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Abstract: A low-latency video communication system is a key enabler for sophisticated interactions between
remote places. Because consumer video camera products typically do not have clock-input interfaces for the
clock synchronization, a dedicated video frame buffer is required to absorb the clock skew between two sys-
tems, resulting in a longer communication latency. In this paper, we design and implement a low-latency
uncompressed HD quality video communication system using an FPGA board for consumer video cameras
and displays. The proposed video synchronization mechanism is implemented on the FPGA-based system in
order to reduce the jitter between the sender and receiver even with a small frame buffer. The communication
latency and jitter are evaluated using a super luminosity LED and an illuminance sensor. The results show
that the communication latency (without those of camera and display themselves) is reduced down to 1ms,
which is corresponding to only 5% of that in a commercially-available video communication system. This
latency reduction is significant for interactions between users.
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Fig. 1 Latency on video communication systems (Copied from
Fig. 1 in Ref. [7]).
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Fig. 2 Time chart of ideal latency in this paper.
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1 CEA-861W1%% 1 3735 X —% (1,280 x 720 Progressive
60 Hz)
Table 1 CEA-861 video timing parameters (1,280 x 720 Pro-
gressive 60 Hz).

Parameter Value
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Vsync Back Porch 5
Hsync Pulse Width 40
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OO0 ©® O
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Transmitter [ L U LU O L
(generated by camera)

vsync

| Constant Delay |

I |
Required buffer size of 26 lines
(OO ONONO]

hsync
Receiver | LJ UJ L LJ LD L.
(generated by Receiver)
vsync

3 REEHEZEROWEREIE O TR

Fig. 3 Delay of video synchronization signals between trans-

mitter and receiver.
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Fig. 4 Timing of packet transmission on transmitter.
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Fig. 5 Delay of video synchronization signals at receiver side
with RV-SYNC.
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FTA VDR 25 TA VRIELTHS 174 » HOHH
ZFAIRT 5.

4. FPGA RK— RADEE

Kim L Tlx, RV-SYNC & fl V7B IEM S o 2 2 =
r—YaryyA7rLr0o7u by 4 7L LT, Xilinx fO
FPGA T® % Spartan-6 b CEfF$ % HDMI-TS (HDMI
Transport System) % Bi%§ L7z, i L7- FPGA R— Nk
Digilent ft Atlys " — FT&® 1), Gigabit Ethernet ® K —
k% 12, HDMI Input %§ % 12, HDMI Output %1
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HDMI-TS
i S+
' T 16
: VideoBuffer
H MDS Decoder 32768 depth FIFO) YUV2RGB
H 16 12 A T . 1!12 T
\  pixel index ' ;ndex :

Video Buffer| Px¢l| [imdex Timing Gen | index| |pixel |
(2048 depth FIFO)| 16} }12  [(RV-SYNC)| 12} 24

16 12 index
pixel index 12

|TransmiiterGMH | |ReceiverGMII

|TMDS Encoder | |

------ » Pixel Clock Line
—> Signal
== 1/0 Signal

IP Network

6 HDMI-TS ®7av 7 %477 7Ah
Fig. 6 Block diagram of HDMI-T'S.

%20 TV 5,

HDMI-TS (&, 255 & ZEROM S OFERE & #3 L T
W5, R=FEDOATTHB IO IH HDMI 247 %12
&, HDMI 7 — 7 NVERAWTHASB LTt A7 LA %
FNEFENFER L, RJ-45 3427 #1121 UTP 7 — 7 )V CIP
Ay NI =7 IZEHELTWS, K 7ICEELLEY AT L
OFERFEZRLTBY, AL v FrINTafEH L7 1P
Fv N7 —27 FTHD WE (1,280 x 720 60 fps) DIEHAf
WUYR(E%EE T > CWh, 4B, IP Ay T =2 %2FH L7
VATFLTHALIZD, v NI — 71285 S N PC
LoV T Ny 2T THMEGET— 5 OEZEBRIITETDH
L. L, BEMTPIHPC LV 7 Y 27 OWE,

FLTIRET 2 — P = 7 O TH 5 WHg R4
REIFIH T & v,

HDMI-TS ®7 0y 2 ¥4 775 L%E 6 1I/RT.
BTN T OIEE #9234 5.

