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Virtualized functions

Cloud-fit
Distributed and on-demand workflows

lll. Auto-Provisioning mated resource managemen
AMWA NVOSIIED Network Ctrl & Device connection mngt 'or more flexible and

AM__WA._DMNW

. Elemonmym More flexible and efficient workflows
VSFTR03 { ST 2110) Transport of uncompressed esse New formats supported like UHD
SMPTE ST 2059 I 7y and mezzanine compression

Start implementing IP
with current workflows
Ease remote production

t

Current and mature technology
Available for many years and evolving

<38l 2> ST2110 milestone (£X{ : JT-MN)

89

20234 4¥



e

o= o]-7§7_<1

S= v

02 A% 4 9lr}. T3, ST21109M &
NMOS APIE AFg-3}o] tlufo| A 7he] A% 214 1l =)

542 £9% 4 9197 NMOS APIE Hato] 2 7he]
W 9 e UEFS FY3tvi, o] Faf 512110 7]
whel W A H S B8 02 £88 5 ot

2. NDI 7|9t & % 7|&
NDI(Network Device Interface)= NewtekollA] #|Qt

shal AE3E 71E R AR W 2 ProAVe] £318 7]
ot} NDIS =5taA} shs i ) Al 2 L 2 3
QAo SDK HE| 2 71&-S A&sls T2 vlAe SDKe}H
5 WA SDKE A3ttt -5 M9 SDK+= 50l
Ed |t Zyqle] = vt s A e 7

5 A3t = W79 SDKE NDI Al E 7] ¢4

(1E L&A A AelF 5 9 ofe] APIE AT
o] 159l 715 & FRY 5 Y5 Pk, NDIgke o]
£ 54 53 U AETHE NewtekelH TE0] §

&9 A 714 S BT B Ao] B8 A B}

NDIE 7} Y|E|F0o] ¢AEo] § S mDNS

M 70

(Multicast Domain Name System) X2 EZS AR3-5}o]
Po]l 3k RS AA] YT NameS 7[Hho g 7AM o
A 9t} E8 mDNS W4 o] 2] &= RDS AMH E 2§
slo] Au] 7]uke] Discovery & Registration & == QJt},

NDI= ST21103} €} AV over IP 7]%&0] UDP 7]yt
Multicast A4g F& AM-3}= ZAof| v]3] TCP, multi-
TCP, UDP, RUDPE 2.5 A 93} Multicast & Unicast
A48 8 %

ST21100] HRHELR HT9/0H0 S Hgae 4
o ®]&j NDI= AHA| 7]=¢] Z9& AH8-get. NDI9| ¢
Z wpA 7 #AEsho] ‘High bandwidth NDI”, “NDI HX,
‘NDI HX2’, ‘NDI HX3’ 2] "#H2] o] 9t} High bandwidth

NDIE= Newtek AHA] 7|&2 7|dst Fdog QZH =
g ohy7] wlEe] Aesl= & 4 gl DCT 7|Hke]
MPEG2 2el9] 1Z8|9& }5ate dnelds I A

88t= 2o 2 vhotebal glrk. NDI HXE H.264 295
AH8-3131 NDI HX2% H.265& AR89, 2o *H%?ﬂ
uH g ¥ NDI HX3+ H.264 & H.2652] GOP A}o]
12458 dAsto] AFA | vt ¢S
£ 3h= Aot}

/~ oh:

aaéf

PRODUCTION STUDIO

<383 > NDI 7t 2 HZ ALAE A E (B4 : nditv)

&1t 0|o|of H28F 2%

90



NDI % AV over IP 7|& H|w &

NDIE ST2110, DanteAVS} H|aldlo] U ES A
Z¥ A 2t gro] F71stel it o] wleksitt, &
Al NDI W A&50|4 4& Genlock®} 22 7|1%S Al&3}
A5 PTPE AHE-gH w2l of H] 3l A3tz "ofzict, dA)
TEAA = NDIE A Yol vt & 29 %] o A Frame
H 3 A ALGsto] A2 ThE 57 Epo]R & 2 H]

o A5 E 5788t gl
3. Dante AV 7|dl 8t X% 7|

Dante AVE 7|2 Audio over IP9] 91744140l A A7}
3 & 4 3lth. Dantew= IP 7]9ke] 0] @ AES 418t 7]
&2 HA| ProAVel Ho] AME-E L Q)T P 7|kl Q.
9 AFo|HAE PTPE AHE-3to] AR A AES &
o}, Dante AV 9JA] 37 E50] o} Audinate =9 2}
ol 79k 7|00l U 5-o] Aget 7|ed AR E &
+ §lou 7]E Dantedl] H|H Q&= o] AT Sl
71€2 ¥x @ A 2t} 7|& Dante AVE Hnfo]

AT E

Q=

<

%)

[> A
ol

he
o] Ay 528 93l H-§ Dante Controller
o]

dloj2 47 Discovery & Registrationd 4= 3t}

&8

Audinate® #H< Dante AVY 7]&Z Dante AV
Ultra9} Dante AV-HE %E3}9i}h, Dante AV Ultra:
JPEG2000 AHE-3FH JPEG20002 wavelet 7]4F Q43
WA AHgsel TF A9 o] e

