHbix 100 Mkc. Mak-
CMMa/IbHOEe 3HaueHWe M 3HauyeHue [0 YMOJIYaHUK0 COOTBETCTBYeT 3Haue-
HussM KoHTpona V4L2_CID_EXPOSURE. 3HaueHWe KOHTpPO/Ja He MOXeT
ObITb W3MEHEeHO, eC/IM BK/IIOUeH PEeXXUM aBTOHACTPOWKH BBIAEDPXKKU (KOHTPOJI
V4L2_CID_EXPOSURE_AUTO ycraHoBneH B 0). IIpu uteHny KoHTposia OyzmeT
BbIJJaHO TeKylllee 3HaueHUe BbIZEePKKH.
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8. INPWIOXEHUE . KOHTPOJ/Ibl, PEA/IN30BAHHBbBIE
JTPAVIBEPE CEHCOPA 0V2643

8.1 V4L2_CID_AUTOGAIN

Onucanuve: KoHTpO/ ycTaHaB/IMBaeT PEXKUM aBTOHACTPOWKM 3HAUEeHUSs! YCUIeHUSI.
Tumn: bool

[varna3oH BO3MOXKHbIX 3HaueHui: [0..1]

[Tar mMexxay 3HaueHusMU: 1

3HaueHue Mo ymoa4aHuto: 0

AnroputMm:

[Ipu BK/IFOUEHMM KOHTPOJIa YCTaHAB/IUBAETCSI PE)KMM aBTOMAaTHUUYeCKOU HaCTPOUKHU
yCUJIeHUs], IPY BBIK/IFOYEHUM — PEXUM PYUHOM HAaCTPOMKU ycuaeHus. B pexu-
Me aBTOMaThueCKOW HaCTPOWKH 3HaueHusi KoHTpona V4L2_CID_GAIN He MOXeT
ObITH U3MEHEHO, a TIPU er0 UTeHUH BbIJAaeTCs TeKylllee 3HaueHUsl yCUIeHUS.

8.2 V4L2_CID_GAIN

Onwucanue: KOHTpoJ1 N03BO/SIeT U3MEHATh YyBCTBUTEILHOCTb MaTpPULIbl CEHCOpa.
Tum: __s32

[varna3oH BO3MOXKHbIX 3HaueHul: [1..16]

[Tar mexxay 3HaueHusMU: 1

3HaueHue 110 yMo/I4aHuio: 1

Asnroputm:

3HaueHus yCUIeHUs NlepeJjaroTCs B yC/IOBHBIX ejMHuLaX. [luarna3oH 3HaUeHU KOH-
TpOJIa COOTBETCTBYET Jjuara3oHy peaabHOro ycuienus [1..16]. @opmysna nepeBoza
YCJIOBHOTO YCUJIEHUS B pealbHOe yCUIeHHe:

gain = value,

rje value — TeKkylllee 3HaueHHe KOHTPOJIA, gain — peasibHbIi KO3(PPUIUEHT yCU-
JIeHUsI.

3HaueHWe KOHTPOJIAa He MOXET ObITh M3MEHEHO, eC/Id BK/IIOUEH PEXKHUM aBTOHa-
ctpoviku ycunenusi (koHtpon V4L2_CID_AUTOGAIN BkitoueH). Ilpu urenun
KOHTpoJ/ia Oy/ieT BbIlaHO TeKyllee 3HaueHUe yCUIeHusI.
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8.3 V4L2_CID_EXPOSURE_AUTO

Onucanve: KoHTpO/ ycTaHaB/IMBaeT PEXKUM aBTOHACTPOMKM 3HAUEHUSI BbIJ[@PXKKH.
Tum: enum

Jvarna3oH BO3MOXKHbIX 3HaueHuu: [0..1]

ITar mexxny 3HaueHUsIMU: 1

3HaueHue 1o ymonyanuro: 0

AsropuTm:

YcraHoBKa KOHTpOJIa B V4L2_EXPOSURE_AUTO(0) BKJIHOUa-
eT peXUM aBTOMAaTMUeCKOM HACTPOMKM  9SKCHO3ULMM, YCTaHOBKA B
V4L2_EXPOSURE_MANUAL(1) — peXuM pyuyHOM HACTPOUKH 3SKC-
nosuuuu. B pexume aBTOMaTMUeCKOM HACTPOMKM 3HAY€HWs] KOHTPOJIOB
V4L2_CID_EXPOSURE w VA4L2 CID_EXPOSURE_ABSOLUTE He MoryT
ObITb M3MeHEeHbI, a IPU WX UYTeHUH BbIIAIOTCS TeKyIlre 3HaUeHHUs BbIZIePIKKH.