(1) 2Y NI =270 NIVAY v 7 DON— R 27 FL
(2)BUE T L =L DT A TEDINA T T4 VL
(3) RV-SYNC 2 & % A& [a]H145 75 o [a] ) B

Ak

4.1 HDMI-TS D1t

HDMI-TS %R 2 1R, RAEMAHD 7 X5 T
X, HDMI D H T —7 5 —< v b & LT YUV422 78
—EMICHH ST D, MgET—21, 2OT7+—<y
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7 HDMI-TS Bj{Ea 5t
Fig. 7 Apearance when HDMI-TS is running.

& 2 HDMI-TS Ofl#f
Table 2 Specification of HDMI-TS.

W% A ) HDMI

W% ) HDMI

X IR 1,280 x 720 Progressive
NT—T+—<v | YUV422
Z7L—=4L—} 60 fps

¥y hL—} % 885 Mbps

vy FT—7 1000BASE-T

fER TR UDP/IP

b F FIEEME T IP fmk S, SfEM<T HDMI % 4 L C
TAATVAIERENS. 2O, HDMI OWikE <5
% TMDS I2BWT, AUX (HFFREIAMNEHRERD) &H
MIZLTWhWwidH, #5—7+—<v MMIRGBIERAT
FREND., Lo T, EMTIE YUV IERXS2 S5 RGB
ERANDH T =B %475 T B,

4.2 TMDS Fd—4#&L0I>0—%

K HDMI-TS T, WA #7112 HDMI 2 8RH ¥ 5.
HDMI & TMDS O 5 BEIC L) = a—- FB LT
O — NLEE %479 . Xilink #1252 ft L T2 % TMDS .=
YaA=¥-Fa—-yn) 77 VAT T ) r—ar 3 &
HELICTMDS 72— 4% & Ly a— ¥ Oikit, EExiro 7.

4.3 Ethernet €21 —Jl

HATPH AT ENTZHAZIE TMDS TFa— K&
etk MU TF— BTNy 77l A ENE, 20
Ny 7713 ¥ 27N 2r 0y 7L Gigabit Ethernet T
ENrr7uy r7oEELTHERENS., Ny 771 ¥
7 ENT-WE T — & 1X GMII (Gigabit Media Independent
Interface) £ 2 — )VNIZFELE SN/ UDP 71 b I )L
Yoy ZIZFED TN v ML b,

4.4 FREEHRER
Ky AT ALTIX, Xilinx £ FPGA T» % Spartan-6
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R 3 FWELG UG
Table 3 Result of synthesis.

HH AR | & | HAEE
Slice 759 6,822 11%
Slice Registers 1,604 | 54,576 2%
Slice LUTs 1,895 | 27,288 6%
BlockRAM 57 116 49%

XCOSLX45 FIZHEFE L7z, WmBEEHICMHH L2y —vid
Xilinx ISE 144 Th b, KXY AT 4%, GMII EY 2 — )b
TI: 125 MHz TEfEL, BEMICTIZE 7 v a0y 7T
H5H 7425 MHz TENMET 5. REZEOGHEARIE LR 3
RS, BEED MAC @ IP core &M, MLg@EH
@ Ethernet MAC % 325 L7272, &K HEATAAD
FRE A PR, uYy 7 OFFEED 1%L %> T
B, F77, EREWMHIINY 77 E LTEE 2691 v &%
WTEDFIFO 2FH L TW5 728, f#iH L7 BlockRAM
DIEHEEAE C 49% & > T b,

