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In komende 5 -10 jaar wordt 3DTV een realiteit voor de
broadcast industrie

In dezelfde periode zullen de trends naar hogere frame
rates en hogere spatiéle resoluties plaatsvinden

Voor full immersion zullen de trends  naar 2D + Z (3D),
hogere frame rates en hogere spatiéle resoluties
gecombineerd moeten worden om het beste resultaat

te verkrijgen
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Full Immersion
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2D+Z multi viewpoint
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Samenwerken tussen partners bij €één bepaalde applicatie
wordt al veel gedaan
« Innovaties zijn vaak nodig in de hele keten, je hebt elkaar nodig!

TritonZ heeft echter partners die werken aan twee
verschillende applicaties:
« Heel nuttig als er overlap is in de te ontwikkelen technologieén!

« Geeft kritische massa: stelt partners in staat om thema's op te
pakken waar ze zelf te klein voor zijn

« Verhoogt efficiéntie door actieve kennisdeling

« Voorwaarde tot kennisdeling is echter dat er geen concurrentie
tussen de partners is!
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High Data Rate

Jochem Herrmann — Adimec
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Main areas of development

* CMOS image sensor: 12 Mpixel, 10/12 bits, 180
frames/sec

* Image processing: 12 bits, 2 Gpixel/sec

« Digital interface: 25 Gbit/sec
Will result in demonstrator at end of project

» Will be showed at Vision Show Stuttgart
Rest of presentation will focus on the new digital
interface standard: CoaXPress
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Cod)lPress Tgﬂﬂ

CoaXPress is a revolutionary new digital
interface technology -

Single coax cable
High speed

Long length
Power and Control
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From Camera Link (2000) to ... &RD[ DJDLQ
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CoaXPress Connection TRIT®HN
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CoaXPress versions

Scalability is a major strength of CoaXPress

TRITON
2

CoaXPress version Camera Link equivalent Capability

CXP-3 Base 3.125 Gbps 100 meters
CXP-6 Base, Medium, Full 6.25 Gbps 40 meters
Dual CXP-6 (2 cables) 12.5 Gbps 40 meters
Quad CXP-6 (4 cables) 25 Gbhps 40 meters
N cables N * 6.25 Gbps 40 meters

Comparison with Other Standards

TRITOH
2

Ministerie van Economische Zaken

Excellence in Imaging

CoaXPress Camera Link GigE Vision IEEE-1394B IRID-E10]
3G-SDI
. 1.25 Gbps - 2 Gbps 1.45 Gbps
Slicelieed 6.25 Gbps (Base, 1 cable) | - GPPS 768 Mbps (HS-SDI)
N x 6.25 Gbps 6 Gbps 2 Gbps 1.6 Gbps 2.9 Gbps
Llaipesd (N cables) (Full, 2 cables) (2 cables) (2 cables) (3G-SDI)
Link Cost Medium Medium Medium / High Low Medium
Complexity Medium Low High Low Medium
. Custom Complex, mass
Cabling Coax multi-core Cat-6 produced Coax
Max Length 130m/40m 10m/7m 100 m 45m 130m /100 m
Data Integrity CRC None CRC / Resend CRC CRC
el Yes Yes No No No
Trigger
R @Y 13 W/ cable PoCL: 4 Watt POE: 13 W 45w No
Cable
P 3 -
‘CATR=ENE . Adimec




CoaXPress Features & Benefits ~ TRIT®H
2

Digital video, control, GPIO, triggering and
power over one cable

Coax ease of use, flexibility and reliability
Camera Link timing accuracy

Camera Link speed and higher

GigE cable length

Support of legacy coax cables (analog systems)
Plug and Play

Adimec i;:iﬁfg/rass valley
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European MEDEA+ project ASIC-CCD researched high speed
interface options

o Partners Adimec and EqcoLogic started working in 2007

0 Technology demonstrator at Vision Show 2008

o Decision to bring the technology to the market

CoaXPress consortium formed early 2009

o Adimec (NL) Cameras

o Active Silicon (UK) Frame Grabbers

o EqcolLogic (BE) Transceivers

o Components Express (US) Cable solutions

0 AVAL DATA (JP) Frame Grabbers

o NED (JP) Line scan cameras

Current work supported by MEDEA+ project TritonZ

q....  Adimec (G grassvaley
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Goal of Consortium was to make first version of the specification and then
transfer for standardization

o Inorder to be successful CoaXPress needs to be a World Wide standard!

