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BeBepeHue

Mopnepxka nnat FDxxx B Linux ocywectengeTcs ¢ nomowbio open-source apavisepa forward.

Lpansep nogaepXxuBaeTt cnegytowme TUMbl NaaT:

FD722 - 2 Bxoaa, 2 Bbixoaa 3G-SDI

FD722M2 - 1 Bxoaa, 1 Bbixoa, 1 HacTpamMBaembiii BXxoa/Bbixon 3G-SDI

FD722BP - 2 Bxoga, 2 Bbixoaa 3G-SDI ¢ annapaTHbIM NponyckaHWeM CurHana

FD788 - 8 HacTpanBaeMbix BX0L0B/BbIx0A0B 3G-SDI

FD922 - 2 Bxopa, 2 Bbixoga 12G-SDI

FD722 - 2 Bxoga HDMI 2.0

FD940 - 4 Bxona HDMI 2.0

FD2110 - 2 HacTpanBaeMbIx BXxoaoB/BbixoaoB 12G-SDI, 2 untepdeica 25G-Ethernet

[pariBep COCTOUT U3 CIeAYIOWLMUX KOMMOHEHT:

Mogynb aapa forward - obecneunBaeT 6a30BbIN QYHKLMOHAN NAT - HACTPOMKY BXOLOB-BbIXOA0B,
MPOLUMBKY U T.4.

Moaynb aapa forward-v412 - obecneumBaet nepepavy Buaeo yepes APl Video4Linux2 - moxer
ncnonb3oBatbes Kak M0 komnanuu SoftLab-NSK, Tak u ctoporHum M0 (ffmpeg, gstreamer, OBS v 1.4.).
Moaynb aapa forward-alsa - obecneumBaet nepenavy ayamo vepes APl ALSA - moxeT
Mcnonb3oBaTbecst cTopoHHMM [0 B KauecTBe 3BYKOBOM KapThbl (pulseaudio, pipewire, gstreamer, OBS n
T.A4.).

Moaynb 9apa forward-ethernet - npepoctaBnser cucteMHbiv ethernet-agantep oAns nnatol
FD2110

Mpunoxenne forward-flash - ang obHoBneHus npowunsku (firmware) ycTponcTs

Mopaynu sapa cobnparTcs U3 UCXOLHMKOB MPU YCTaHOBKE € NoMolLLbio cucteMbl DKMS, 31a cuctema nossonser
aBTOMaTMyeckn cobupatb ApanBep nopg Bce gapa Linux, KoTopble yCTaHOBMIEHbI B CUCTEME, A TaKXKe
aBTOMaTU4eCcku nepecobupaet gparisep npyu 06HOBIEHUM gapa.

MuHuManbHble TpeboBaHUA K OMepaLMOHHON CUCTEME

Apxutektypa amdé64 (x86_64):
linux 5.4

glibc 2.28

dkms 2.8



YcTaHoBKa ApanBepa
[paviBep nocTaBnseTcs B TpEX BapuaHTax:

¢ [laketbl deb ang cuctem Ha ocHoBe debian (debian, ubuntu, mint, Actpa n 1.4.)
¢ [laketol rpm (CentOS, RHEL, Anbt, PegOC n 1.4.)
e ApxuB tar.bz2 pna pyyHoi yctaHoBku (“Tapbon”) - ong Bcex ocTanbHbIX cucTem Linux

YcraHoBka u3 deb (Ubuntu, debian, u 1.4.)

[na cuctem c apt ycTaHOBKa NPOM3BOAMTCS CnefyoLlein KOMaHa oM

sudo apt install -y ./forward-driver_<version>_all.deb ./forward-
utils_<version>_amd64.deb

[lns 06HOBNEHMS AOCTAaTOYHO YCTAHOBMTb HOBYH BEPCUIO MAKETA - CTapbli ApaniBep yAaAUTCS aBTOMATUYECKM

YcTaHoBKa u3 apxuBsa tar

[lng ycTaHOBKM U3 apxuBa ApanBep TpebyeTcs pacnakoBaTh B KOPHEBYH AMPEKTOPUIO, @ 3aTeM J06aBUTb
Apaneep B cuctemy dkms

sudo tar -C / -xhvf forward-driver-<version>.tar.bz2
sudo tar -C / -xhvf forward-utils-<version>.tar.bz2
sudo dkms install forward/<version>

YpaneHus nparisepa B TaKOM BapuaHTe He NpeayCcMOTPeHO, O4HAKO 3TO MOXHO CAenaTh BPYy4YHYyH, yopas
Apaneep u3 dkms n yaanus ampexkTopum:

sudo dkms remove forward/<version>
sudo rm -r /usr/src/forward-<version>
sudo rm -r /lib/firmware/forward

MpoBepka ycTaHOBKM

MNMocne ycTaHOBKM ApanBepa obbiM CNOCObOM B cMCTEME JOMKHA NOSBUTLCS AUMPEKTOPUS

/usr/src/forward-<version> c UCxoOHWKaMKM ApanBepa. Takxke A0MKHA KOPPEKTHO OoTpabaTbiBaThCA
komMaHga modprobe forward , akomaHga dkms status [omkHa NokasaTb HalM4Me YCTaHOBAEHHOMO
Apaneepa B cucteme. lNpumep BoiBoga dkms status :

forward/<version>, 6.17.9-archl-1, x86 _64: installed

O6HOBNEHME NPOLUNBKU

BmecTe c ppaneepoM B cuctemy (aupektopusi /lib/firmware/forward ) ycTtaHaBAMBAKOTCS aKTyasnbHble
BEPCMM NPOLIMBOK 4NN NAAT, KOTOpble rapaHTMPOBAHHO paboTaloT ¢ AaHHOM Bepcueit aparisepa. [oatomy, nocne
YCTaHOBKM ApaniBepOB PeKOMEHAYeTCs NPOBEPUTb BEPCUMU MPOLLUMBOK NAAT, U, BOSMOXHO, OOHOBUTb UX.

Ucknoyeruem sisngemcs nanama FD2110 - oHa npowiusaemcs QuHamu4ecku npu kaxdom cmapme dpatlisepd,
noamomy eli 06Ho8eHUE NPOUILUBKU He mpebyemcs

O6HoBNEHWE NPOLWMBKM AenaeTca ¢ nomMouwpto ytuanTel forward-flash u3 naketa forward-utils .



forward-flash

YTunuTa NnpoBepUT akTyaNbHOCTb NPOLUMBOK U NPEASIOKUT 0OHOBUTL MPOLIMBKHK, ecin TpebyeTcs. Mocne
O0GHOBNEHMS YTUNIUTA NPEAJSIOKUT Nepe3arpy3nTb NAaTy AN 3anycka HOBOM MPOLLMBKM.

Smom mMexaHu3m He pabomaem KOPPEKMHO HA 8CeX cUCMeMax, 0C06eHHO 8 C1y4de supmyanbHbIX MAWUH. Ecau
nocne 0bHogneHuUs naama He pabomaem, uau pabomaem HEKOPPEKMHO - mpebyemcsi X0n00HbIl nepe3anyck
KOMNbKOMepPa - mo eCmb NOJIHOE BbIK/IIOYEHUE U BKIIOYEHUE NUMAHUS.



Ucnonb3oBaHue apainsepa

MNocne yCcTaHOBKM U Nepe3arpy3ku unu BoinonHeHus modprobe forward B cucTeMe OOMKHO MOSBUTCS
yctpoiictBo /dev/forward/<nnaTa>-<HoMmep> , Hanpumep /dev/forward/fd722-70802 . 310
CEepBUCHOE YCTPOMCTBO, NpefHa3Ha4YeHHoe A1 HACTPOMKM 06WUX NapamMeTpoB Naatbl, 0OHOBAEHUS NPOLIMBKU U
T.0. Kpome Toro, B sysfs fomkHa NOSBUTLCS AUPEKTOPUS C NnapaMeTpaMu (aTpnbyTamun) nnatel, HEKOTOPbIE U3
KOTOPbIX MOXHO MEHATb.

ATpubythbl B sysfs

Haxopsitca B ampektopumn /sys/class/forward/<nnaTa>-<Homep>/ . C TOUKM 3pEHMS NOSb30OBATENS U

ApYrux Nporpamm 31u annbl SBASKOTCA OAHO-CTPOUHbLIMU TEKCTOBLIMU (Painamu, HO haKTUYECKH, 3TO

cneumanbHble NceBno-@annbl, Npy 06paLLleHnn K KOTOPbIM Bbi3bIBAOTCS 00CAYXUBAOLWME DYHKLUU BHYTPU

Lpavieepa. [1pu py4HOWM HACTPOIKe 3TM aTpUBYT MOXHO YMTaTb C MOMOLLbKD cat , a 3anMcbiBaTb C MOMOLLBIO
echo , Hanpumep:

cat /sys/class/forward/£d722-70802/temperature
BbIBELET TEKYLLYI TeMnepaTypy nnaTbl, a KOMaHAA
echo ---- > /sys/class/forward/£d722-70802/io_config

BbIK/IFOUYMT BCE BXOAA M BbIXOAA nnatbl (06 3TOM HMXe).

lMpumeyaHue: 3anucs ampubymos 8 sysfs Moxem npoucxooums moJibko 0m Cynepnosib3oseamens (root), u Hem
Xxopouwez2o cnocoba 0ame Npasa Ha sysfs 0bbIYHbIM N0/16308aMENSIM

M3 nonesHbix aTpubyToB B Sysfs MOXXHO OTMETUTL CefytoLLme:

e software_id (r) - normueckuii (CepuiiHbIi) HOMep niat

e hardware_id (r) - du3nyecknin (HemaMeHseMmblii) HoMep NaaThl

e temperature (r)- TeMnepartypa nnarbl

e mode (rw) - pexum paboTbl - 3TO CMMCOK NOA-APaliBEPOB KOTOPbIE Cernyac 06CNYyXMBAOT 3Ty Nnary,
006bI4HO 3T0 V412,alsa . [lonb3oBaTenb MOXET MEHATb 3TOT aTPUOYT, HaNnpuUMep, AN OTKIHOYEHUS
ALSA Ha nnare.

e available_modes (r) - pocTynHbi Habop NoA-ApalBepoB Ans Naathl

e version (r) - Bepcus nnathl U Bepcus NpOLWNBKM B HeW, B popMaTe <Bepcus MNnaTbi>r<Bepcus
NpoWwnBKIn>

e io_config (w) - pexxum paboTbl BXOOOB-BbIXOAOB. ATpUOYT COAEPXMT KON-BO CUMBOJIOB, paBHOE
KOJIM4eCTBY BXOA,0B-BbIXOA0B, KaXAbl CUMBOJT COOTBETCTBYET OAHOMY BXOAY-BbIXOAY U MOXET
MPUHMMATL TONbKO 3Havenns I (Bxom), O (BbIxod) MM - (BbIKIOYEHO)

BknroueHue-BbIKAOYEHUE U HanpasiaeHue MHTedeEﬁCOB

Y HekoTopbix (FD788, FD722M2, FD2110) nnat ecTb fBYyHanpaBneHHble MHTepdENChl - OHU MOTYT ObITb KAk
BXOJAMM TaK M BbIXOAAMU (HO He OAHOBpPEMeHHO). [1ng HacTpoviku HanpasneHus uHtepdeinca B sysfs cyliectesyer
atpmbyt io_config . OH npeactaenset cobor cTpoky, cocTosLyo us cumeonos I, O, - |, raoe Kaxapin
CUMMBOJN COOTBETCTBYET OHOMY U3 MHTepdencos (pasbeMy) nnatel. UHTepdericol nayT B nopsake nx hpusnyeckoro
pacnonoXeHUs Ha nnaTte: CBEPXY-BHU3 €C/IM KOPNYC B CTOMKE UK CMPaBO-HaNEeBO eC/iv KOPNyC KOMMNbTepa
BepTUKanbHbii. Hanpumep, y nnatel FD788 no-ymonuanuio ctpoka io_config wmeerBug ITTITTTIIT | Te.
Bce nHTpedevicol SDI - Bxopa, ay FD722 - TITO0O , T.e. uayT CHavyana ABa BXO4a NOTOM [Ba BbIXOAa.

NHTepdelicbl MOryT UMeTb Cneayolme COCTOSHMUS:



e T -Bxong

e 0 -BbIXoA

® - - BblKIOYEH - B 3TOM peXuMe MHTepPenc 3neKTpUYecKn OTKIKYEH, B CUCTEME YCTPOMCTBA He
NoSBAAOTCS.