il L 72 BlockRAM OE|A1%, XEHMT 0.9 %], 2
AT I1EZ EDHTWD, EHEHRITIE, 2 xI056A
TENBEZ®VELTA Y TEINT Y MET 72012
194 5D EZELVBLUE Y LIVONE%7”T Index
#Ny 77 LTwW5h, EEMTENYy 7794 XE1 54
YT TH L. ZEHMO FIFO Ny 7 71, £+ vk
7 — 7 WUER & WG O & Mo E Ao TR Y,
2594 5D EZ N EY 7 XLOME %IRRT Index &
Bl L CWh, S5y 774 X &PdZ &T, /¥
T MPEETLOL ERWINTELLEZOLNL. KD
A7 L THA L7 FPGA T, iAKTHIED 2 BERRE$ T
FIFO /Ny 7 7 DO A4 &P KT B 2 L HUHET, /X7 v
FNOREDY A IV T EWINTE L LEZ NS,

5.

R L THRE L -4 F M TH 5 RV-SYNC % %
%72 HDMI-TS % JH € LAN B8 12 B W\ T4 e &
TV, AN EBIEZFHIT A, ZEMIELRLZ 70y 2
V= ATEET ABUEESEMHAL T 5 720, BgET
V=LK1 7 L — L5 OBIENFEAT HUTREMED S o 72.

FHMEEE I T2 HTH 5.

(1) |ETERV-SYNC 12 X YW BHERIBIE S DY v & 2tk
HETETVWBDPE) PRERT 5.

(2) KA A5 L HDMLITS I2& V), B ATIHhHF1 AT L
A% EORAMZEEL FFED D, BESYEE SN T
WBDE D) DRERRT 5.

5.1 EIEFFMIRIE

22HITHARILBY, EZEMOBIELRT 7 L — L%
#H Y MTAFETIE, 7Lb—LL— M 60fps BLU
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K8 T4 A7 LAREHIDYMER

Fig. 8 Appearance when display processing delay is measured.

30fps D& X, FHAKEEIZZ N1 16.6ms B £ UV 33.3ms
THholo, BIEFEMTEE LTUTO 2 00BEMIEZS
ns.

(1) BEEREIZE D 7L —LEDFHK

(2) ZHHET X BIRERERT A%

(1) T, ZEMOT A ATV LZEMOT 1+ AT L
A OWMEH 2 FHHAY 2 7 ThgL, #XE/O7L—24
Kozl T4, WHRREBR CIREZ EHl§ 2B
COFEFHCLENTEL 7. L2L, ZOFHEIIHE
WIZ7 L—AZEoEBEeHlT 5720, EEi%aHIA
#E L,

(2) T, ZRFETO1OTHLBEEL F 2T, B
HOXEZEL TCHrOHEEL YT LTI TORELY
FPGA (2 X ZFHAIMIEE CRlE T 5. HEWOHN X ZIZHE
R LED 2 3% L, EMO T 1 A7 L A OF%4EHTIC
WL 2 HRET L. 20O LED LHEE+E Y3k FPGA
A= F o GPIO IZHHi L THB &, LED 2554 LT 6|
FEl Y EHmTAETTCOIUy A TNV ERD S,
F 72, FHAEIEAIIREEZ FF/-8 5 2 &, HENIC B &
SEHIDSTTREL 2 ), (1) & HAT, E=M 7% BEGRIED
FHIAY L 9w,

K LT, WAMZIEBLZFHNMA T, BEDOY v
ZHERMICEHIT A, Lzd >, Eibo (2) TRYFE
WA A EREL, BREMEEELFHNT LI EICLT.

X 8 ITRT LI, WATDOL Y XIZBWTHEERD
MR LB RA Y MZLED 2#%BET 4. FEIZ, 71 A
T LA OEERBNECTH LI EICIBE Y VW (6] % i%iE
T4, BEENNO 7Oy 254775 0 %R 9 1RT. X
DAL LED OO #ETB L BIELZELLTBY, E
WERIRE T — T VNORIEZ K L TWw b,
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HD Camera
HDMI—‘”'FS Send
HDMI—‘TS Recy

Dls‘lr)lay

X 9 AR BRIE

Fig. 9 Delay measurement environment.