Japan Industrial Imaging Association (JIIA) is hosting CoaXPress
standardization

o AlA and EMVA agreed to support through G3 agreement, this will make CoaXPress
a world-wide standard from day 1!

Formal transfer to JIIA took place during ITE show in Yokohama (December
2009)

Release Candidate of the standard will be presented at Vision Show in
Stuttgart (November 2010)

Formal (V1.0) release is planned in March 2011

Many interest from other markets like Military, Medical, Traffic and Security:
handled through consortium

., [— Adimec C‘i/grass valley
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TRIT®H
2

CoaXPress won the Vision Award 2009!

Unanimous decision of the judges
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CoaXPress in more detail TW’W
2

Upto
Upto 100 Metres | R i
igl y | dovmiink
ng'h' | i Frame
Definition ¢ e
sl ' :‘T EQCO Camera
e - 75Q Coax 62R20 = Control

s | Electronics

EqcoLogic EQC0O62X20 chipset in standard CMOS

EQCO62T20 = High speed cable driver with integrated low speed receiver
EQCO62R20 = High speed receiver with integrated low speed driver
Video data, camera control and power over single coaxial cable

Low voltage (1.2V), low power (<70 mW) operation

. [r— Adimec (5 grassvalley
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High speed channel TRIT®H
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1.25Gb/s up to 6.25Gb/s from camera to frame grabber
Differential input/output to FPGA in camera/frame grabber
8B/10B coded data

EQCO62T20 = Coax line driver

EQCO62R20 = Receiver with integrated auto-adaptive equalizer
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Cable characteristics

Automatic equalization is a must!

2

7501 cable attenuation / 100m
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Equalizer principle

TRITEN

Transmission
Line Driver

Transmission Line [
:__[ Receiver

2

=

I Equalizer \
Equalizer Gain Equalized Path Loss
&

RG59, ...)
Optimal compensation

competitors
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Fully auto-adaptive operation for all types of 75* coax cables (RG6, RG11,

Very robust operation (temperature, transmit amplitude,...) compared to

. P Adlmec (57 grassvalley
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for both high and low frequency attenuation
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Low speed uplink TW Ll
2

0-20Mbps uplink channel from frame grabber to camera
Single ended interface to FPGA in camera/frame grabber
High resolution trigger with accuracy up to +/- 4 ns

.
. [T Adimec (5 grassvalley
<38 Ministerie van Economische Zaken Excellence in [ij L/Wﬂ

Device power TW Ll
2

Power supply over coax cable from frame grabber to camera
24V, 13 Watts per cable

Automatic detection of CoaXPress cameras
Short circuit protection

No need for power brick for camera

-
5 Adimec %rass valley
<l Ministerie van Economische Zaken Excellence in [ij[/wﬂ




Example PCB — small! T‘[ﬁ]
2
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6.25Gbps in +
20Mbps out +
Power out
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Protocol Highlights TRIT®H
2

U %LWUDWH RU *ESV
7TKURXJK OLQN DJJUHJDWLRQ 1 [ FESV

p 'DWD SDFNLQJ IRUPDWYV $UELWUDU\ LPDJH VL]H SHHG
OXOWLSOH GDWD VWUHDPV LQ SDUDQOHO

p 'DWD LQWHJULW\ 5HGXQGDQW FRGLQJ
&5&
ILQN % (5 WHVW
B 7ULJIHU JLIHG ODWHQF\ RI wV QV PFFXUDF\
)XOO\ DVIQFKURQRXV RSHUDWLRQ SRIVVLEOH
H &RQWURO GDWD 'RZQ OESV REEDQGZLGEWK DW
8S OD[LPXP OESV VKDUHG ZLWK WULJJHU
p 30XJ 30D\ $XWR ELWUDWH QR@N GBWDRXSSDEFMNYIOIH GHWHFW

IRUPDW ELW GHSWK HWF $OVR *HQ,&DP
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TRITON
2

Data Streams

pH $O00 GDWD LV IRUPHG LQWR GDWD VWUHDPV
M ORVW &RD;3UHVV VWUHDPV ZLOO EH IRU UDZ LPDJH

RWKHU GDWD W\SHV HJ FRPSUHVVHG
DOVR SRVVLEOH

LPDJHV RU D3

p ,PDIJH VWUHDPV DUH IRUPHG IURP OLQHV

"HILQHV WKH
VXFFHHGLQJ
GDWD VWUHDP

| /[
[eRog [ rean] ([ [l itamn

JLQHOH /LQHOH /LQUHD H
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Packet Transmission
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Implementation - FPGAs

o Apart from the cable transceivers and power supply all the rest of the
CoaXPress requirements can be implemented in an FPGA