8.4 V4L2_CID_EXPOSURE

Onwucanue: KOHTpPoJI N03BO/IsIeT U3MEHATh 3HaYeHYe BbIIeP)KKHU CEHCOopa.
Tum: __s32

[viana3oH BO3MOXKHBIX 3HaueHuu: [1..1227]

[lar mexay 3HaueHUsAMHU: 1

3HaueHue 110 ymo/4aHuro: 128

Asroputm:

3HaueHure BbIJIePXKKU CeHCoPa 3a/1aeTCsl B eIMHULIAX, PaBHBIX 1 CTpoke. MUHUMAIIb-
HOe 3HaueHHe KOHTPOJIa COOTBETCTBYeT 1 CTpOKe. 3HaueHHe 10 yMOTYaHUIO M03-
BOJISIET TIOJTYYMTh KOPPEKTHOE U300pa’keHue MpU JJHEBHOM CBeTe. MaKCcuMasibHOe
3HaueHue COOTBeTCTBYeT MaKCHMa/IbHO BO3MOXXKHOMY 3HAaYeHWIO, IpeBblllatolLle-
My pa3mep Kazpa (1600x1200), mpu koTopom H306pa’keHre CTabM/IbHO. 3HaueHre
KOHTpOJIa He MOXKET ObITh M3MeHeHO, eC/T BK/IFOUeH Pe)KUM aBTOHACTPOWKH Bbi-
nepxxku (koutpon V4L2_CID_EXPOSURE_AUTO ycraHossneH B 0). [Ipu uteHun
KOHTpOJIa OyZIeT BbIZIaHO TeKYyIljee 3HaueHe BhIIePKKH.

8.5 V4L2_CID_EXPOSURE_ABSOLUTE

Omnmcanue: KoHTpoJI IO3BO/ISIET U3MEHSTh 3HaUeHHe BhIeP>KKH CEeHCOopa.
Tum: _ s32

[wvamna3oH BO3MOXKHbBIX 3HaueHUi: [1..665]

[MIar mexxay 3HaueHUsIMu: 1

3HayeHue Mo ymMo4aHuio: 69
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Anroputm:

3HaueHUe BbIIep)KKM CeHcopa 3ajaeTcs B eauHuLax, paBHbiXx 100 mMkc. Mak-
CMMa/IbHOe 3HaueHWe U 3HaueHue [0 YMOJIYaHWK0 COOTBETCTBYeT 3Haue-
HusM  KoHTposa V4L2 CID_EXPOSURE. 3HaueHWe KOHTpOJa He MOXeT
ObITb M3MEHeHO, eC/M BK/IIOUeH PEeXXHWM aBTOHACTPOMKH BbIAEDP)KKU (KOHTPOJI
V4L2_CID_EXPOSURE_AUTO ycraHosseH B 0). IIpu uTeHnn KOHTpoJsa Oyzer
BbI/JaHO TeKYlllee 3HaUeHUe BbIZePKKHU.

8.6 V4L2_CID_HFLIP

Omnmcanve: KoHTpOJI TIO3BO/ISIET BBITIOJHUTD 3epKajibHOe 0TOOpa)keHHe TI0 TOPU30HTAJH.
Tur: bool

[uana3oH BO3MOXHbIX 3HaueHui: [0..1]

[Iar mexxay 3HaueHusIMU: 1

3HaueHUe Mo yMoa4aHuto: 0

AITOpPUTM:

ITpu BK/TIOUEHUM KOHTPOJIa M300pakeHHe 0TOOpa)kaeTCst 3ePKajlbHO OTHOCHUTETBHO
BepPTUKA/IbHOM 0CU (110 TOPHU30HTAJIN).

8.7 VA4L2_CID_VFLIP

Ommcanue: KOHTPOJT TIO3BOJISIET BBITIONIHUTE 3epKalbHOe 0TOOpaXkeHHe TI0 BePTHKAJIH.
Tur: bool

[varna3oH BO3MOXKHbIX 3HaueHui: [0..1]

[Tar mexxay 3HaueHusAMU: 1

3HaueHue No ymoa4aHuto: 0

Asroputm:

ITpu BK/IIOUEHUHY KOHTPOJIa M300pakeHre 0ToOpa)kaeTcst 3ePKaIbHO OTHOCHUTETHHO
TOPU30HTA/IbHOM OCH (I10 BePTUKAJIN).
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