HekoTopble nnatbl UMEKT PUKCUPOBAHHbIE BXOAA U PUKCMPOBAHHbIE BbIXOAA, B 3TOM C/ly4aeT uHTepdenc MoxeT
ObITb TONBLKO OTK/KOYEH. [lpyrue MoryT ObiTb NepeKoHUIypUpPOBaHbI:

e FD788 - 8 nHtepdencos SDI, nio6oi MoxeT 6biTb Kak BXOAOM, TaK U BbIXOA0M. [10-yMonyaHuio
ITTIITTIIT

e FD722M2 - 1 duKcMpoBaHbIi BXOA, 3aTeM 1 KOHDUIrypupyeMbii MHTepdeiic, 3ateM 1 BbIxoa,
CootBetctBeHHO, 1i0_config moxeT 6bite ITO nmnbo IO0O . Mo-ymonuanuwo ITO .

e FD2110 - 2 koHpurypupyembix nHTepdeiica SDI, 3aTem 16 BUPTyanbHbIX KaHaN0B-BXO40B NEPBOro
ethernet, notom 16 KaHanoB-BbIXO4OB NepBOro ethernet, 3ateM To e caMoe Ass BToporo ethernet.
WUtoro ctpoka io_config wumeet 66 cuMBONOB. [1o-yMonyaHuio, Bce MHTepdenchl BbikoYeHbl ( - )
kpoMe nepsbix AByx SDI, koTopble HacTpoeHbl Kak Bxoaa ( IT ).

[NepekoHdUrypmpoBaHue HTepdpencoB BO3MOXHO C NOMOLLbI KOMaHabl e€cho , Npy 3TOM Ha nnarte 4OMKHbI
ObITb OCTAHOB/EHbI MOTOKM Ha Tex MHTepdencax, KoTopble nepeHacTpamBatoTcsa. Hanpumep, Ang HaCTponku
nnatol FD788 B pexxnm 4 Bxoaa + 4 BbIX04a MOXHO BbIMOMHWUTL CIEAYIOLLYI0O KOMAHAY:

echo IITIO000 > /sys/class/forward/£fd788-80002/io_config

To xe camoe MOXHO AenaTtb U3 CBOMX NPUNOXKeHU Yyepes paboTy ¢ parnamu (Hanpumep open() , write()
ans a3bika Q).

COXpaHMEHMe anMGYTOB MeXAy nepe3arpyskamum

Cuctema ppanBepos B Linux aBngetcs stateless - ApaiBepa He MOMyT COXPaHSATb HUKAKOe COCTOSIHUE Mexay
nepesanyckamu. 3T0 03HAYaEeT, YTO NOC/e nepe3arpyskun BCe CAenaHHble HACTPOMKKM NnaTbl COpachbiBaOTCS B
nepBoHayvanbHble. HacTpoviku, caenaHHble B sysfs MOXHO COXpaHUTb B BUAe npasun udev. 3TW npasuna
MO3BONAIOT aBTOMATUYECKM 3aNMUCbIBaTb aTpMOYThl MpU NOSIBAEHUN MNaTbl B CUCTEME.

Hanpumep, nns Hactporku FD788 B pexxum 4 Bxopa + 4 BbIxo4a Npu CcTapTe, MOXHO C034aTb dain
/etc/udev/rules.d/90-£d788.rules co cneaylWmUM COLEPKUMBIM:

SUBSYSTEM=="forward", ATTR{software_id}=="80002", ATTR{io_config}:="IIITTO00"

[aHHoe npaBmno BykBanbHO rOBOPUT: "NpU NOsIBIEHMM YCTPOMCTBA Knacca forward, y kotoporo atpnbyr
software_id umeet 3HauyeHne 80002 3anucate B ero atpubyr io_config 3HayeHue [I110000". bonee nogpobHo 0

npasuaax udev

V4L2

Opaneep forward-v41l2 npenoctaBnseT 4OCTYN K BUAeO yepes ctaHaaptHoe APl Video4Linux2 (V4L2).
[anHoe API nopoepxuBaetcs MHOruMm ctopoHHuM [0, Hanpumep, OBS Studio, gstreamer, ffmpeg u 1.0. Ha
KaXkabli MHTepdenc nnatel co3paeTcs ycTporcteo /dev/videoX , rae X - nopsaaKkoBbii HOMEpP B CUCTEME.
Hanpumep, ecnu B koMnbtoTepe ctout ogHa FD788 6yayt co3panbl /dev/video® - /dev/video7 . [llpwu
[OBYX nnatax 6yayT co3gaHbl /dev/video®@ - /dev/video/ pans nepBoi nnatbl u

/dev/video8 - /dev/videol5 pans BTopoi. [Tpn 3TOM HyMepaums nnaT 3aBUCUT OT NOPSAKA UX
nosiIB/IeHMS B CUCTEME, YTO Yalle BCero COOTBETCTBYET ONpeaeneHHOMY NopsaKy pacrnoNoXeHUs nnaT B CnoTax -
T.e. He MEHSeTCs Npu nepe3arpy3ke CUCTEMBI.

HacTpoiika Buaeo NnpomMcxoauT Yyepes CTaHLapTHble YTUAUTBI M3 nakeTa v4Ll-utils - koHconbHyw v412-
ctl uGUI gv4l2.


https://wiki.archlinux.org/title/Udev

Hactpoiika ¢popmarta Buaeo

B API V4L2 dopmar ("pexumM”’, "Moaa") Buaeo 3a4aetcs ABYMS pa3HbIMU CYLLHOCTAMMU:

e TalMuHr (timing) - 3afaeT WUpPUHY, BbICOTY, 4acTOTy CUrHana Ha ¢usmuueckom uHtTepdeiice. Moxet
MEHSATbCS MNONIb30BaTENEM.

e (Dopmar (format) - 3agaeT UMeHHO popmaT 0bMeHa Mexay NpunoxeHueM u apaisepom. O popmare
[LOrOBapvBaOTCS NPUNIOXKEHME U fpaiBep.

[na paboTbl C TAWMUHIFAMM MOXHO MCMonb3oBaTh v412-ctl .

[NonyyeHne cnucka AOCTYNHbIX TAMMUHIOB:

v4l2-ctl -d /dev/videoX --list-dv-timings

[aHHasg koMaHaa BbiBeAeT NOAPOOHbIA CMUCOK AOCTYMHbIX ANS NAaThl TAMMUHIOB, KaXAbIA ONKUCaH, Hanpumep
ans 1080i50 TanMuHr BbIFNSAMT Cneayowmm obpasom:

Index:

Active width: 1920
Active height: 1080
Total width: 2640
Total height: 1125

Frame format: interlaced

Polarities: +vsync +hsync

Pixelclock: 74250000 Hz (50.00 fields per second)
Horizontal frontporch: 0

Horizontal sync: 720

Horizontal backporch: 0

Field 1:
Vertical
Vertical
Vertical
Field 2:
Vertical
Vertical
Vertical

frontporch: 2
sync: 20
backporch: @

frontporch: 3
sync: 20
backporch: @

Standards: SDI
Flags: CE-video

Bcero B nnatax OOCTYNHbI cnepyouimne TANMUHIN:

[ N N =\
N R

© NV AN

1080i50
1080i60
1080i59.94
576i50
480i59.94
720p50
720p60
720p59.94
1080p25
1080p30

. 1080p29.97
. 1080p24

1080p23.98
1080p50

. 1080p60



16. 1080p59.94
17. 720p25
18. 720p30
19. 720p29.97
20. 2160p25
21. 2160p30
22. 2160p29.97
23. 2160p24
24. 2160p23.98
25. 2160p50
26. 2160p60
27. 2160p59.94

B c8513u ¢ mem, ymo Hekomopeble maliMuH2u HeEO0CMyNHbl Ha HEKOMOPbLIX NAMAX UAU HG HEKOMOPbIX
UHmepa@elicax, 3mom cnucok MOXem omau4amscs

[lna yCTaHOBKM TaliMMUHIa Ha BbIXOAE UMM NPUHYAUTENbHOM YCTAHOBKM TalMUHIA Ha BXOAE HYXKHO MCMOJb30BaTh
CNesyloLLyo KoMaHay:

v4l2-ctl -d /dev/videoX --set-dv-bt-timings index=<uHpekc>

Foe "vHpekc" - 3To NOPSAKOBbIM HOMEP TAMMUHIA B CMIMCKE, MOMYYEHHOM C MoMowbly --list-dv-timings ,
Hanpumep, 1080p50 o6b14HO MMeeT HoMep 13

Ecnu KOppeKTHbIW CMrHan NpUCyTCTBYET HAa BXOAE, MOXHO Y3HaTb €ro TaMMMHT:
v4l2-ctl -d /dev/video2 --query-dv-timings

Mnu nonpocutb y ApariBepa aBTOMATUYECKM OMNPEneNiUTb U YCTAaHOBUTb KOPPEKTHbIM TaUMUHT Ha BXOAE:
v4l2-ctl -d /dev/video2 --set-dv-bt-timings query

MNocne HaCTPOVKM TaMMUHIOB MaaTa MOXeT paboTaTb co cTopoHHUM [10.

HacTpoiika TaliMUMHra MoXeT Npou3BOAMUTLCS Takke ¢ nomouwbio GUI-npunoxernns qv412 .

Mute Ha BbIXoge

Mo-yMonyaHuio MHTepdEnCbl NOSBASIOTCS C 3NEKTPUYECKM OTK/IHOUYEHHBIMU BbIXOAAMM - CUTHAN NepeaaeTcs Ha
BbIXOZ, M/1aT, HO MPU 3TOM CaM BbIXOJ, BbIK/IHOYEH M CUTHAN He MOSBASETCS Ha pasbeMe. Bbixon BktoyaeTcs
aBTOMATUYECKM B Hayasne nepeaaym KaptuHku Yepes V4L2-ycTpoicTBo, N0 OKOHYaHWIO paboTbl NPUNOXKEHUS

YCTPOMCTBO BbIK/OUYaETCs 06paTHO. [pyn 3TOM MOXHO BPYYHYH BKTHOYMTL/BBIK/TOUYMUTD BbIXO C NOMouWwbo v412-
ctl

v4l2-ctl -d /dev/videoX -c mute_ output=0

BkntoumT BbIXOA, 1O MOMEHTA CTapTa NPWUIOXEHWI NnaTa OyAeT nepeaaBaTh YEPHYIO KapTUHKY.

IMocne nepsoli ycmaHosKku mute_output asmoMamu4eckoe 8K/YeHUE/BbIKYEHUE nepecmaém pabomams

HaTtpoiika reHnoka

B nnatax c SDI-BbIxogamMum cywecTByeT BO3MOXHOCTb MAJIBHO PEryiMpoBaTb YaCTOTY U CUHXPOHMU3MPOBATb
BbIx0Aa. Bo Bcex nnatax MMeeTcs OAMH 06LLMIA reHepaTop YacToTbl, OT KOTOPOro paboTakT BCe BbIX0Aa. JTOT
reHepaTop MOXeT paboTaTtb M0 OT CBOEro BHYTPEHHEro UCTOYHKUKA (MacTep) TMB0 CMHXPOHM3MPOBATLCA K



aQHaNOroBOMy BMAEO-CUTHANY Ha OTAENbHOM aHANOrOBOM BXOZ€e. ITO Ha3bIBAaETCS aHAaNOroBbIM reHnok, black-
burst sync unu tri-level sync. Takxe, B pexxume MacTep BO3MOXHA NOACTPOMKA YaCTOTbl FeHepaTopa BPY4YHYHO B
npenenax £500ppm (¥0.05%) - 3To No3BONSET peann3oBbIBaTb CUHXPOHM3ALMIO K BHELUHUM UCTOYHUKAM,
Hanpumep NTP.

MNMommnMo obuiero ang BCer Nnatel aHANONOBOMO FEHIOKA KaXAbli BbIXOA MOXET ObiTb HE3aBUCMMO
CUHXPOHU3MPOBAH K NH0O6OMY BXOAY. OTO Ha3bIBAeTCS UMGDPOBOM reH/OK, B 3TOM peXnMe BbIX04, HaUMHaTb
paboTaTb Ha YacTtoTe BXxogHOro SDI, 1, COOTBETCTBEHHO aCMHXPOHHO K OCTaNlbHbIM BbIXOA4AM. Takon pexum
Mo3BO/SIET OpraHM30BaTh Nepefavy BMAEO CO BXOAa Ha Bbixoaa 6e3 notepu/BcTaBku kagpos (be3 time-based
correction).

HacTpoika reHnoka oCyLeCcTBASETCS YePE3 KOHTPOJIbl BbIXOAHOMO V412-yCTPOMCTBA C MOMOLLbIO YTUANUTBI V412 -
ctl wnu V4L2 API

v4l2-ctl -d /dev/videoX -c genlock_source=1

YcTaHaBAMBaET MCTOUHMK CUHXPOHU3AUMKN N4 BbiXoaa (I/IJ'II/I BCEN I'IflaTbI). Bo3moxHble BapUaHThbI:

Mactep

AHanoroBbIv reHN0K-BX04,
Mepebii SDI-BXoA
Bropoi SDI-Bxop,

v N

Mocne yCTaHOBKM UCTOYHWMKM MOXKHO NMOCMOTPETb TEKYLLLEE COCTOSIHUE TeHI0KA
v4l2-ctl -d /dev/videoX -C genlock_state

Bo3MOXHble COCTOSHUS:

1. Master - BbIX0Of, B peXXMMe MacTepa, reH/I0K He BK/IYeH

2. No input signal - HET BXOQHOrO CMrHana Afig reHnoka, imbo oH He Toro opmata (kafpoBas 4acToTa He
COBMajaeT C BbIXOAO0M)

3. Locking - BbIxoA4 NoACTpavMBaeT CBOK YaCTOTY MOA, UCTOUHUK

4. Locked - Bbixog NoACTPOUNCS NOL UCTOYHUK U CUHXPOHHEH

5. Holdover - Bbixog, Koraa-To 6611 CUHXPOHHEH, HO MOTOM BXOAHOM CUrHan nponan, Bbixog, paboTaer Ha
nocnefHern 3anOMHEHHOM YacToTe.