5.2 ETAIZEHIE
ARFHAZFTlE, FPGA RIZEEEIN-0Y v 7ICE 05
HEHG LED 2558 LThrb, BEL VY2 T4
TORMEZEHIT 5. ZORMIZIE, BTy 73T
DIEHFx %> TH L, LED 2L 5% FTO LED UBHE
& B 2B L CEAE 7 ICAIRT 5 £ COMRE
b U RIGHEI S E FNTVAE, SO L, SRR
ZRRZEDE L AR S 0, SR OMIEASLETH 5.
ZITCHEL YL LED 2 EH % &, FHllgR0mE
ZEH 5. 480 MIOFATIC L VD, P 9.6 us, FEHE(R 2
05pus Eol, RTFNA A2 LG I 2 =7 —
a v v AT LAOBREERFHIT A0S, BENFEOMREE
BT 5L, ms A —FTHEMiTRECH L L EZ LMD, L
ML, NHOBRIEL BT A1, ps 4+ — 5 OFHIFEE LS
RO SN BARENED D B DT, WEEDIRIEZ MF T A BRI
O T BT 5.

5.3 FHEixIR

HDMI-TS B X UBAfFOMYE I I 2 =7 =2 a VAT
LI B BBAW R IRIEIC oW TEHE, T 5. AFEW
BT I Ay —vary AT AEDORKELT, 2
Z Tl& Skype, Polycom #: HDX8000, webRTC 7 L — A
T=2%FRA LT 7)) r—2a v, DVTS[8], [10] % bk
WREL, SNOIELANRECHHCTCEL T 7)) 7r—
YarThb. %, Skype LBEILEEMBET L0124
=%y b EDA == — FIZERTAILEND S
A, BEEICBWTIEFE LU LAN NOEEELZEZLNA7-0
LANBEECTOMGII 2= —2a vy L Ra$ 13).
KAICHBIMHT AV AT LERT. YATLICES
T, HIELTWAFHEERN G 7 L —AaLb—F, I—FTv
INRL DL, SHIZEHAOAATRH LR E, TRTDOSE
HEZFHZCHFMT A E3H LY. /2, BHY AT A
DNERRIEZ IR HEHIIT 5 2 & ARREETSH 5.
22T, B 10 ARG CHEH T 2 BIEOERERT.
FPRMIC, a3 a2y —2a r AT L EHET
WCHARXATGTETFTA AT LA BETEA ¥ —7 2 4 XA TH
T5 (LLLIE, EEIATETFTA AT L, ZHEETE S
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£ 4 MR
Table 4 Evaluation targets.
HDMI-T'S Skype webRTC DVTS Polycom
AR 1,280 x 720 1,280 x 720 1,280 x 720 720 x 480 1,920 x 1,080
fps 60 30 30 30 60
a—Fv 7 JE A VP8 VP8 JE A H.264
H AT HXR NX70J iSight iSight DCR-PC350 EagleEye 111
TA AT LA Dell ST2210 | MacbookPro | MacbookPro | bV =+ 1o»% | KDL-40EX500
- ‘}g’ K6 MEIIL=br—2 a3 I AT ADEHEEDY v ¥ (ms)
E‘ > < Q > Table 6 Jitter of total latency on video communication sys-
S E E (§~. .E tems.
< > o = > N > o
O lwomi| -Z S | bus ol bus 4 HDMI-TS | Skype | webRTC | DVTS | Polycom
a A © qu) A L ONA 69.9 | 252.4 843.1 | 342.7 333.9
- > /Ml 38.1 | 143.0 394.3 | 274.3 248.4
HDMLTSO5 & Skype, Polycom, webRTCO Sy 31.8 | 109.4 448.8 | 68.4 105.2
o)
s g BIEZRLTBY, AFHEIE (A) L EMHELE (B) 02T
1 IE i |
S 3 ~ 2 WERBEE, 2—Fv s, Ay FU—2 7O RALR
S| b | =] A 57, oy MU= ARHGRIE & AET L IR IE LAY Y
A B B REECTIE, BEREAHAGIZ1Z 26 7 1 ¥ 5 OJEIE
> (578us IHI%) 122 & 3 CRERT L7z, —%, ERICHsE
DVISDE & L 7-45 R, RFEHETH S HDMI-TS 1L 866us TH -7z, &