0 FPGA choice for the “mass-market” up to 3.125 Gbps is easy, with
Altera Cyclone IV and Xilinx Spartan 6 being good choices

0 FPGA choice at 6.25 Gbps is more limited. Altera Stratix IV and Xilinx
Virtex 6 are both excellent parts, but expensive and power-hungry

o0 Next generation FPGAs should solve this problem

. [J— Adimec (5 grassvalley

el Ministerie van Economische Zaken Excellence in Imaging

TRITON
2

Implementation — Camera
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Implementation — Camera FPGA

/LQN 'LVFRYHU\ ERQWUL
*HQHUDO &RQWURO 3DFNHW 3DFNH /LQN 6(5'(6
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7ULJJm 2 6(5'(6
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{HDFK VWUHDPPDUNHUV &bRE | QHHGHG
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ok *
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FKHRMNEN ELW DE@LIQDOLJIQ
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TRITON
2

Implementation - Camera PoCXP

0 There are some requirements on startup voltage on the power supply
chip which need checking (basically the power supply must not try to
start up when the frame grabber is sensing for a CoaXPress camera)

o Apart from that it is quite simple

., [— Adimec Gvr’/grass valley
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Implementation — Frame Grabber
&ORPNRFN
WA RS |4 » 7UDQVFRLYHU, )3*$
1HHGV 6(5'(6
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&RQWURD 9 368
@TRE&E\, :!_ :gemszth!:[ - Adimec
R e S nisterle van Economische Zaken Excellence in Imaqing

2

384,
([SUHVV

(E;/’éhassvaﬂey

Implementation - FG PoCXP

TRIT®H

0 A single chip such as the Linear
Technology LTC4151 will implement
the voltage and current sensing
requirements

o A single FET switch does the power
switching

0 The main FPGA can implement the
control state machine

0 A 12V to 24V switching supply is
needed to produce 24V

i
. - dimec

&3l Ministerie van Economische Zaken Excellence in Imaging
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Implementation — FG FPGA
2

RQWUR
o5 (o sl S8<18], > &RQWURO
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EDQGZLBMKHIXO GHVLJQ

% % HQFRGH,QFOXGLQJ &5&

., [— Adimec G/grass valley

25 Ministerie van Economische Zaken Excellence in Inaging

36
Uplink protocol TRIT®HN
Accurate trigger position Z
(rising) (falling)
3x K28.4 3x K28.2
2N\ AN
TXD 59 | 59 | 59 196)196)196 o
Y L 1 1
Trig _| =]
255 196
Cnt
59
0_
2 R0 2D ) O O 0 5 5 6 )
196
59
0
Trig ] L
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Cable solutions

'XDPDP *ESV2. IRU & W ——
. n *
HTXLYDOHQW WR &DPHUD /LQN'FRQOREWR

JOH[LEOH

HF contact N*1

., [—— Adimec G/Qrass valley

el Ministerie van Economische Zaken Excellence in Imaging

TRITON
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CoaXPress Products on the market

o First Technology Demonstrators on the Vision Show 2009

o First evaluation products (consortium partners) at customers Q1
2010
o First products of many companies will be demonstrated at Vision
Show 2010 (based on RC of Standard)
* Cameras
* Converters (e.g. CoaXPress to Camera Link)
» Frame Grabbers
» Cable solutions

0 Volume production deliveries expected in 2011

., [— Adimec G/Qrass valley
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2D+Z: Time of Flight

Klaas Jan Damstra — Grass Valley
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&
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Overzicht 2D+Z technologieén
Rolling en Global shutter pixel
Time of Flight principe

Time of Flight research platform
Eerste resultaten

Conclusies Time of Flight

Adimec G/Qrass valley

Excellence in Imaging
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2YHU]JLFKW = WHFKQRQT H - Q
Triangulation Btructured Light Time of Flight Combinat ion
Short LOwW HIGH HIGH HIGH
distance
accuracy
Long HIGH HIGH
distance
accuracy
Temporal HIGH HIGH HIGH HIGH
Resolution
Spatial HIGH HIGH HIGH HIGH
Resolution
Outdoor YES NO NO? YES
shooting
Indoor YES YES YES YES
shooting
Further Textures Object borders (IR) non-
problems reflective objects
C <A-|-REN5 W o Aglmec (5 grassvalley
et R S, =201 el Ministerie van Economische Zaken Excellence in Imaging
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2D+Z biedt de volgende voordelen