B pexxvMe reHiioka Kax bl BbIX04, MOXHO CABUIaTb N0 (as3e OTHOCUTENbHO UCTOYHMKA CMHXPOHM3ALMK B
npepenax *kaap/2 c ToyHocTbio B 6.734ns (1/148500000c). Jenaetcs 310 Takxe Yepe3 KOHTPObI:

v4l2-ctl -d /dev/videoX -C genlock_offset 6 _734ns=1000000

KoMaHpaa Bbilwe cABMHET KapTUHKY Ha 6.734ms B Oyayuiee, T.e. BbIXOAHOM Kaap byaeT 3ana3abiBath Ha 6.734ms
OTHOCUTENBHO BXOAA.

Opyrue HacTpoiku V4L2

[MoAHbIM CAMCOK KOHTPONOB, AOCTYMHbIX N1AaT€ MOXHO NOCMOTPETbL CNeayloLen KOMaHLoM:
v4l2-ctl -d /dev/videoX -1
[MonyynTb 3Ha4YeHMe KOHTpona:

v4l2-ctl -d /dev/videoX -C enable_vanc



YCTaHOBUTb 3HaYEHWNE KOHTPONA:
v4l2-ctl -d /dev/videoX -c enable vanc=1

Takxe, npunoxenne qv41l2 no3Bonset BCE 3TO Aenatb U3 rpaduueckoro uHtepderica.

YacTb KOHTPON0OB ABNAE€TCA CEPBUCHBIMU UMUK NpeaHa3Ha4YeHbl A1 UCMOJIb30BaHNA U3 ﬂpW’IO)KEHl/IIZ, HO eCTb
none3Hble NONIb30BaTE/IbCKME KOHTPOJ1bI:

e analog_input_mode - pexum paboTbl aHanoroBoro Bxoaa (reHnok-sxona), 0 - reHnok/nonyyeHue
VITC, 1 - nonyuenwue PPS, 2 - nonyuenue LTC
e bypass disable forced - ans nnatel FD722BP npuHyaMTenbHO BbIK/IYNUTL annapaTHOe
nponyckaHue curHana
e enable vanc - BkaUYMTb NpMéEM VBI-gaHHbIX, NOCNE 3TOr0 HAYMHAKT KOPPEKTHO paboTaTtb
ycTpoictea /dev/vbiX
e frequency_adjust_ppt - M3MeHWTb YaCTOTy Hecyllen Ang nepefayun BUAEO
genlock_source - MCTOYHUK CUHXPOHMU3ALMM ANg Bbixoda. MoxeT 6biTb Master (0) ,
Analog (1) wnu koHkpeTHbin SDI (N + 1)
genlock_state - Tekywee COCTOSIHME CMHXPOHM3aUMK. MoryT 6biTb Master (©) , No input
(1), Locking (2), Locked (3), Holdover (4)
genlock _offset_6_734ns - cOBUI BbIXOAA OTHOCUTENIBHO UCTOYHMKA CMHXPOHM3aLMK, B
nukcenax 3G-SDI (1/148500000 c).
cloned_output - BKIHOUYUTbL KNOHMpOBAHMeE curHana. YetHole (2, 4, 6, 8) Boixoaa nnat FD722,
FD788, FD922 moryT BCcTaBaTb B PEXUM KJIOHMPOBAHMS, KOTAA HA HUX BbIBOAUTCS KOMWUS CUrHANOB
BbixomoB 1, 3, 5,7
e mute_output - anekTpuyecku BbIKIHYUTL ("3aMblOTUTL") BbIXOA,. [pu 3T70M camo V4L2 ycTpoincTeo u
nnaTta NpoAo/iXaloT paboTaTh, HO HA MHTepdence ocTaeTcs anekTpuyeckas TuwmHa (Hi-2).

bonee nogpobHo 0 KoHTponax V4L2 pacckasbiBaetcs B pasgene SDK.

ALSA

Opaneep forward-alsa npenocTaBnsieT JOCTYN K ayauno yYepes ctaHzaptHoe APl ALSA. [laHHoe API
NoALepPXMBAETCa MHOrMM CcTopoHHMM [10, Hanpumep, pulseaudio, OBS Studio, gstreamer, ffmpeg u 1.8. Ha
Kaxkabli MHTepdenc nnatel co3paetca ALSA-yctporcteo hw:Y, X , roe Y - nopsakoBbiM HOMep nnaTtel (card B
ALSA) B cucteme, X - Homep Bbixoaa (device B ALSA). B otanume ot V4L2, ALSA-ycTpoiicTBa BCeraa MMerT
(OUKCUPOBAHHBIM HOMep X, 3aBUCALLMI TONbKO OT PU3MYECKOro pacnonoxeHuna Ha nnate. Hanpumep, ecnu B
kKomnbtoTepe ctouT ogHa FD788 u HeT popyrux ALSA-kapTouek 6yayT co3gaHel hw:0,0 - hw:0,7 . lpu aByx
nnatax 6yayT co3gaHel hw:0,0 - hw:0,7 pndnepsovi nnatel M hw:1,0 - hw:1,7 pang sropo#. [pn aToMm
HyMepauus NiaT 3aBUCUT OT NOPAOKa UX MOSIBIEHUS B CUCTEME, YTO Yalle BCero COOTBETCTBYET OnpeaeneHHoMy
MOpsAKY PacnofioXeHus MaT B CN1I0Tax - T.e. HE MEHSIETCS Npu nepesarpyske CUCTEMbI.

HacTpolika ayamo He HyXHa, TECTUPOBAHME 3BYKA BO3MOXHO MPOMCXOAMT Yepes CTaHAAPTHbIE YTUAUTbI U3
naketa alsa-utils .

Y106bl NONYYNTL CMMCOK BXOOHBIX YCTPOMCTB, MOXHO BOCMOJ/Ib30BATLCS YTUANTON arecord :
arecord -1
TUNKWYHbBIM BbIBOA,:

card @: Intel [HDA Intel], device 0: Generic Analog [Generic Analog]
Subdevices: 1/1
Subdevice #0: subdevice #0

card 1: F80002 [FD788 800027, device 0: IN [IN 1]



Subdevices: 1/1
Subdevice #0: subdevice #0

card 1: F80002 [FD788 8000271, device 1: IN [IN 2]
Subdevices: 1/1
Subdevice #0: subdevice #0

card 1: F80002 [FD788 800027, device 2: IN [IN 3]
Subdevices: 1/1
Subdevice #0: subdevice #0

card 1: F80002 [FD788 800027, device 3: IN [IN 4]
Subdevices: 1/1
Subdevice #0: subdevice #0

card 1: F80002 [FD788 800027, device 4: IN [IN 5]
Subdevices: 1/1
Subdevice #0: subdevice #0

card 1: F80002 [FD788 800027, device 5: IN [IN 6]
Subdevices: 1/1
Subdevice #0: subdevice #0

card 1: F80002 [FD788 80002], device 6: IN [IN 7]
Subdevices: 1/1
Subdevice #0: subdevice #0

card 1: F80002 [FD788 800027, device 7: IN [IN 8]
Subdevices: 1/1
Subdevice #0: subdevice #0

3pecb hw:0,0 - BCTpOEHHAs CMCTEMHas 3BYKOBas KapTouka, hw:1,0 - hw:1,7 -nnata FD788 ¢
Homepom 80002.

Y106bl NONYYNTL CMMCOK BbIXOAHBIX YCTPOMCTB, MOXHO BOCMO/b30BaThCs yTUAMTON aplay :

aplay -1

Pulseaudio/pipewire

Mockonbky ALSA-ycTpoicTBa 9BNSKOTCS CTaHAAPTHBIM CNOcoboM paboTbl CO 3BYKOM B Linux, CTaHAapTHble
KOMIMOHEHTbI CMCTEMbI HAYMHAIOT CUMTaTh NAaThl FD 06bIYHBIMM 3BYKOBBIMM KapTOUYKaMU U MbITAOTCS UX
MCMoNb30BaTh B KayecTBe 0ObIYHbIX AMHAMUKOB A9 BbIBOAA 3ByKa M MMKPO(QOHOB Ans 3axBaTa. Bmecte ¢
[paiBepamu ycTaHaBnuBaeTcs Habop alsa-npodunent ( /usr/share/alsa-card-profile ), koTopble
NpensTCTBYHOT TAaKOMY NOBEAEHUIO, OAHAKO MHOTAA (0COBEHHO ec/iv NniaTa - eAMHCTBEHHOE 3BYKOBOE YCTPOMCTBO)
pulseaudio BCE e 3axBaTbIBAET YCTPOMCTBO U He AAET paboTtaTb ocTanbHoMy [10. B 3TOM criyyae Heobxoaumo B
HaCTpPOMKax CUCTEMbI HAWTW pa3fen 3BYK M BbICTaBUTb Npodunb "OTknodeHo” ang nnatel FD.

Mpumepbl Ucnonb3oBaHMA gstreamer

gstreamer - MynbTUMeUIHbIN GpPeRMBOPK, paboTaloLLmii B TEpMUMHAX KOHBEMpPOB (nannnanHoB., rpados),
MO3BONAIOWMIA NPOU3BOANTL 06paboTKy BUAEO B peaibHOM BpeMeHu. PaboTa ¢ aparisepom forward Bo3MOXxHa
yepes cTaHAapTHble KOMMOHeHTbl v4l2src , v4l2sink , alsasrc, alsasink .

EduHcmeeHHOE 02paHu4eHue - dpaligep 8 kayecmae CUHXpHOHU3aAuuUuU alsa ucnone3yem v4l2-ycmpolicmso, a
gstreamer no-ymMo4aHUI0 NPU UCNO0Ib308aHUU alsasink/alsasrc denaem ux onopHsIMU Yyacamu. B Hekomopeix epagpax
3mo npusodum K 3asucaruk (deadlock), noamomy 8 3mom ciy4dae y KOMNOHEHMOo8 alsa Hyx#HO 8bICmasisme
napamemp provide-clock=false.

3axsar (capture)

3axBaT BMAEO U ayano “ BbiIBOJ Ha 3KpaH/CVICTeMHbIe OUHAMUKU:

v4l2-ctl -d /dev/videoX --set-dv-bt-timings query



gst-launch-1.0 v4l2src device=/dev/videoX ! queue ! autovideosink alsasrc
device=hw:Y,X | queue ! autoaudiosink

3axBaT BMAEO M ayAMO U KOAMPOBaHMe B dan:

v4l2-ctl -d /dev/videoX --set-dv-bt-timings query
gst-launch-1.0 -e v4l2src device=/dev/videoX ! queue ! videoconvert ! x264enc
! queue ! mux. \

alsasrc device=hw:Y,X ! queue ! audioconvert ! opusenc ! queue
I mux. \

mp4mux name=mux ! filesink location=/tmp/capture.mp4

BbiBoa (playback)

BbiBOA, TECTOBOrO BUAEO HA BbIXOA;:

gst-launch-1.0 videotestsrc ! "video/x-raw,interlace-mode=interleaved" !
queue ! v412sink device=/dev/videoX audiotestsrc ! queue ! alsasink
device=hw:Y,X

"video/x-raw,interlace-mode=interleaved"” 30ecb Hy#HO mMoJibKO 018 popMamos ¢ yepeccmpoyHol pazeepmkod. 1o
KaKUuM-mo npu4uHam videotestsrc He Mo}em asmomamuyecku onpedenumes 4epeccmpoyHoCme.