10 &Y AT AIBIT B EHRIED HIE B
Fig. 10 Direct delay measurement environment for each sys-

tem.

x5 MEIIa=F—Tar I AT LOBEGHIKER (us)

Table 5 Mesurement result of latency on video communication

systems.
HDMI-TS DVTS | Polycom
HEHELE (A) 69,879 | 342,665 | 353,654
HAHIEIE (B) 69,013 | 128,458 | 333,880
TSR (A-B) 866 | 214,207 19,774

WIBEICV AT LML, TLEL—KIRET)) BE
BHERL. ZOLEFET HYUEOEIE* BFHEL & EF
5. 0, BB AT LEFH L TREZIT- 7256 D
I T GEHEIE L EFKT 5.

5.4 EIEFTE

HRATRT A AT VA EEOBREIHAE L v, FG
T332 —ar Y AT LETIRET B MEEE DRI
DFHIFERER 5 IRT. BEHBIEL, 7 X T06 T4
ATVA R EATHUED IP REFR 2R L TWw5 . ER
BERELE, B AT ET A AT LA ZERLI2E & OIEEFER
R LTWwa, FHllTld, AFHEER L OEHRBILY 21
ZN400 HEHIL, FORKELZHEHLTW5. BEEE
&, AT ETAAT VLA ZET R VEZEROTHRMO
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TITEFGEIE (7 A9 BXUT 4 AT LA ONERIZIE) @
MEBRAEIZLDLDTHLEEZONL., K5IRTESD

D, TA AT VLA BLOIN AT %E&F v HDMI-TS OiF
iE (A-B) 3AFHREICHNTERMIZ/ANES L, 1ms PR
IR BN TET.

Polycom &2 —7v 7 & L TH264 2L TEBY, 7
L= LAHEMO 7 L — T LV 7 L —2 %Ny 77
LTWwWa, /2, Ay MU= 70 b aVAY v 7 OEE
DB X VRIEIZH 20ms TH - 72, DVTS 1349 214 ms
DEIETH o7, COWR LY, RFEHETH S HDMI-TS
1Z Polycom @ 5%DEILIZE THIR CE /L vz b, 20D
IO EETH 5.

5.5 v ZFH

K6 WMEII 2= —Ya Y ATLDARXTIND
TARTVAETOEENEIEDY v ¥ 2R L TWwAh, Th
FNOEHIZDWT 400 [ ORBIEFHI 247V, kKMl & i
IMEZIRL T A, 51, mAEER/MEDZEEZRL T
BY, GEHEIEDOY v Z IS T L. Floomesta Lz
& 2%, HDMI-TS Tl 45.7, DVTS Tl 240.3, Polycom
T3 228.0 £ 72 V), HDMI-TS TIZ5EA/NE W T & AR
anz:.

RERTH L HDMIL-TS 1F, EILEDOY v #13 31.8ms T
Hol. TNEHATD60Hz DFMTITONL 7L — 24
A% ¥~ (16.6ms (2HY) B L OREHTIrbLE T 1 A
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TLAND 7L —21) 7Ly ¥a (16.6ms [2HY) 25
WLCTHETLY vy THLEeEZONSL, DVTS 3%%
B TI—F Y 7ICLAMMEZ > TRV, DV 7 4 —
< ME DV BN T T L — ANEMmICE I wW T v
I—-FBILOPTI—-FENDL/OBIEDY v 713 68.4ms
THY, Polycom &) /NS WEELRTEX S,

Skype, Polycom Tl&, 7L —AMEMIZEDS VTV
I—-FBILOPTa—-FENLLD, 7L —20DTY v 7
HHEEZONL, FNEFNOREDY v ¥ 1%, Skype 75
109.4ms, Polycom %% 105.2ms TH-o72. TOHFR LD,
HDMI-TS (ZBIED Y v ¥ % 31.8ms I F Tz BT &
WCTE/Z, TNEERLAEIATOTL—2AF Y B X
NTAATVLADTIL—=2) T Ly a7 ThHAbH
33.3ms ICEBLTWAE, IhEEFICRKL 7L —2%
@yvyﬁﬁiﬁéT%Eﬁ%otﬁ,977&<ﬁ%f
ETWVWELEERTE A,