Links & Rechts plaatjes kunnen worden afgeleid voor
stereoscopie

Verschillende views voor multi-view displays kunnen
worden afgeleid

Stereo-base voor stereoscopie kan in post processing
worden aangepast

In post-processing kan beter bepaald worden waar de
graphics in 3D moeten worden geplaatst

Video effecten in 2D kunnen verder verbeterd worden

s Adimec (G grassvalley
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De pixel rechts met 3 transistoren

Res

heeft het gedrag van een gordijn b
sluiter

Basic Pixel Cell with 3 Transistors

= 2 = T

Motion Blur Rolling Shutter Global Shutter

q....  Adimec (G grassvaley
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Res

1 vig col

Basic Pixel Cell with 3 Transistors

Adimec (5, grassvalley

Excellence in Imaging

SROOLQJ VKXWWHU SLW“@‘N

2

Reset Integration Auslesen

In 3T pixel architectuur kan er  zeie,
slechts lijn na lijn uitgelezen
worden en is er dus geen snap
shot mogelijk :

L

s 2= Tao

Motion Blur Rolling Shutter Global Shutter

S ;%::::::;!:;" ) Ad i m ec %I’aSS V8.| Iey

omische Zaken Excellence in Imaqing
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De pixel met 5 transistoren kan wel gebruikt worden voor
global shutter.

Op knooppunt Vfd zit een capaciteit die als geheugen
element gebruikt kan worden

5T Pixel Cell

Vpd | Col

NS L] via L%
ng—l_ —|_Txg N4
PD

Sel

o1 [ Adimec (G grassvalley
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*OREDO VKXWWHU SL[ET‘N

5T Pixel Cell

5T Pixel Cell

I Il
IV I

5T Pixel Cell A

5T Pixel Cell

Adimec (5 grassvalley
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*OREDO VKXWWHU SL[EW
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Alle pixels kunnen tegelijk gereset worden
o] Reset waarde wordt op memory node Vfd bewaard

Zodra lading frame is opgebouwd worden Vfd caps gereset en alle
pixel waardes tegelijk op Vfd caps gezet

Gevolg: geen vervorming van bewegende objecten  snapshot mode

Buiten de sensor worden voor elke pixel de twee waarden van elkaar
afgetrokken zodat alleen het video signaal overblijft (DDS: Double
Data Sampling)

= 2 = T

Motion Blur Rolling Shutter Global Shutter

i1 [ Adimec (G grassvalley
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7LPH RI )OLJKW SULQFT[H]

2

1. Stuur lichtpulsen en S ambient
meet totale reflectie -

2. Meet reflectie binnen
gedefinieerd window
(demodulatie)

3. Meet achtergrond

i\D

3D scene
Elaser laser
trigger

pulsed laser
source

CMOS
sensor

S ;%:::::S;NL ) Ad i m ec C%I’ass V8.| Iey

Ecenomischs Zaken Excellence in Imaqing
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7LPH RI )OLJKW SULQFTW
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Alle 3 deelmetingen
moeten worden uitgevoerd g’) "o
voor alle pixels tegelijk
en met maximaal aantal
pulsen per frame

3D scene
Etaser laser
trigger

pulsed laser
source

Adimec Ci/grass valley

Excellence in Imaging

ainfallendes, ge- o _d
pulstes Licht

[ UL L 2=R(S,-S))/2S+R12
T

Protocrplidiche Elament Spemerclementa pro Piel R = camera range = maximale
L afstand mogelijk met
Msg;ﬁ\de{or m I'_| g J
g o] ol gekozen afstand pulsen
Schalter innerhall _’—E_l : I : : g o .
dosPids SR . bron: wikipedia

= 7 = RXS,/(S,+S))

Adimec Ci/grass valley
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5T CMOS Infinity Camera

Imager
#HD-SDI-

[—40pin flatcable=— ﬁ Framegrabber

Ethernet

IR- S
Flash N :
board i F-
— —| &

xe00-]

ge Grabs
Computer
P Compute Evaluate
Distance Distance
map map

i1 [ Adimec (G grassvalley

mornische Zaken Excellence in Imaqing

(HUVWH UHVXOWDWHQFRIT®H

, V GLHSWH WH PHWHQ" ?