Dante AV-H¥ NewtekAle] NDI HX 9} H] <=3t 713 &)
71€ gheldo 2 Holm vt @ Fd| o 2 JPEG2000 thAl
H.264, H.265% A}-g-3ht},

Dante AVE WH2 02 488 571342 FAlet7] 9]
& ST21103} H]£=8}A] PTP(Precision Time Protocol)
£ A3 o5 | AAY YL o HFo
7Fs3htt.

lll. NDI 7|&
1. NDI 2!
NDIZ} t}& AV over IP 7|&E5 0 H|ajA] AR W4
2 53] Streaming A W] 2 o|A] FERGE o] f F sh

© NDIZF A6}l 9l 9ot}

High bandwidth NDI 392 MJPEGZ} H]S:3] Ho]

NDI® | HX
A:V'UEéSOW/K : AV-UHS500
Other PTZ cameras &
: Q‘ NDI 1/F unit R Converer UL
NDI®/ E AV-UHS5M6G g
NDI® |HX & + :
i : NDI®:
AW-UE100W/K N . )
------ Network Switch Streaming
AW-UESOW/K ~ “"7%%% - >
:
: Live Streaming Software
NDI®
m lllllllll
CG

<2/ 4> NDI A|AEl 24 off (ZX] : Panasonic)

91

20234 4¥



e
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T4 T e Aol gk 9E 2] NDI¢] Profileo|ztal & 4 it}

53] /W 7|9k HAstd Htle IS Adgit. o] NDI HX2+= NDI HX¢} 2o] 5 th2 Profileo]™ NDI
AL 18129 H|T Q.S encoding & decodings}?] ¢4} HX7} H.2642 A}$-3Hc8 NDI HX2E H.265 Z91S A}
CPU glazg A/ AR & 955 §/W HAs)et Zlo] &g},

o, H]T]© A5 encoding & decodingd}?] $J8] 2o=2 NDI HX39A& 7120 da] 2ol 9= H.264,
Sh= CPU glans #4814 Jobd F& CPU A 5 H.265 295 AHS3HH Low latency 45 Z2HeS BX
H2 S/W 79ke] of 2] 7} MUl AE AlF T < e A 4 Ys AHS8EAl .01 GOP Afo] =5 2 oY= 8o T

o] €r},

g5 WH /e A

ethernet© & A

L S ] flo] Aujeh 22 A

Interface Card)Z

only, &
N3 E UTP 7149 Gigabit
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CODECs for NDI

High Bandwidth NDI codec : SHQ (FPGA 7+§)
+  NewtekO|M X|33t= native 2 G
+ DCT?|%8t2Q| Intra based visually lossless= %
* 1080p60 : 140Mbps, 8bit 4:2:2
+ 4K60p : 250Mbps, 8bit 4:2:0
» Latency : ~2 Frames

<

<

NDI HX (&& ASIC)
+ H264 2 AL
« |, P frameAtE
* Inter Frame Interval < 100ms
» Latency : 5~10 Frames

v NDI HX2 (&& ASIC)
« HEVC G At
+ |, P frameAtE
* Inter Frame Interval < 100ms

v NDI HX3 (Quality, Bandwidth, Latency = High bandwidth NDI)
+ H.264, HEVC 29 ALE
» | frame only or GOP = 2
Bandwidth > 60Mbps
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NDI & AV over IP 7|& H| 2! 1%}

IP Transmission in NDI

v' TCP, UDP

v RUDP
* Reliable UDP

» NDI version 50| C|ZE &4
v Multi-TCP

« Multi Connection A&

» NDI version 40| A C|ZE &4

v Unicast / Multicast X| ¥

v MESYAo| HAL JSONEMO| configurationWAl S ALE
NDI source2} NDI sinkAlO|of| XtS22 ZX|, HAT