5.6 &

ARFHILTIE, 1GbE TP LAN Bl % 485 L€, $2R[[EL
HeHE RV-SYNC O 70 b ¥ f T ikatFER Lz wRt
k7 —2 % 1Gbps #*5 10 Gbps, 40 Gbps (2R84 L 72
BaTy, HHLFAMEELZ 20T BTS2 & TH
HufeTh 5.

Mg a3 2=4—3 3 LT, 1Gbps 225 10Gbps ™~
IRt 35 2 & T4K (# 6.9 Gbps), 40Gbps Tl 8K
(#) 31.8 Gbps) ZVEHY % fR1GEE O IEIEMG % DS BE & 72
B, FRGENPRKEL RBIZONT, 17&~A%tb®ﬁ
BEMSHZ 1T L—LG0Ny 7 7)Y T ORI
ﬁszAi,ﬁﬁMH%74/ﬁE@m%@E~ﬁm
ThYe, 82 74 YR 4]) 2HEMTE 5Ny 7 7 A
AL TH D, FD0, 4K R SK \ZfFHGEZ Ik S &
LY, Al FPGAWD ) Y — ATIENy 7 794 X8
B iz, DRAM RSNy 77 2RI HULEND 5.

F 72, 1Gbps OFFIRIEIZ S HIZHFF N v M &BINT
LR, Mgy v DF A IV THEETH Y, WE
F= I HPHEIHRDO 9HEHEOTWALEI LW THS. L
ML, AT—7F—<v bFYUVA22 205 YUVA41L 1%
g2 7% EERMNTME T EHA T A 2 & T 1Gbps Dl &
WHTE AWM HSH. — )T, 10Gbps I[ZJLEFHAILT
B L CIREMBGICMA CTEAE Ny PHERT L&
AUREE B

Ky AT L THEH L7 FPGA F— FTIZ 1GbE D 4 v
FNT—=0 42T 24 A%HEHLTEY, THITHERS
IR & B {24 AY 0] BE 7 fRME 13 1,280 x 720 60 fps
HIRRTH D, BB~ OFEL R T 554, Lkl
72EIIZ10GbE DA > % — 7 24 AR 40GbE DA ¥ ¥ —
7 A A%&ET L, BlockRAM % X D% T 51 =
Y F% FPGA 2T A2 T, 4BERLTL 25
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FRALEE DML DIET MBI T E B VAT L2 EHT
&%. ¥/ 14T K% FPGA 2817 % BlockRAM %
KEGEHTAZET, X7y FOFESA IV TDY v S
T EbEETH 5.

6. F&&b

KT, A7 varkedR)ugr 7)) r—
Ta VIZInH T & ARRIE 7 LR Y A T A % FPGA
FICEEETEE L. REHAIATRTFT 1 AT LA TIL, %
ZEBOBAZFIE 5 ORI Wi, EZEREIC
17V —=L50Ny 7 7% A0LENSHY, EIEDFRK
Lo Tz, KFHXTiE, IP & v b7 —27 ETREZERH
OUEFRM % FEHT 572012, WG/ v bOFIES A 3
VT CEEMOMUERINES * AR T AFMEY 2 -1
RGN L7z, R EHOMGRUES O Y v & &5k L 7:
m%,mﬁmsmifumiézaﬁfst.it,vx
LIIBITBHEIEIF 1ms IFICHIZR 22 & ATE /2.
ﬂb RV-SYNC # fif 2 72 HDMI-TS T& 5 A%z
Digilent 123 F 3 5 FPGA #%Fla2 > 7 A 2BV, l
WRETHERBL, EBKES~NHYT 5% EEEOEREIC
BT E CFFi S 7z [5).
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