O6paboTtka npoxoaawero BMAeo

[na npumepa Bo3bMEM BMAEO C nepBoro Bxoaa FD722, HanoXuM Ha Hero TeKCT C BpEMEHEM NMOTOKA M OTNPaBUM
Ha nepBblii BbixoA. [1pM 3TOM BKIKOUYMM FEHMIOK BbIXOAA K MEPBOMY BXO4Y:

v4l2-ctl -d /dev/video2 -c genlock_source=2

gst-launch-1.0 v4l2src device=/dev/video® ! queue ! timeoverlay ! queue !
v4l2sink device=/dev/video2 \

alsasrc provide-clock=false device=hw:0,0 ! queue ! alsasink
provide-clock=false device=hw:0,2

Ha nepsom Bbixoge FD722 nosBUTCA CMIHAN CO BXOAa C HAaNOXEHHbIM BPEMEHEM



SDK

[pansep forward peanusyet ctaHpapTHoe APl V4L2 n ALSA ¢ HeKOTOpbIM AONONHUTENBHBIM QYHKLMOHANOM.
Moatomy SDK coctouT n3 npumepoB ucnonb3oBaHus 3tux APl lokymeHTaumns V4L2 API noctynHa Ha kernel.org
O6weHune c noacuctemort ALSA npoucxoout yepes 6ubnmoteky libasound, nokyMeHTaums goctynHa Ha alsa-
project.orq Bce HeobxoamMmoe ang HeCTaHAAPTHOIO MYHKUMOHANA onpeaesieHo B 3aro/IoBOMHOM daine
/usr/src/forward-<version>/include/forward-v41l2-ioctl.h

Cnucok npumepoB

BmecTe ¢ npaiiBepoM nNocTaBnseTcs apxme C NnpuMepamu ncnonb3osaHuna V4L2 API ¢ gparisepom forward .
MpuMepbl HanucaHbl Ha C++.

e common - Hebonblas 6ubnmnoTeka ¢ 06WMMM PyHKLUMAMHU, B T.4. C++-006epTka ang V4L2-ycTpoicTea
e enumerate - npumep ucnonb3oBaHus libudev ang noucka ycrporcts forward u conocTaBneHus
v4l2-ycTporicte ¢ ALSA-ycTporictBamu
e io-switch - npuMmep nepeknyeHUs HanpaBneHUs BbIXOAO0B (3anucu B sysfs) U3 koaa
e timings - npumep paboTbl C TAaWMUHIAMMK
e genlock - npumep BKIOYEHWS reHNOKa
e capture-simple - npuMmep 3axBaTa BMOEO
e playback-simple - npumep npourpbiBaHUs BUAEO
e capture-vbi-audio - npumep 3axBarta BuAeo, vbi u ayguo
e playback-vbi-audio - npumep npourpbiBaHus BUAEO, vbi u ayano
e capture-complex - npumep 3axBaTta BUAEO, vbi n ayano yepes eamHbiv v4l2-uHtepderic
e playback-complex - npumep npourpbiBaHus BUAEO, vbi u ayauo Yepes eauHbivi v4Ll2-unTepdeiic
e capture-£d2110 - npuMmep 3axBaTa BMAEO No ceTu ans nnatel FD2110
e playback-£d2110 - npumep npourpbiBaHus BUAEO No ceTu ang nnatel FD2110
e capture-raw - npumep 3axeata "ceiporo” notoka SDI B dain
e playback-raw - npuMep npourpbiBaHus "ceiporo” notoka SDI u3 darina
e capture-preview - npumep 3axBaTa BUAEO M 0TOOpaxeHusa ero B Qt-okHe
e playback-watchdog-bypass - npuMmep BocnpousBeneHuns BUAEO C UCMONb30BAHUEM MNAThI
FD722BP v cTtopoxeBoro Tanmepa
passthrough-simple - npuMep nponyckaHus BUAEO CO BXOAA HA BbIX0A C 06paboTkoi
av-delay-generator - reHepaTop TECTOBOrO CMrHana Ans NpOBEPKU PAaCXOXLEHWUS BUOEO C
ayamo
av-delay-viewer - npocMOTp TECTOBOrO CUrHana Aas NpOBEPKM PacXOXAeHWs BUAEO C ayamo
hw-timestamps - npumep NosyyeHUs TaMMLITAMMNOB HAa OCHOBE YacoB MNaThl
analog-pps - npumep NoayvyeHus TaMILUTaMMNOB Ha OCHOBE YacOB MiaTbl OT curHana PPS Ha
aQHaNoroBOM BXof4e
e analog-tc - npumep nonyvyeHus Tammkopaa ¢ aHanorosom Bxoga VITC unum LTC
e capture-asi-raw - npumep 3axBara "cbiporo” notoka ASl, nekoanpoBaHue 1 3anuch B daiin
e playback-asi-raw - npumep npourpbiBaHus "cbiporo” notoka AS| c koanpoBaHuem us darina
e passthrough-asi - npumep 3axeata "cbiporo” notoka ASl, nekoanpoBaHue 1 nepefaya Ha BbIXOA,
e capture-£fd2110-sps - npuMep 3axBaTa Buaeo u ayamo yepes V4L2 n ALSA ycTpolicTa C
NOALEPXKOM pe3epBupoBaHus ST2022-7
e capture-£fd2110-complex-sps - npuMep 3axBaTa BUAEO U ayAM0 Yepe3 eauHblin v4L12-
nHTepdenc c noaaepxkon pesepsnposaHus ST2022-7

MpuHumnbl paboTbl ¢ V4L2

ObuweHune c opariBepoM MAET Yepe3 pannbl-ycTpoictea /dev/videoX nocpencTtBOM CUCTEMHOIO Bbi30OBa
ioctl() .BBbizoB ioctl() nepepaetcsa kog onepaumm ( VIDIOC_* ) u ykasatenb Ha CTPYKTypy, yepes
KOTOpyt nponcxoaut obmeH nHdopmaumen. Yepes ioctl() npomsBOAMTCS HACTPOKKa TakMuUHra, popmaTa,


https://docs.kernel.org/userspace-api/media/v4l/v4l2.html
https://www.alsa-project.org/alsa-doc/alsa-lib/

M3MeHeHue KOHTPONOB, BbiaeneHune 6ydepos u T1.4. Apavisep forward HauuHasg c Bepcun 1.7.0
ncnonb3yet MmynbTunnaHapHbii APl Video4Linux2.

Beoga v BbIBOA BMAEO nponucxoaut B cnepyouem nopagke:

1. OtkpbiTve ycTpowncTBa ¢ nomouwpbio open()

2. 3anpoc, ycTaHOBKa TalMMHIa BxoAa/Bbixoaa ¢ nomouybto ioctl VIDIOC ENUM DV _TIMINGS ,
VIDIOC_QUERY_DV_TIMINGS , VIDIOC_S_DV_TIMINGS

3. 3anpoc, yctaHoBka ¢opmMmata g obwenuns ¢ gparisepom - VIDIOC_ENUM_FMT , VIDIOC_G_FMT ,
VIDIOC_S_FMT

4. BblgeneHue 6ydepos c nomowpto VIDIOC REQBUFS , VIDIOC QUERYBUF

5. lMpepBaputenbHoe 3anonHeHne ouepeam bydepos (pre-roll) - VIDIOC_QBUF

6. BknwoueHue npowurpeiaius - VIDIOC _STREAMON

7. Uukn nonyyeHus 6ydepos n3 ouepenm, 06paboTtku, u nepenaum obpaTtHo B ovepenp -
VIDIOC_DQBUF , VIDIOC_QBUF

8. OctaHoBka npourpbiaHug - VIDIOC _STREAMOFF

9. OcBoboxaeHune 6ydepos - VIDIOC REQBUFS

TamMuHrn n popmatbl

B V4L2 ecTb ABe CyWHOCTH, onpefensioLlimMe napaMeTpbl BULEO:

e TalimuHe - onpepensieT NapaMeTpbl CUTHaNA Ha BXOAEe/BbIXOE NAaThbl - pa3Mepsbl, YacToTy, pasMep
obpaTHoro xoaa.
e Qopmam - onpepenset napamMeTpbl Buaeo B bydpepax - pasmep, popmat nukcenen, stride n T.4.

TanMuHr onuceiBaetcs CTpykTypori v412 bt _timings , B Hel yKa3biBaeTCS reOMeTpuyeckme pasmepsl
BMOMMOWM 4acCTH, pa3Mepbl CMHXPO-001acTei, Hecylas 4acToTa U T.4. [Ing nonyyeHns cnmcka Bcex BO3MOXHbIX
TaWMWHIOB HEOBXOAMMO UX NepeuncanTb ¢ nomolbto ioctl VIDIOC ENUM _DV_TIMINGS . B atoTioctl
nepenaercs No-oyepenm MHAEKC TaMMUHIa, HaunHas ¢ 0, 0o Tex nop noka ioctl He BepHeT koA -EINVAL. ng
BXOJA Tak)Xe BO3MOXHO 3aMpOCUTb TEKYLLMI TakMUHT Ha Bxoge ¢ nomowbto VIDIOC QUERY_DV_TIMINGS .

0O6a atux ioctl BO3BpaLLAOT CTPYKTYPY C TAUMUHIOM, KOTOPYH 3aTeM MOXHO nepeartb B
VIDIOC_S_DV_TIMINGS pnga yctaHoBKM napamMeTpoB curHana. Beizos VIDIOC_G_DV_TIMINGS
nosyyYaeT TEKYLLMI TAaMMUHT HA YCTPOMCTBE (TOT, KOTOPbIN ycTaHoBMAM ¢ nomowpio VIDIOC S _DV_TIMINGS ,
a He TOT, KOTOpbI HAa CaMOM Aene Ha BXxoAe). BxonHoe yCcTpoicTBo He 0OHOBASET TakMUHT NPU CMEHE CUrHana
Ha BXOJe, 3TO HYXXHO Aenatb BpyyHyto. Nocne 3anycka notoka ( VIDIOC _STREAMON ) cMeHa TaviMuHra
HEBO3MOXHa.

Mopmart onucbiBaeTca cTpyktyport v41l2 pix_format_mplane B Heli onucbiBaeTcs pasmep Buaeo, Gopmar
nuKcenen, pasmepbl MeMHOB, cnocob nepenayu nonen u 1.4. @opmat nukcenen asngaetcs 4-6anTHOM
KOHCTaHTOM, 6onee nsBectHoM Kak FourCC, oH Xe IBNSETCS YHUKANIbHbIM MAEHTUGMKATOpoM hopmMaTa. B cnyyae
yepecCcTpoYHbIX TaMMUMHIOB OpMaT Takxke No3BoAseT BbiOpaTh cnocob xpaHeHus nonen B bydepe:

e V4L2 FTELD_TINTERLACED - B 6ydepe xpaHaTca oba nons 4yepeccTpovHo, nepeas CTpoYka
SBNSAETCS NepBOM CTPOUKON NepPBOro nons
e V4L2 FTELD_ALTERNATE - B 6ydepe xpaHuTCS TONIbKO OOHO NoJie, Kafp COCToUT u3 aByx 6ydepos

B mekyuweli peanuzayuu V4L2 FIELD INTERLACED mpebyem 00no/iHUMeNbHO20 KONUPOBAHUS OAHHbIX, a
V4L2 FIELD ALTERNATE sensemcs zero-copy.

Boizos VIDIOC_ENUM_FMT pabotaet no Takomy xe npuHumny, kak 1 VIDIOC_ENUM_DV_TIMINGS w
Bo3BpaLLaeT cnucok FourCC dopmaToB, [OCTYNHbIX 419 AAHHOTO TavMuHra. [ng yctaHoBku dopmarta
Heobxoaumo ero cHavana nonyumts ( VIDIOC_G_FMT ), 3aTeM noMeHaTb Nosisg B CTPYKType (06bIYHO, TONBbKO
FourCC), 3atem yctaHosutb ( VIDIOC_S_FMT ). APl yctpoeHHo TakmuM obpasom, uto VIDIOC_S_FMT
CUMTaeTCs peKoMeHAaLmMen ApanBepy, OH UMeeT NpaBo NOACTPOUTL hopMaT nog cebs U BepHYTb B NMPUIOXKeHUe
M3MeHEeHHbIN hopMar.



Opaneep forward peanusyet kak ctaHgapTHbie popmatel (YUYV, V210 v T.4.), Tak n umeeT Habop
cneumanusnpoBaHHbix GopMatos (Raw, ASI, Complex) ong paclumpeHHbIX QYHKLUUNA.

bydepa u ouepeam

Camo Bmaeo nepepaeTtcs B TepMUHaXxX odepenen n bydepos. bydep - CywHOCTb, cofepkallas oauH kagp (Mnm
rnosne), BblaeneHHas B aape vyepes Bbi3oB ioctl() w cnpoeumpoBaHHas ( mmap() ) B agpecHoe
MPOCTPAHCTBO NpunoxeHus. bydep MoXeT MMeTb OOHY UM HECKOJIbKO NIOCKOCTEW (MnerH, plane), kaxaas
MAOCKOCTb - HenpepbIBHas (BUPTyanbHO) 061acTb B NaMaTu, onpeaeneHHoro (popmatom) pasmepa. B npoctbix
C/lyyasix NN0CKOCTb OfLHA M OHAa COAEPXMUT KAapTUHKY B onpefeneHHoro gopmara, Hanpumep npu popmare 8-bit
YUYV ( V4L2_PIX_FMT_YUYV ) B epuHCTBEHHOM nneiHe 6yayT nexatb nukcenu YUV B dpopmate 4:2:2, no 16
6UT Ha NuKcensb.

lNommnMo camoro usobpaxeHus bydepa XxpaHIT HEKOTOPYH MeTa-uHPOpMaLMIO:

e [lopsakoBbI HOMEP (sequence) - CHETYMK KaApOB NS OTC/IeXUBAHMS NOTEPb

e TanMMLITaMN - CUCTEMHOE BpPeMS NpUX0Aa/0TNpaBKM Kaapa

e Taimkop (VITC/LTC)

® B HekoTOpbIX hopMaTax Takxke B KaxkAoM bydepe ykazaHO, CKObKO peanbHO AaHHbIX MCMONb30BaHO B
Kaxnom nneviHe (bytesused)

Boipenenuve bydepos nponcxoamt vepes ioctl VIDIOC_REQBUFS , B napameTpax nepepnaeTcs xenaemoe
konuuyectso 6ydepos (kappos). Kaxabivi 6ydep nmeeT CBOM YHUKANbHbIM MAEHTUPUKATOP - NOPSAKOBLIA HOMEP,
M BO BCEX BbI30BAX B KayecTBe napameTpa-bydepa nepenaercs ero Homep. lNocne BoiaeneHuns 6ydepos HYXHO
cnpoeuuoBaTh bydepa Ha agpecHoe NPOCTPAHCTBO NPUAOXKEHUS U NOAYYUTb YKa3aTeNn Ha AaHHbIE B NJIeMHaXx.
[ns 3TOro HyXHo:

e [1nga kaxxporo 6ydepa Bbizate VIDIOC_QUERYBUF uT06bI nONy4ynTth NOApo6HYH MHDOPMaLMIO O
KoNnnyecTse NnaoCKoCTen, ux pasmep u odpdcet gnga mmap

e Coenatb mmap() [ANS KAXKLOro nnewHa kaxaoro bydepa no aHanormu ¢ pa3fensemMon naMaTbio ang
nosyyYyeHus fOCTyna K JaHHbIM

MNMocne 3Toro 6ydepa roToBbl K UCNOb30BAHMIO B ApaliBepe, MPU 3TOM NPUNIOXKEHME TaKXKe UMeeT [0CTyn K
BMOEO0-AaHHbIM. [1ns ocBoboxaeHns 6ydepos HyxHO BbinonHMTe VIDIOC_REQBUFS nepenas @ B kavectse
KonnyectBa 6ydepos.