Scheiding optische eigenschappen en elektrische
eigenschappen:
Object op vaste afstand
Vaste aansturing sensor
Verschuiven uitgezonden licht pulsen (simuleert afstand)

Infrared LED array (4x4)

Sensor __| F -"-":::.‘:::"' Flat surface, faced
T ] - I~ towards sensor
/ SN Len
CrrR=N=E ey AdiImecC (O grassvalley
N i ST Ministerie van Economische Zaken Excellence in tmaging
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(HUVWH UHVXOWDWHQ‘[[’RW‘MLHSWH W H
PHWHQ" P

5T Pixel Cell

*OREDO 6K|
7UDQVIHU

—

_ L s sxovw -
EIN

w

N I X
? ‘Z;‘ \ / \\ B Measured
g Z:uu / m__ = expected

Distance [m]

Adlmec (5 grassvalley

i Imaging

(HUVWH UHVXOWDWHQTM&!'GLQJ

Afstandsmeting van beeldvullend ==
vlak met slechts één reflectie
coéfficiént levert shading op.
Oorzaak zijn looptijdverschillen
in sensor.
Deze shading is combinatie van
verticale shading
horizontale shading

256 averaged
frames

Non-flat depth
image of a flat
surface, distance
incm

Verticale shading kan bepaald worden door lijnmiddeling
Horizontale shading door kolommiddeling

N . Adlmec (57 grassvalley
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(HUVWH UHVXOWDWHQTWWLFDOH VK
V4

256 frames gemiddeld

De verticale shading volgt 2¢ orde polynoom

vertical shading

m3
0.000288224 -0.550075266 2439.214467

Adimec %rass valley

romische Zaken Excellence in Imaqing

(HUVWH UHVXOWDWHQFRIT®H
KRUL]IRQWDOH VKDGLQJiZ

256 frames gemiddeld

De horizontale shading volgt ook 22 orde
polynoom

horizontal shading

shading [em]

= 2nd order poly

pixel number poly 2
ml m2 m3

0.000214366 -0.162350793 10029.36283

. Adimec (57 grassvalley

cerie van Economische Zaken Excellence in [ij[/wﬂ
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(HUVWH UHVXOWDWHQTMG
Z

256 frames gemiddeld

Depth image - Shading image = Shading corrected depth image

Adlmec %rass valley

i Imaging

(HUVWH UHVXOWDWH QTRIT®N
UHIOHFWLH FR-IILFL-QW5—

Duplo blokjes met verschillende reflectie
coéfficiénten op zelfde afstand moeten netjes
egale diepte map opleveren

FP

FP

,PDJH RI WKH VFHQH XVLQJHSWKPDOB®IWHU VKDGLQJ FRUUHFWLRQ
OLJKW QP RQO\
soo LQ UHFWDQJOH LV DW VDPH GLVWDQFH

Aﬂ:.:—_\:igé W Adlmec (57 grassvalley

A4 Ministerie van in Imaging

LQJ FRUU}
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(HUVWH UHVXOWDWHQ HHQ |

Een scene is opgebouwd met verschillende thee
doosjes op verschillende afstanden

Actual scene Depth image + - Shading image = Shading corrected depth image showing the
H/V shading expected distances for the different depths
e
e
C—
135 cm <
The arrows
show the
expected
105 depth [cm]
75 45
Adimec

Excellence in Imaging

VFaQH
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(HUVWH UHVXOWDWHQ HHQ |

Zoomen we in op het shading gecorrigeerde
plaatje, dan kunnen we beter de verschillende
afstanden van de doosjes onderkennen.

Actual scene

% /

105
75 45

Depth in cm

Adimec

VFaQH

Excellence in Imaging

31



63

7LPH RI )OLIJIKW FRQFOXVLHY

Aangetoond is dat we met een standaard pixel in een
broadcast CMOS sensor diepte kunnen meten

Shading welke optreedt door looptijd verschillende in de
pixel map kunnen worden gecorrigeerd

Aangetoond is dat de meting onafhankelijk is van de
reflectie coéfficiént

0 Zolang de reflectie coéfficiént niet te klein is!

In een eerste sceéne is aangetoond dat de werkelijke
afstanden redelijk benaderd kunnen worden

Adimec

Excellence in Imaging
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4XHVWLRQV"

.ODDV -DQ 'D\PYVDMMMDQ GDPVWUD#JUD

-RFKHP +tHUWKDHUQ@M PDOQQ#DGLPHF QO

Adimec
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