v' NDI device2| Detection&Registration mDNS = RDSMH} Z2
A X

<726 > NDI IP & 24

e - o X
Hle Edt View Go Captue Analyze Statistics Tlephony Wieless Tools Help

Am® BRE ] k= ®Ra |

(W ipaddr == 192.168.055] -]+
No. Time Source Destination Potocol  Length Info |
2347 25.434262 192.168.0.55 192.168.0.77 QuIC 1374 Protected Payload (KP@), DCID-82a255¢f1e12a6f0f9
2348 25.434327 192.168.0.77 192.168.0.55 QUIC 1294 Protected Payload (KPO)
2349 25.460115 192.168.0.77 192.168.0.55 QuIC 53 Protected Payload (KP@) —
2350 25.461041 192.168.0.55 192.168.0.77 QuIC 62 Protected Payload (KP@)
2351 25.461237 192.168.0.77 192.168.0.55 QuIC 1374 Protected Payload (KPO)
2352 25.461440 192.168.0.55 192.168.0.77 QuIC 1454 Protected Payload (KP@), DCID-82a255cf1e12a6f0f9 ]
2353 25.470534. 192.168.0.55 192.168.0.77 TP 60 5961 » 57901 [ACK] Seq=164 Ack=766 Win=64096 Len=0
2354 25.487042 192.168.0.77 192.168.0.55 QUIC 53 Protected Payload (KP@) —
2355 25.487917 192.168.0.55 192.168.0.77 QuIC 62 Protected Payload (KP@)
2356 25.488177 192.168.0.77 192.168.0.55 QuIC 1454 Protected Payload (KPO) L
2357 25.488721 192.168.0.55 192.168.0.77 QuIC 1514 Protected Payload (KP@), DCID-82a255cfle12a6f0f9 —
2358 25.513977 192.168.0.77 192.168.0.55 QuIC 53 Protected Payload (KP@)
2359 25.514822 192.168.0.55 192.168.0.77 QuIC 62 Protected Payload (KP@)
2360 25.515034 192.168.0.77 192.168.0.55 QuIC 1514 Protected Payload (KPO) ]
2361 25.550722 192.168.0.55 192.168.0.77 QUIC 62 Protected Payload (KP@)

2366 27.180824 54 57901 - 5961 [ACK] Seq=766 Ack=165 Win=2096960 Len=@

2368 27.181240 192.168.0.55 192.168.0.77 Tcp 60 5961 - 57901 [ACK] Seq=165 Ack=767 Win=64096 Len=0 —
2369 27.182557 192.168.0.77 192.168.0.55 QUIC 57 Protected Payload (KP@)
2371 27.432976 192.168.0.77 192.168.0.55 QuIC 1514 Protected Payload (KP@)
2372 27.460735 192.168.0.55 192.168.0.77 QuIC 62 Protected Payload (KP@) [
2373 27.461009 192.168.0.77 192.168.0.55 QuIC 55 Protected Payload (KP@)
2374 27.463005 192.168.0.55 192.168.0.77 QuIC 68 Protected Payload (KP@), DCID-82a255cfl1e12a6f0f9 /]
2375 27.463249 192.168.0.77 192.168.0.55 QuIC 62 Protected Payload (KP@)
2376 27.464358 192.168.0.55 192.168.0.77 QuIC 64 Protected Payload (KP@), DCID-82a255cfle12a6f0f9
2377 27.464606 192.168.0.77 192.168.0.55 QUIC 56 Protected Payload (KP@) —
< >
Frame 22: 60 bytes on wire (480 bits)][ 2000 18 c@ 4d 81 ac 4f @@ 15 4c 01 0@ 5@ @8 @0 45 00 M0~ L--P--E
> Ethernet II, Src: Saunders_01:00:50 ( 00 28 37 2f 40 00 40 06 81 cc O a8 @0 37 <0 a8 - (7/@-@ 7
> Internet Protocol Version 4, Src: 192/ 0020 00 4d 17 49 e2 le e4 92 @Oc a7 4 53 26 @b 50 11 M-I S&-P
Transmission Control Protocol, Src Por| 0230 @7 d3 21 2b 00 00 00 0@ @0 00 00 00 1+
1< — | —
@ 7 wireshark_OI G2 40QI3T1.pcapng || Packets: 2418 - Displayed: 691 (28.6%) Profile: Default

<38 7> NDI RUDP(Reliable UDP) 2E Z2EZ 24
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NDI & AV over IP 7|& H|w % 61

4. SRT(Secure Reliable Transport)2}
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NDIE of8] 2% REE 88510 LAN 373 ¥ ojfe}
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o] 27} Zo]== slow start ZLE|E 07 A7 |t @
Agole AshA gt
QUIC ZZEZF SRT ZZEZL & t} UDP 7|4k
A% g0 2 7)1E TCP 7|4t Aol Hd & Heslo]
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Qb o] Az e vt e A%L sl e A%
xzEZol 5 2teke] 5431 Aubdol Atk
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Aol k.

Hheo], SRT TR EZ2 S2 oMgA)S =5 uad
ZREEE, ¥ EH@'% SR HBA HES A
g}, A A A E
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S a0 OFETE 4 9)
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ACKs being received,
SO increase rate

Sending Rate

X loss, so decrease rate

time
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Source Network Transmission Destination
s+ (e.g. Makito X Enc.) y  Dirty Networkiintroduces: (e.g. Makito X Dec.)
bps b/w Limitations, Jitter, Delay, Packet Loss

Feedback
Variable

Bitrate

[Encapsulation incl. Network Time Stamps >

I\!/IIIIIIL LLIEELE L.

Sender Buffet t Receiver v
>2xRTT Buffer

Constant Frame Rate Reconstructed
E.g. a Video Frame every ~33ms A Video Frame every ~33ms
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[] http://nditv

[2]  https://www haivision,com/blog/broadcast-video/created-srt-difference-srt-udt/

[3] https://specs.amwa.tv/is-04/releases/v1.3.2/

[4]  https://specs.amwa tv/is-05/releases/v1.1.2/

[5]  https://pro-av panasonic net/en/products/NDITech/

[6] https://dvnest.com/user_20220628/, “O}2|2TV, NDIZ ADIE 2jo|E AELC|Q 2=
[7]  https://www salrayworks.com
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