O6MeH paHHbIMUM C ApaliBepOM M NIATOM MPOUCXOAUT B TEpMUHaxX odepenen. Kaxxpoe ycTponcTBo umeet
oyepenb n3 bydepos., NpunoxeHne nobasnget 6ydep B ouepenb ¢ nomouwbto ioctl VIDIOC QBUF . MNocne
aToro 6ydep nepexoauT Noa KOHTPOb ApaiBepa u nNo Mepe paboTel bydepa nepenatTcs Ha BbIBOA (BBOA)
nnatel. [ocne Toro, Kak naata 3akoHuyuna paboTty ¢ 6ydepom, OH MOXeT bbITb BO3BpaLLEH NpunoxeHuem. ng
atoro ucnonb3syetcs ioctl VIDIOC _DQBUF - 3To 6noKupyoLMiA BbI3OB, OXXMAAKOLIWIA MOSBAEHWS MEpBOro
obpaboTtaHHoro 6ydepa ot gparisepa. [pu OTKpbITUKM YCTPOMUCTBA B HEBNOKUPYIOLWEM pexnMme (napameTp

O_NONBLOCK pgns open() ) VIDIOC_DQBUF He 6nokupyeTcs, a BO3BpaLaeT owmnbky ecnu bydep He
rotos. B aToM cnyyae Heo6xoAMMO MCNONb30BaTh CMCTEMHBIN BbiI3oB poll() . Mocne VIDIOC_DQBUF
[laHHble roTOBblI K 06paboTke NpuIoXeHUeM.

Utoro, BBO//BbIBOA, AAHHbIX C MOMOLLbIO oqepeueﬁ BbIrNAANT TakK:

Boioenenune 6ydepos ( VIDIOC_REQBUFS )
MonroTtoska 6ydepos ( VIDIOC _QUERYBUF )
MNpepBapuTenbbHOe 3anonHeHue odepenm (preroll) ( VIDIOC_QBUF )
Crapt notoka ( VIDIOC_STREAMON )
B uukne:
1. OxwupaHue rotoBHocTH bydepa ( poll() )
2. Monyuyenwne 6ydpepa n3 gparisepa ( VIDIOC_DQBUF )
3. O6bpaboTka

Ul N NN -



4. BosepauieHue 6ydepa B ouepenb ( VIDIOC _QBUF )

6. OctaHoBka notoka ( VIDIOC_STREAMOFF )
7. OcsoboxnaeHue 6ydepos ( VIDIOC _REQBUFS )

Lns koppekmHol pabomesl niam mpebyemcs, 4mobsbi 8 o4epedu bypepos sce20a Haxo0UNO0Chk KaK MUHUMYM 2
bygepa - ¢ 00HUM naama pabomaem, 8mopoli 3apaHee N0020MmosJ/ieH. 3mo 03Hayaem, 4mo mpebyemcsi Kak
MUHUMYM 3 6ygepa 019 pabomel

Ecnn B MOMEHT KOHUA KaJpa B oyepean He Haxoautcs bydepa ong nepegayv nnate, NpoMCXoamT cobbitme
noTepu kagpa. [lng Bxoga kagp nponyckatcs, Ans Bbixoaa bepetcsa nocnenHui bydep (npu Hanuumm) u
nosTopsietcs. OnpenenuTb NOTEPIO KaAPOB MOXHO C MOMOLLbIO Nons sequence y 6ydepos - 3TO CHETUMK KaLpPOB
Ha nnate, ecniv nocne ovyepegHoro VIDIOC _DQBUF sequence usmeHuncs 6onblue yeM Ha 1 - 3T0 o3Havaer,
YTO HEKOTOPOe KOJIMYECTBO KaapoB Oblno NoTepsHo.

VBI

BmecTte c video-ycTpoicteammn /dev/videoX ppaliBep co3paert cTaHAapTHble ycTporictea VBl /dev/vbiX .
Yepes 371 ycTponcTea npoucxoaut nepenava VBI (Vertical Blanking Interval) o6nactu. Pabota ¢ HUMM noxoxa
Ha paboty ¢ /dev/videoX - ycTtaHoBKa opMara, annokaumus bydepos, ouepeam. B kauectse popmara
BbICTynaeTt cTpyktypa v412 vbi format , B KOTOpoOM nepeaaeTcs KOM-BO NIMHWIA U MUKCENbHbIMA HopMaT ans
VBI. B Tekywmx nnatax nukcenbHbivi popmat ong VBI - V4L2 PTIX _FMT_Y10 , sce nukcenn 10-6uT ynakoBaHsbl
B 16-6uT, C HyneBoW cTapLien Yactblo. [ng pabotel VBl TpebyeTcs sBHOE BKIKOUEHWE KOHTPONa
V4L2_CID_FORWARD_ENABLE_VANC vy yctpoictea /dev/videoX .

Pexum raw

B nnatax c uutepdericammn SDI Bo3MoxeH npuem u BbiBog Bcero 10-6utHoro notoka SDI noToka Lenvkom, co
BCEMM 06/1ACTAMU CMHXPOHM3ALIMM U NaKeTaMu. OTO MOXHO MCMNONb30BaTh Ans aHanusa SDI noToka, ero 3anucu u
JanbHewnLwero NporurpbiBaHms, a Takxe Ans NpoABUHYTOM 06paboTkM BUAEO C MUHUMANbHBIM U3MEHEHUEM
copepxumoro. Pexum raw yctaHaBAnBaeTCs C NOMOLLbK YCTaHOBKMU opmaTa c pixelformat =

V4L2 PIX_FMT_SL_RAW Ha ycTponcTee V4L2.

Mocne yctaHoBkM hopmaTa, B CTPYKType dopMata ByayT onMcaHbl NapaMeTpbl CbIpOro MNOTOKA - MOJIHbIE LWWPUHA,
BblCOTa M pa3mep B 6anTax. [1ng yepeccTpoyHbix HGOPMATOB, PEXMM raw MOXET paboTaTb TOMbKO B

V4L2 FTELD_ALTERNATE , T.e. kaxxpoe none 6ynet B otaensHom bydpepe. Camm gaHHble B 6ydepax nexar B
Buae 10-6uTHbIX CNOB, NIOTHO YNAaKOBAHHbIX NO 4 wWTykK B 5 6anT (40 6mT). Mopsaaok notokos SDI - cHavyana
CbCr, notom Y. MNopsapok cnos - little-endian, T.e. B nepeoM 6aliTe nexat Mnagluime 8 6UT OT NEPBOro NPUHSTOrO
10-6utHoOro cnosa:

banT\but 7 %]}

) Cbo[7:0]
1 Yo[5:0] | cpe[9:8]
2 Cro[3:0] \ YO[9:6]

3 Yi[1:0] | Cre[9:4]

4 Y1[9:2]

MNMockonbKy Ha BbIXOA NOTOK MepenaeTcs "Kak ecTb” 3ajava codra - NpaBuIbHO CreHepmnpoBaTh BCe Tpebyemble
mMapkepbl SDI-notoka - SAV, EAV u Tak panee. Jlioboe HapyweHue B NOTOKe (Hanpumep, 3HaYeHue apKoCTH/LBeTa
3a npegenamu guanasoHa 0x004 - Ox3FB) npueneT k noTepe curHana Ha npuemHuke. MpuMepsl capture-
raw u playback-raw nokasbiBalOT NpMMep 3axBaTa NoToka B Gann u npourpbiBaHue s danna,
COOTBETCTBEHHO.

ASI

B nnartax c uutepdericammn SDI Bo3MoxeH npuem u BbiBog notoka DVB ASI. Ha Bxoae Bo3MoxeH npueM notoka B
AByx dopMartax:



e V4L2 PIX _FMT_MPEG - B kaxxpgom bydepe bynyT nekoanposaHHble nakeTol MPEG-TS. Mone
bytesused 6yaer ykasbiBaTb Ha KOAMYECTBO NPUHSATLIX OaWT.

e V4L2 PIX FMT_SL_RAW_AST - B kaxxgom bydepe Oyner nonHbi He ekoamMpoBaHHbI 8b10b
NoToK, co BceMu K-cMMBONIaMK. YNAKOBKa - Takas e, Kak B pexuMe raw - 4 cnosa B 5 6avitax. [Mone
bytesused 6yaet ykasbiBaTb Ha KOAMYECTBO BanT.

Ha Bbixone Bo3MoxeH Tonbko dopmat V4L2_ _PIX _FMT_SL_RAW_AST , npu 31om 10-6uTHbIE ClOBa - 3TO He
kopnposka 8b10b, a BHyTpeHHMI dopmaT, B KOTOpoM 6uThl [7:0] - AaHHbIe, @ 6UT [8] yKa3biBaeT, ABNSeTCs
cnoso K-cumeonoM (1 ) unm panHbiMu (0 ).

MNpu obHapyxeHun curHana AS| Ha Bxopae ApaliBep aBTOMaTUYECKM BbiCTaBnseT dopmaT

V4L2 _PIX_FMT_MPEG - Takum 06pa3om MOXHO onpenenutb Hanuune curHana ASl vepes VIDIOC _G_FMT .
Ecnu Ha Bxoze ASI nepekntoumncsa Ha SDI, opaisep aBTOMaTtuMyecku Bo3BpalLaeT popmar

V4L2 _PTIX_FMT_YUYV .

MNpu npueme/nepenave ASI nnatel paboTatoT uHTEpBanamm (Naukamm) B 20ms, TO eCTb, Kaxapin bydep
cooTBeTCTBYeT BpeMeHu notoka B 20ms nnu 540000 cumeonos. ng yMeHblueHMs 3a4epXKeK eCTb BO3MOXHOCTb
YMEeHbLNTb MHTepBan BnnoTb Ao 2.5 yepes koHTpon V4L2_CID_FORWARD_AST PERIOD .

Pexxum complex

B cBa3m c TeMm, uto ycTporcTBa ALSA u V4L2 aBnsaoTca hakTUYECKM HE3aBMCMMbIMKM ApYT OT ApYra, TOUYHas
CUHXPOHU3ALMS ayAMO CO 3BYKOM SBNISETCS HETPMBUMANBHOM 3a43a4M, 0COOEHHO B Clyvae NpobyiemM C CUrHanoMm Ha
BXO4e M NMponageHueM 3ByKa. [1ng ynpoweHus CMHXPHOHU3aLMK Obin peann3oBaH HeCTaHAAPTHbIN PEXUM OJis
V4L2 - B Buae popmatos V4L2 PIX_FMT_SL_COMPLEX_8BIT wu

V4L2 PTIX_FMT_SL_COMPLEX_10BIT . Kagp (none) B 3ToM dopMmaTe COCTOUT U3 TPEX MIOCKOCTEN
(nnerHoB):

1. Camo Bugeo, 8 6ut UYVY ( V4L2 _PIX_FMT_SL_COMPLEX_8BIT ) unu nnotHo-ynakoBaHHble 10 6ut
UYVY ( V4L2_PIX_FMT_SL_COMPLEX_10BIT ).

2. Bxogp - Bce npuHatble nakeTbl SDI/HDMI/RTP 3a kaap, Bkatoyas ayamo. Beixon - ayamo,
COOTBETCTBYIOLLEE Kaapy, B popmaTte NoToKa.

3. Crpyktypa forward _v412_complex_info , onucbiBawoLias TeKyLWMi Kaap U CTaTUCTUKY -
3aMnoJIHAETCS ApariBepoM.

B 3TOM pexume gpavisep He Npou3BoanT 06paboTKy faHHbIX - OHM NOMNAAAKT B MPUIOXEHUE/NNaTy B TOM
dopmMare, KOTOpbIN Mcnonb3yeT nnata. [Ans yepeccTpoyHbix GOpMaToB, pexxum complex MoxeT paboTaTb TO/IbKO
B V4L2 FIELD ALTERNATE , T.e. kaxgoe none 6ynet B otaensHoM bydepe. Hanpumep, ecnm BratoveH VBI
(yepes koHTpon V4L2 CID_FORWARD_ENABLE_VANC ), To B nepBoM nneiHe Bcerga B Havane byner obnactb
VBI B 10 6utHOM dopmate. Pazmep 31Ol 06/1aCTM MOXXHO NOACUYMUTATL Yepes3 TauMuHr (monga .bt.vsync +
.bt.vbackporch ), a Ha BXxogHOM ycTpoiicTBe - B cTpykType forward_v412_ complex_info .

[ng noHMMaHug Toro, Kakow GopMaT 0Xknaatb BO BTOPOM MNyielHe He06X0AMMO UCMOMb30BaTbh KOHTPO
V4L2 _CID_FORWARD_COMPLEX_AUDIO_FORMAT :

e V4L _FORWARD_COMPLEX_AUDIO_RAW_32 (0) - 24 6uTa 3BYyKa B 4 6arTax, buTbl B MiagLwen 4actu
(Little-endian). Mcnonb3yeTtcsa anga Beixoga y SDI-nnar.

e V4L_FORWARD_COMPLEX_AUDIO_RAW_24BE (1) - 24 6uta B 3 6anTax, Big-endian, ncnonbsyetcs
Ha Bbixoge FD2110

e V4L _FORWARD_COMPLEX_AUDIO_ST272 (2)- Ayamo B naketax no craHgapty ST-272 (SD-SDI
ayamo). Kaxpoe cnoso B 6ydepe - 16 6uT, copepxkalme 10-6UTHbIe faHHbIe NaKeTOB NO CTaHAAPTY
SMPTE ST-291.

e V4L_FORWARD_COMPLEX_AUDIO_ST299 (3) - Ayano B naketax no craHgapty ST-299 (HD-SDI
ayamo). Kaxpoe cnoso B 6ydepe - 16 6uT, cogepxawme 10-6UTHble faHHbIe NaKeTOB NO CTaHAAPTY
SMPTE ST-291.

e V4L _FORWARD_COMPLEX_AUDIO_HDMI (4) - Ayano B naketax no craHzapty HDMI



e V4L _FORWARD_COMPLEX_AUDIO_ST2110_30 (5)- Ayauo B naketax no craHgapty ST2110-30

e V4L _FORWARD_COMPLEX_AUDIO_AES3 (6) - 4-6avTHble aes-(ppeimsbl, ncnonbsyerca 8 FD788 npu
npueme AES3id.

e V4L _FORWARD_COMPLEX_AUDIO_ST2022 6 (7)- Ayauo B naketax no craHzapty ST2022-6

[ng nakeTHbIx GopmaToB B GUbAMoTEKE COMMON NPMAOXKEHBI COOTBETCTBYHOLLME NapCepbl, BbITaCKMBAKOLWMUeE
rotoBble ayano camnibl. Ctout otMeTuTb, uto dopmatel V4L _FORWARD_COMPLEX_AUDIO_ST272 w
V4L_FORWARD_COMPLEX_AUDIO_ST299 nomumo ayavo No3BOJISHT NpUHUMaTh Ntobbie nakeTol SMPTE ST-
291 n3 notoka SDI.

CobbiTua

[parsep nocbinaet cobbiTMa Yepes cTaHaapTHbIM uHTepderic (API) VAL2. [pavisep nocbinaer cnepyowme
cobbITus:

e V4L2 EVENT_SOURCE_CHANGE - ctaHpapTHOe cob6biTve cMeHbl dopMaTa

e V4L2 EVENT_VSYNC - ctaHpapTHOe cObbiTMe CMHXPOHM3ALUMM, MOCbIIAETCS pas B None, BHe
3aBMCMMOCTM OT TOTO, BKJTOYEHO MPOUTPbIBAHME MU HET.

e V4L2 EVENT_FRAME_SYNC - ctaHzapTHoe cobbiTe CMHXPOHU3aLMK, MOCbINAETCS pa3 B Kaap
nepeg TeMm, Kak oTaatb 6ydep B NpunoxeHue npu BKAKYEHHOM NpourpbiBaHuun. CooepxuT TeKyLLMI
HOMep Kagpa.

e V4L2 EVENT_FORWARD_TIMESTAMP - cneuuduyHoe ang opaneepa coObITUE, COAEPXMUT TEKYLLNI
TaMIUTaMnN Kagpa, NOCbUIaeTCs pas B MoJje, BHE 3aBUCMMOCTM OT TOrO, BKJTKOUEHO MPOUTpbIBAHME MU
HeT. B cobbiTKM nepepaetcs cTpykTypa struct v41l2 event forward timestamp co
cnenyrwmnuMm NoNsMu:

o buffer sequence - Tekywmit HOMep Kagpa, coBnagaet c bybepom u
V4L2 EVENT_FRAME_SYNC

o field - Tekywee none, V4L2 FIELD_*

o eof_timestamp - anmapTHbIM TakMLLTamMn nons/kagpa, PopMar TOT e CaMbli, YTO U B
V4L2 _CID_FORWARD_HW_TIMESTAMP

o irq_timestamp - annapTHbIM TakMIUTaMN NpepbiBaHUS - BpeMS Koraa nHdopmaums

fowna fo apansepa, GopMat TOT e CaMblid, YTO U B

V4L2 _CID_FORWARD_HW_TIMESTAMP

Cnucok KoHTponoB V4L2

[laHHble KOHTPO/bI AOCTYMHbI Yepe3 cTaHAapTHbIN nHTepdenc (API) VAL2 u MoryT 6biTb M3MEHEHBI C MOMOLLbH)
cTaHzapTHbix V4L2-ctl u qv4l2. B 3aronosoyHoMm danne /usr/src/forward-
<version>/include/forward-v4l2-ioctl.h wumeloTcs Bce HeobxoamMMble 06bABIEHNS AN
MCMONb30BaHMS 3TUX KOHTPO/IOB B CBOEM KOZAe. boNbLIMHCTBO KOHTPOIOB AOCTYMHO KaK A9 BXOAO0B, TaK U 414
BbIXOLO0B. Takxe, 60MIbLIMHCTBO U3 HUX MOXHO MEHATb BO BpeMS NpueMa/nepenaym notoka, 6e3 oCTaHOBKM.
HekoTopble KOHTPO/bI IBASKOTCS 06WMMK NS BCeM nnaTbl - NPpU U3MEHEHUU B OOHOM YCTPOMCTBE OHWU MEHAKTCS
ON19 BCeX YCTPOMCTB.

e V4L2 CID_FORWARD_ENABLE_VANC ( bool ) - Bkntountb 3axsat / npourpeieaHne VANC-obnactu
TOJIbKO NMPU OTK/IHOYEHOM MPOUTPbIBAHUU

e V4L2 CID_FORWARD_WIDESCREEN ( bool )-BxopHow curHan umeet dnar widescreen 8 VPID /
nocTaBuTb nar widescreen Ha Bbixoae

e V4L2 CID_FORWARD_HW_TIMESTAMP ( u32 ) - nonyuuTb anmapatHoe BpeMs. Ha nnatax nmeercs
CYeTymMK, KoTopbIM paboTaeT Ha yactoTe 148.5MHz, CMHXPOHHO C BbIXOAAMM - annNapTHbIE YacCbl. TONbKO
yTeHue

e V4L2 CID_FORWARD_FREQUENCY_ADJUST ( u64 )- noacTporika BbIXOAHOM 4acToTbl B ppb
(point-per-trillion, 10*-12). 3anncbiBasg 3Ha4eHUS B 3TOT KOHTPO MOXHO naBHo (6e3 noTepu curHana
Ha BbIXOJEe) MOMEHATb HECYLLYI YacTOTy Ha Bbixoge - Fout =
V4L2 _CID_FORWARD_FREQUENCY_ADJUST/le-12 * Fbase . He pekoMeHayeTcs MeHSaTb



3HauyeHue 6onblue yeM Ha 10ppm (le-6) 3a 0AMH pa3 - 3TO MOXET NPUBECTU K MOTepe CUrHana Ha
BXOJAX M BbIXOAAX HA HECKOJIbKO cekyHn,. penen perynupoBanus - £500ppm obwuit ang Bcei nnatbl

e V4L2 CID_FORWARD_ASI PERIOD ( enum ) - nepeknunTb Nepuos npueMa/Bblaayum JaHHbIX
(6ydepos) n3 gparisepa ang AS|I TonbKo Npu OTKIOYEHOM MPOUTPbIBAHUM

20ms (0@) - no-ymonyaHuto

10ms (1)

S5ms (2)

2.5ms (3)

o

o

o

o

e V4L2 CID_FORWARD_TIMECODE ( enum )-Bua Tanimkoaa Aong npueMa Ha BXone/BuA TaMKoaa
KOTOPbIM HY)KHO BblAaTb.
© None (@) -He npMHUMaTb/He BblAABTb TAMMKOA, - NO-YMOAYAHUIO
o LTC (1) - npuHumatb Tonbko LTC/BbigaBath LTC
o VITC (2) - npuHumartb Tonbko VITC/ Bbigasats VITC
o Any (3) - npuHumaTb N0OOM TaMMKOL / HEBANMAHO ANS BbIX0AaA

e V4L2 CID_FORWARD_GENLOCK_SOURCE ( enum ) - MCTOYHMK reHN0Ka, MPUBS3Ka HecyLLen
4yacToThbl.

o V4L_FORWARD_GENLOCK_SRC_MASTER (0) - macTep, Hecyw,as 4actoTa He 3aBUCUT OT
BXOJ0B, €€ MOXHO M3MeHuTb ¢ nomowbio V4L2 CID_FORWARD_FREQUENCY_ADJUST ,
no-ymMon4aHuio

o V4L_FORWARD_GENLOCK_SRC_ANALOG (1) - npuBs3aTbh HeCyLLy 4acToTy K
aHanorosomy Bxogay (black-burst/tri-level-sync) o6wuit ang Bcei nnatbl

o V4L_FORWARD_GENLOCK_SRC_INO@ (2) - npmBsi3aTb HeCyLLyl YacCTOTY K MepBOMY BXOAY

SDI

o V4L_FORWARD_GENLOCK_SRC_IN1 (3) - npuBsizaTb HECyLLyH 4aCTOTy KO BTOPOMY BXO4Y
SDI

o V4L _FORWARD_GENLOCK_SRC_INX (1 + X) - npmuBsizaTb HeCyLLyt 4acToTy KO X-My BXOay
SDI

e V4L2 CID_FORWARD_GENLOCK_STATE ( enum ) - Tekyliee COCTOSIHME reHI0Ka TONbKO YTEHUE

o V4L_FORWARD_GENLOCK_MASTER (0) - B pexxume MacTep

o V4L_FORWARD_GENLOCK_NO_INPUT_SIGNAL (1) - BXOOAHOM CUrHaN-UCTOUYHMK FeHI0KA
He obHapyxeH

o V4L_FORWARD_GENLOCK_LOCKING (2) - uaét noactpovka 4actoTbl U ¢dasbl

o V4L_FORWARD_GENLOCK_LOCKED (3) - Bbixoaa B reHsioke, BCE XOpOLUIO

o V4L _FORWARD_GENLOCK_HOLDOVER (3) - nnata 6bi1a B reHnoke, a MOTOM nponan
CUrHan, nnata nbiTaeTcs yaepXaTb 4acToTy

V4L2 _CID_FORWARD_GENLOCK_OFFSET ( u32 ) - coBur BbIXOLHOIO Kagpa OTHOCUTENbHO
MCTOYHMKA reHnoka. Eguumua - 6.734ns = 1/148.5MHz =1 nukcenb popmata 1080p50/p60
TO/IbKO AIF BbIXOAA
e V4L2 CID_FORWARD_ANALOG_RX_MODE ( enum ) - pexum paboTbl aHafnoroBoro Bxoga nnatbl
obLwuit ang Bcei nnarbl

o Genlock (@) -aHanorosas BMAEO-CUHXPOHM3ALMS - N0-YMOJYAHUK
o PPS (1) - npuem curHana PPS (1Hz)
o LTC (1) - npuem LTC-tanmkopa

e V4L2 CID_FORWARD_ANALOG_RX_TIMESTAMP ( struct )- Bo3BpallaeT TeKyLiee COCTOsHME
aHanoroeoro BxoAa. Bosepalaetcsa ctpyktypa v412_forward_analog_rx_timestamp , koTopas
COOEPXMUT NPU3HAK HANMUMA CUrHANA Ha BXOAE, TaMMLITaMM NocaegHero cobbiTus, Tekylliee Bpems
MnaTbl U CUCTEMBI. TONIbKO YTEHUE O6LWMIA Ans BCEi nnaThbl

e V4L2 CID_FORWARD_ANALOG_RX_TIMECODE ( struct ) - Bo3BpallaeT TeKyLMi TaMM-KOA Ha
aQHaNoroBOM BXO[e, BO3BpallaeTcs cTpykTypa struct v412_timecode . TONbKO UTeHHe 06Luit
ANg BCei nnatbl

e V4L2 CID_FORWARD_BYPASS_DISABLE ( bool ) - BbiknunTb annapaTHoOe NponyckaHue
curHana gns nnatel FD722BP. 3TOT KOHTPOA LOMKEH 3aNUCHIBATLCS HE peXe YeM pas B



V4L2 _FORWARD_BYPASS_ WATCHDOG_PERIOD_MS mwunnucekyHa.
V4L2 _CID_FORWARD_BYPASS_DISABLE_FORCE ( bool ) - BbiknuuTb annapaTHoe
nponyckaHue curHana gna nnatel FD722BP HaBceraa.
V4L2_CID_FORWARD_WATCHDOG_ENABLE ( bool ) - BKAOUMTb annapaTtHOe OTKAKYEHWE BbIXOAA
npu otcytcTeum 3anncmn B V4L2 _CID_FORWARD_WATCHDOG_KEEP_ALTVE .
V4L2 _CID_FORWARD_WATCHDOG_KEEP_ALIVE ( u32 )- oTCpO4YMTb OTK/HOYEHME BbIXOAA Ha X
MWIUCEKYHA.
V4L2 _CID_FORWARD_CLONED_OUTPUT ( bool ) - knoHupoBaTb Bbixod, paboTaeT TONIbKO Ha
YeTHbIX Bbixogax y nnat ¢ SDI.
V4L2 _CID_FORWARD_MUTE_OUTPUT ( bool ) - aneKkTpuuyecku BbIKIKOUYUTb BbIXOA, CaM BbIXOA,
MPOAOMKMT paboTaTb, HO Ha pa3beMe CUrHana He OyaerT.
V4L2_CID_FORWARD_COMPLEX_AUDIO_GROUPS ( u32 ) - konuyectBo ayauo-rpynn (ayamo
KaHanos * 4) B pexume complex.
V4L2_CID_FORWARD_COMPLEX_AUDIO_FORMAT ( enum ) -Tun ayamo ans pexuma complex
TO/LKO YTEHUE
o V4L_FORWARD_COMPLEX_AUDIO_RAW_32 (0)- 24 6uta B 4 baviTtax, butbl B MnagLuen
yactu
o V4L_FORWARD_COMPLEX_AUDIO_RAW_24BE (1) - 24 6uta B 3 bawrtax, Big-endian
o V4L_FORWARD_COMPLEX_AUDIO_ST272 (2) - Ayano B nakeTax no craHgapty ST-272
(SD-SDI ayawno)
o V4L_FORWARD_COMPLEX_AUDIO_ST299 (3)- Ayauo B naketax no craHgaprty ST-299
(HD-SDI ayamo)
o V4L_FORWARD_COMPLEX_AUDIO_HDMI (4) - Ayauno B naketax no craHzapty HDMI
o V4L_FORWARD_COMPLEX_AUDIO_ST2110_30 (5) - Ayavo B nakeTax no CTaHAapTy
ST2110-30
o V4L_FORWARD_COMPLEX_AUDIO_AES3 (6) - 4-6aiTHble aes-(ppeinmbl
o V4L_FORWARD_COMPLEX_AUDIOQO_ST2022 6 (7)- Ayavo B nakeTax no CTaHAAPTy
ST2022-6

Ong nnatel FD2110 npefycMOTpeHbl AOMNOHUTENIbHbIE KOHTPOJIbI:

V4L2 _CID_FORWARD_FD2110_STREAM_TYPE ( enum ) - Tvn BMAeO NOTOKA Ha uHTepdence,
mMoxeT 6biTb V4L_FORWARD_FD2110_STREAM_ST2110_20 wunu

V4L_FORWARD_FD2110_STREAM_ST2022 6

V4L2_CID_FORWARD_FD2110_STREAM_BPC ( enum ) - konuyectBo 6UT Ha nukcenb B noToke ST-
2110 (He B dopmarte v412!), moxeT 6biTb V4L_FORWARD_FD2110_STREAM_BPC_8BIT wnu

V4L_FORWARD_FD2110_STREAM_BPC_10BIT

V4L2_CID_FORWARD_FD2110_ STREAM_COLOR ( enum ) - popmat nukcens B notoke ST-2110
(He B dopmare v412!), noka MOXeT BbITb TONbKO

V4L_FORWARD_FD2110_STREAM_COLOR_YCBCR422

V4L2_CID_FORWARD_FD2110_STREAM_ADDRESS_STRING ( string )-aapec notoka B
dopmate ipv4:port wam [ipv6]:port , moxeT 6biTb multicast uam unicast-anpecom

V4L2 _CID_FORWARD_FD2110_ STREAM_ADDRESS ( struct ) - toxe camoe, 4to u

V4L2 _CID_FORWARD_FD2110_ STREAM_ADDRESS_STRING Ho B BMAe BMHApPHOM CTPYKTYpbl

v412_forward_stream_address

V4L2_CID_FORWARD_FD2110_STREAM_SOURCE_PORT ( ulé ) - ans BbixoAa, UCXOAALMIA NOPT

V4L2 _CID_FORWARD_FD2110_STREAM_PT ( u8 ) - pnga Bbixoma, none Payload Type ana RTP-
MakeToB

V4L2 _CID_FORWARD_FD2110_STREAM_SSRC (u32 ) - ong Bbixopa, none SSRC gng RTP-
MakeToB

V4L2_CID_FORWARD_FD2110_ST2022 7 ENABLE ( bool ) - Bkntouutb
nybnnpoBaHue/BOCCTaHOBNIEHWE NOTOKOB MO CTaHaapTty ST2022-7.

V4L2 _CID_FORWARD_FD2110_STREAM_AUDIO_ADDRESS_STRING ( string ) - Toxe camoe
ytron V4L2_CID_FORWARD_FD2110_STREAM_ADDRESS_STRING Ho gng ayaomo B pexume



complex
e V4L2 CID_FORWARD_FD2110_STREAM_AUDIO_ADDRESS ( struct ) - Toxe camoe 4To U
V4L2_CID_FORWARD_FD2110_STREAM_ADDRESS Ho gng ayouo B pexume complex
e V4L2 CID_FORWARD_FD2110_STREAM_AUDIO_SOURCE_PORT ( ulé6 ) - Toxe camoe 4to U
V4L2_CID_FORWARD_FD2110_STREAM_SOURCE_PORT Ho gng ayouo B pexume complex
e V4L2 CID_FORWARD_FD2110_STREAM_AUDIO_PT ( u8 ) - Toxe camoe yTo n
V4L2_CID_FORWARD_FD2110_ STREAM_PT Ho ong ayamo B pexxume complex
e V4L2 CID_FORWARD_FD2110_ STREAM_AUDIO_CHANNELS ( u8 ) - konnyecTBO ayamo KaHanos
B pexxume complex

Mpuem AES3id

Mnata FD788 noseonset npuHumatb noTok AES3 yepes koakcuanbHbi kabenb (AES3id). [lns storo He TpebyeTcs
HWKAKOWM HAaCTPOMKM - MnaTa aBTOMaTM4YeCKn onpeaenseT notok AES3id. Mpu atom V4L2-ycTpoiCcTBO NepecTaeT
paboTaTb, U MnaTa MOXeT ObITb MCMOJIb30BAHA Kak 06blYHAS 3BYKOBAS KapTa C 8 BXoAaMM.



Pa6ota c FD2110

Mnata FD2110 3HauMTENbHO OT/IMYAETCS OT BCEX OCTAJIbHbIX - B HEM NOMUMO BUOEO UHTEP(DENCOB MMEETCS
ceteBou uHTepderic. Camu BUAeO-mHTepdericbl TpebyT AONONHUTENBHOM HACTPOMKKM Ansg paboTel Yyepes ceTb. B
cucteme nnata FD2110 npencraeT B BUAE:

e [1ByX CTaHOAPTHbIX CETEBbIX KapT, KOTOPbIE MOXHO MCMNONb30BaTh KAaK 0ObIYHbIE CETEBbIE KApPThbl

e [1Byx V4L2 ycTporicte n aByx ALSA ycTponcTs, npeactasnstowmx cobon SDI-Bxoaa/Bbixona (kak B
FD788)

e [lo 64 V4L2 yctpovicte n 64 ALSA ycTpolicTB, npeactasnsitowme cobom notokn ST2110-20 n ST2110-30
nnm ST2022-6

CeteBas KapTa

lNnata npeacraBnseT ABa He3aBUCKMMbIX ethernet-uHTtepderica (06bldHO enp*s*dl u enp*s*d2 ). Pabotator
OHM KaK NOJIHOLEHHbIE CeTeBble MHTEP(dENChI - HA HUX 3a4a0TCS HAaCTPOMKM CETU, CKOPOCTHU, HACTPOMKK Sfp u
T.4., MOXXHO NepefaBaTtb AaHHble. EAMHCTBEHHOE OrpaHuYeHue - y Kaxaoro nHTepdenca TobKo 0aHa ovepenb
MakeToB, NO3TOMY NPOM3BOAMUTENIbHOCTb OFPAHUYEHA HECKOJIbKMMM rurabutamm (oo 5). Mortoku Bupeo 2110 B8
HOpMe He NonagaloT Ha 3TU HTepdenChbI

V4L2 un ALSA

Mnata npepoctaenset po 66 ycrpoicts V4L2 n ALSA. Kak 1 B oCTanbHbIX MaaTax, BKIKOYEHME MOTOKOB U
n3MeHeHue HanpasneHus SDI HacTpanBaeTcs Yepe3 nepemMeHHYH B Sysfs

/sys/class/forward/£d2110-<Homep>/io_config

Hanpumep, no ymonuanuto, cat /sys/class/forward/£d2110-*/io_config BepHeT CTPOKY ANUHHOM
66

34echb Kaxablii CUMBOJT - OJMH U3 BXOA0B/BbIXOA40B UM NMOTOKOB, - - MOTOK BbiKAoYeH, I -Bxond, O -
BbIX0o. [MOTOKM MayT B C/ieyIoLLIEM NOPSAKE:

1. 2 notoka SDI, moryt6biTb I, O,

2. 16 BxogHbIX NOTOKOB NepBoro (camoro gansHero ot PCle) ceteBoro nHTepdeiica, MoryT 6biTb TONBLKO
I,mwm -

3. 16 BbIXOAHbIX NOTOKOB NEPBOro CETEBOr0 MHTepderica, MoryT 6biTb Tonbko O , uamn -

4. 16 BXOAHbIX MOTOKOB BTOPOro CeTeBOro nHTepdenca, MoryT 6biTb Tonbko I, uan -

5. 16 BbIXOAHbIX NOTOKOB BTOPOro CeTeBOro UHTepderica, Moryt 6bitb Toibko 0 , unn -

MNpwu 3anucu ctpoukn B io_config nogsarcsa cootsetcTBytowme V4L2 ycTporictea /dev/videoX u ALSA
hw:X,Y . Hanpumep

echo ITT--------------- O e e e T >
/sys/class/forward/£d2110-*/io_config

BkntoumT BCe SDI Ha BXxoa, 0AMH BXOOHOM M OAMH BbIXOAHOM NOTOK Ha MEPBOM CETEBOM MHTEpdelice,
COOTBETCTBEHHO, B CUCTEME MOSBATCS YCTPOMCTBA

e /dev/videoO, /dev/videol - SDI Buaeo-Bxozna
e /dev/video2 - ST2110-20/ST2022-6 Buaeo-Bxo4 Ha NepBOM CETEBOM UHTepdelice
e /dev/video3 - ST2110-20/ST2022-6 Buaeo-BbIxoA Ha NepPBOM CETEBOM UHTepdelice



e "hw:0,0", "hw:0,1" - SDI ayamo Bxopaa
e "hw:0,2" - ST2110-30/ST2022-6 ayono-Bxo4 Ha NepBOM CETEBOM MHTepdelice
e "hw:0,18" - ST2110-30/ST2022-6 ayono-BbIX0oA, Ha MEPBOM CETEBOM MHTepderice

HanbHenwas pabota nAET Kak ¢ 06biyHbIMM V4L2 1 ALSA ycTpoicTBamu

HacTpoiika nnatbl

CeTeBble HacTpolikK (ckopocTb, IP, nomeH, DNS u 1.4.) HacTpanBalTCs CTaHAAPTHBIMKU CPEACTBAMU CUCTEMBI -
systemd-networkd, NetworkManager u 1.4.

BkntoueHue notokoB (3anuce B /sys/class/forward/fd2110-*/io_config) - MOXHO HacTpauBaTb CKPUMTOM, COPTOM
(fopen(), fwrite() unu libudev), nnan npasunom udev

SUBSYSTEM=="forward", ATTR{software_id}=="<Homep>", ATTR{io_config}:="IITI----
___________ O_______________________________________________ll

MNpumep HacTpolikm yepes libudev - forward-v4l2-samples/common/Board. cpp , PyHKUMS
configureIOMode()

Hacrtpoiika PTP

Ona PTP ncnonb3yetcs cTaHAapTHbIA KAneHT Linux - linuxptp, No3ToMy Ang KOppekTHOM paboTbl B cucTeMe
[o/mKeH cToaTb nakeT Linuxptp . Jpalisep yctaHaBnmBaeT cepBuC systemd, KOTOpbIV 3aMyCkaeT 3K3eMnasp
knueHTa PTP Ha kaxaown nnate. KoHpurypauns ong Kaxaown nnatel Haxogutca B dane /etc/forward/ptp-
<number>.conf , ctaHoapTHag kKoHdurypaumusa - B /etc/forward/ptp.conf .

Kaxpabii PTP-knneHT co3gaeT KOHTpObHbIM cokeT /var/run/forward/ptp-<number> ans ynpabneHus
PTP. Ona nposepku coctosHusa PTP 1 ynpaBneHus MoxeT ObITb MCNONb30BaHA YyTUIMTA pmC :

pmc -u -s /var/run/forward/ptp-210020 'GET TIME_STATUS_NP'
Ecnun nnata cuHXpoHM3MpoBanach K MacTepy, AOIKHA MOSBUTLCS NPUMEPHO Takas nHdopMaums:

aa0545.fffe.11222e-0 seq @ RESPONSE MANAGEMENT TIME_STATUS_NP
master offset -8
ingress_time 1786698217752247512
cumulativeScaledRateOffset +0.000000000
scaledLastGmPhaseChange (%]

gmTimeBaseIndicator 0

lastGmPhaseChange 0x0000 ' 0BVVVVVYVVVYYVAA . 0B00
gmPresent true

gmIdentity 8clfé4.fffe.40d0ea

Hactpoiika Bxoga V4L2/ALSA

HacTpoiika notoka ons npuema npomcxoamt yepes KoHTposnbl V4L2 n ALSA. Yepes kKoHTponbl 3a8aéTcs:

e (Dopmat Buaeo (tarimuur) - 1080i50, 1080p50 u 1.4.

o Oxupaemblit TMN BMaOeo-noToka - ST2110-20/-30 unn ST2022-6

e Appec (IP + Port) no kotopomy 6yner Mot BUAEO MOTOK.

e (Dopmart uBeTa notoka (8/10-bit, YCbCr/RGB). Moka noaaepxmeaetcs tonbko YCbCr, 8 nunan 10 6ur.
e Appec (IP + Port) no kotopomy 6ynet uatu ayamo noTok.

lNpumep ycTaHoBKM NnapameTpoB Yepe3 APl V4L2 v 3axBaTta Buaeo npueegeH B forward-v412-
samples/capture-£d21109/



Bcé 310 MoxxHO cpenatb ¢ noMolbto shell-ckpunta, v41l2-ctl wnu qv4l2 :

# Bknwyaem 1-m BxoaHoOM U 1-1 BbIXOOAHOW MOTOK
echo ITT--------------- O---mmmm e - >
/sys/class/forward/£d2110-*/io_config

# YcTaHoBka 1080p50 Ha Bxoape
v4l2-ctl -d /dev/video2 --set-dv-bt-timings index=13

# YcTaHoBka Tuna notoka (@ - ST2110, 1 - ST2022-6)

v4l2-ctl -d /dev/video2 -c stream_type=0

# YcTaHoBKa agpeca v popmMaTa CTpuMMa Ha BxoAe

v4l2-ctl -d /dev/video2 -c stream_address='239.21.10.1:10000'
# YCbCr 4:2:2

v4l2-ctl -d /dev/video2 -c stream_color_mode=0

# 10-bit

v4l2-ctl -d /dev/video2 -c stream_bits_per_component=1

# HacTpomnka ALSA

amixer -c O cset "iface=PCM,name='PCM Capture Stream
Type',device=2,subdevice=1" 0x00

amixer -c O cset "iface=PCM,name='PCM Capture Stream
Address',device=2,subdevice=1"
"Ox00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0xff,0xff,0xef,0x15,0x0a,0x0:

# PaspeweHne BXOAHOTO MYNbTWKACTa Ha CeETEBOM UHTepdelnce
ip a add 239.21.10.1 dev enpls@dl autojoin

Mocne 3TOro yCcTpomncTBa HauMHaT paboTaTh Kak 0ObIYHbIE BUAEO M ayAMO-YCTPOMCTBA - MOXHO UCMOb30BaTh
gstreamer wunu qv4l2 pngTectos

gst-launch-1.0 v4l2src device=/dev/video2 ! autovideosink

Hactpoiika Bbixoga V4L2/ALSA

HacTpoiika noToka ons nepefayn NpoMCXoamT Takxke yepes KoHTponbl V4L2 n ALSA. Yepes koHTponbl 3a8aéTcs:

e (Dopmat Buaeo (tarimuur) - 1080i50, 1080p50 u 1.4.

e Appec (IP + Port) no kotopomy 6ynet uaTM BUAEO MOTOK.

e (Dopmart uBeTa notoka (8/10-bit, YCbCr/RGB). Moka noaaepxmeaetcs tonbko YCbCr, 8 unan 10 6ur.
e HoMep ucxopsauwero nopra

e Payload Type ons RTP (06b14HO 96)

e Appec (IP + Port) no kotopomy 6yner uat1 ayamo noTok.

Bcé 310 MOoxxHO coenatb ¢ noMolbko shell-ckpunta, v41l2-ctl wunm qv4l2 :

# Bknwyaem 1-m BxoaHoOM M 1-1 BbIXOOAHOW MOTOK
echo ITT--------------- O---mmmm e - >
/sys/class/forward/£d2110-*/io_config

# YcTaHoBka 1080p50 Ha BbIXOAE
v4l2-ctl -d /dev/video3 --set-dv-bt-timings index=13

# YcTaHoBKa agpeca v GopMaTa CTpUMa Ha BbIXOAE

v4l2-ctl -d /dev/video3 -c stream_address='239.21.10.2:10000'
# YCbCr 4:2:2

v4l2-ctl -d /dev/video3 -c stream color_mode=0

# 10-bit



v4l2-ctl -d /dev/video3 -c stream_bits_per_component=1
# [lopT MCTOYHMKA

v4l2-ctl -d /dev/video3 -c stream_source_port=10000

# Payload type

v4l2-ctl -d /dev/video3 -c stream_payload_type=96

# HacTpornka ALSA

amixer -c O cset "iface=PCM,name='PCM Playback Stream Source

Port',device=18, subdevice=0" 10001

amixer -c @ cset "iface=PCM,name='PCM Playback Stream
Address',device=18,subdevice=0"
"Ox00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0xff,0xff,0xef,0x15,0x0a,0x0:

Mocne 3TOro yCcTpomncTBa HauyMHaT paboTaTh Kak 0ObIYHbIE BUAEO M ayAMO-YCTPOMCTBA - MOXHO UCMO/b30BaTh
gstreamer wunu qv4l2 pngTectos

gst-launch-1.0 videotestsrc ! v4l2sink device=/dev/video3

Hactpoiika Seamless Protection Switching (SPS, ST2022-7) Ha Bbixoae

[ns nybnvpoBaHMs NOTOKA HA BbIXOAE HYXXHO HACTPOUTL afpeca NOTOKOB HA 060MX MOpTax, a 3aTeM BbICTaBUTb
KoHTpon st2022_7_enable Ha ntobom Bbixoae

v4l2-ctl -d /dev/video3 -c st2022 7 enable=1

MNocne 3TOro, Npu NpoOrpbiBaHNMK Ha NEPBOM NOPTY AaHHble OyayT Ay6AMpoBaTLCS HA BTOPOM, NPM 3TOM aapeca Ha
BTOpOM MopTy 6yayT nogMeHaTbCs. Bce ycTpoiicTBa Ha BTOpoM nopTy paboTtaTtbh He ByayT.

[onHbIn Npumep:

# BkwyaeM nepBble BXOAa M Bbixoga Ha o0b6boumx nopTax

echo ITT--------------- 0------— - —- I---\-\-—\—— - —- 0------— - —- >
/sys/class/forward/£d2110-*/io_config

# lepBbln BbixOA BewaeT Ha 239.21.10.2:10000 n 239.21.10.2:10001

v4l2-ctl -d /dev/video3 -c stream address="239.21.10.2:10000"

amixer -c 1 cset "iface=PCM,name='PCM Playback Stream Source

Port',device=18, subdevice=0" 10001

amixer -c 1 cset "iface=PCM,name='PCM Playback Stream
Address',device=18,subdevice=0"
"Ox00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0xff,0xff,0xef,0x15,0x0a,0x0:

# BTopow BbixOon BewaeT Ha 239.21.10.4:10000 n 239.21.10.4:10001

v4l2-ctl -d /dev/video5 -c stream address="239.21.10.4:10000"

amixer -c 1 cset "iface=PCM,name='PCM Playback Stream Source

Port',device=50, subdevice=0" 10001

amixer -c 1 cset "iface=PCM,name='PCM Playback Stream
Address',device=50,subdevice=0"
"Ox00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0xff,0xff,0xef,0x15,0x0a, 0x0+

# Bknwuyaem SPS
v4l2-ctl -d /dev/video3 -c st2022 7 enable=1

Hactpoiika Seamless Protection Switching (SPS, ST2022-7) Ha Bxoae

[ng BOCCTAaHBONEHMS NOTOKA Ha BXOAE HY)KHO HAaCTPOMTb aapeca NOTOKOB HAa 060MX NOpTax, a 3aTeM BbICTaBUTb
KoHTpon st2022 7 enable Ha noToke nepBOro nopra



v4l2-ctl -d /dev/video2 -c st2022 7 enable=1

[ng BoccTtaHoBNeHUs ayauo Ha ALSA-yCcTpoicTBe HYXXHO ycTaHOBUTb KoHTpon PCM Capture Enable
ST2022-7 :

amixer -c 1 cset "iface=PCM,name='PCM Capture Enable ST2022-
7' ,device=2,subdevice=1" on

Mocne 3TOro, MpU CTPUMUHIE Ha NEPBOM NOPTY AaHHble OyAYyT BOCCTaHAaBAMBATLCS NMOMAKETHO M3 060MX MOPTOB.
B oTnnume oT BbIXOAOB, BK/IOUYEHWE BOCCTAHOBNEHMS paboTaeT Ha KaxaoM nape NoTOKOB (BUAEO-YCTPOMCTB)
He3aBMCMMO. 1-1 NOTOK NepBoro nopta paboTaeT COBMECTHO €O 1-M NOTOKOM BTOPOro nopTa, 2-M NOTOK CO 2-M U
T.A.

MonHbIn Npumep:

# BkwyaeM nepBble BXOAa M Bbixoga Ha o0b6oumx nopTax

echo ITT--------------- 0--------------- I---- - - - - - ——- 0--------------- >
/sys/class/forward/£d2110-*/io_config

# lNepBbin BXOA BewaeT Ha 239.21.10.2:10000 n 239.21.10.2:10001

v4l2-ctl -d /dev/video2 -c stream address="239.21.10.2:10000"

amixer -c 1 cset "iface=PCM,name='PCM Capture Stream Source
Port',device=2,subdevice=1" 10001

amixer -c 1 cset "iface=PCM,name='PCM Capture Stream
Address',device=2,subdevice=1"
"Ox00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0xff,0xff,0xef,0x15,0x0a,0x0-:

# BTopowm Bxo4 BewaeT Ha 239.21.10.4:10000 n 239.21.10.4:10001

v4l2-ctl -d /dev/video4 -c stream address="239.21.10.4:10000"

amixer -c 1 cset "iface=PCM,name='PCM Capture Stream Source
Port',device=34,subdevice=0" 10001

amixer -c 1 cset "iface=PCM,name='PCM Capture Stream
Address',device=34,subdevice=0"
"Ox00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0xff,0xff,0xef,0x15,0x0a,0x0+

# Bknwuyaem SPS

v4l2-ctl -d /dev/video2 -c st2022 7 enable=1

amixer -c 1 cset "iface=PCM,name='PCM Capture Enable ST2022-
7' ,device=2,subdevice=1" on



UcTopusa nusmeHeHuu

Hdata |Bepcus apaiiBepa U3meHeHus
2026.09.02(1.7.19 O6HoBneHue ST2022-7
2026.08.25/1.7.19 O6HoBneHMe npMMepos
2026.08.24/1.7.19 Mopnepxka ST2022-7 Ha Bxope
2026.08.14/1.7.19 O6HoBnenue PTP
2026.03.19/1.7.13 Mopnepxka ST2022-6
2026.01.221.7.7 McnpasneHns oneyaTok M aHIMUMMCKas BepcuUs
2025.12.121.7.7 Mpumepbl Raw-ASI
2025.12.05/1.7.6 [okymeHTaums pexxumoB ASI, Raw, Complex
2025.12.03/1.7.6 MNepBas Bepcus
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