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Video im Netz - F l u c h  
oder  S eg en ?  

Dirk E b e rh a rd t – I n t e rn e t w o rkin g  C o n s u l t a n t
d e b e rh a r@ c is c o . c o m
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I n t ro d u c t io n

V id e o  T e c h n o l o g y

V id e o  N e t w o rkin g

T ra f f ic  P ro f il e s

V id e o  @  C is c o
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Media Ready NetworkMedia Ready Network

Business Video Systems
Cisco 
T e l e P r e se n ce
Life-l ik e,  in -p er s o n  
v id eo  c o l l a b o r a t io n

U n if ie d  
Com m u n ica t ion s
V id eo  c a l l in g ,  W eb E x  
a n d  in t er o p er a b il it y

D ig it a l  M e d ia  
S y st e m
V id eo  b r o a d c a s t  t o  
d es k t o p  P C s

D ig it a l
S ig n a g e
N et w o r k ed  v id eo  s ig n a g e

V id e o
S u r v e il l a n ce
I P -b a s ed  v id eo  
s u r v eil l a n c e
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E nter p r ise Video
Set of Challenges ?
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There where times, when video was more 
dif f ic u l t to dep l oy  ☺
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S e s s io n  O b j e c t iv e  – Y o u r n e t w o rk kn o w s  a l re a d y  h o w  t o  d e a l  w it h  
v id e o  - j u s t  e n a b l e  t h e  f e a t u re s  y o u  a l re a d y  h a v e  p a id  f o re .

Congestion
M a na gem ent

Congestion
A v oid a nc e

(a l w a y s)

(h igh -sp eed to
l ow -sp eed l ink s or  
a ggr ega tion p oints)

M a r k
Cl a ssif y(a l w a y s)

(a s c l ose to th e
sou r c e a s p ossib l e)

P ol ic ing P ol ic ing
S h a p ing (going to l ow er -sp eed

l ink s or  f r om  p oints of  
a ggr ega tion)(c om ing f r om  a  

h igh er -sp eed l ink  or  
a ggr ega tion)

F r a gm enta tion &
I nter l ea v ing

Com p r ession
(l ow -sp eed
W A N  l ink s)

O u tp u t
inter f a c e

I np u t
inter f a c e
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Video Technologies
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R esol ution Comp a r ison
Relative sizes

CIF Resolution (352x240) vs. 1080i (1920x1080) 
P D A  siz e

D 1 Resolution (7 20x480) vs. 1080i (1920x1080)
T V ,  Y ouT ub e,  L ow -end  V oD

7 20p  Resolution (1280x7 20) vs. 1080i (1920x1080)
H D  Rea d y  T V

1080i (1920x1080)
Full H D

Format N T S C -b as e d P A L -b as e d
SQCIF 1 2 8  × 9 6
QCIF 1 7 6  × 1 2 0 1 7 6  × 1 4 4
QCIF+ 1 7 6  × 2 2 0 1 7 6  × 2 2 0
CIF 3 5 2  × 2 4 0 3 5 2  × 2 8 8
2 CIF 7 0 4  × 2 4 0 7 0 4  × 2 8 8
4 CIF 7 0 4  × 4 8 0 7 0 4  × 5 7 6

C I F Formats
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Video 
C O D E C s ( C O D e/ D E C ode)
� Com p r ession c a n b e c la ssif ied  into “L ossless”a nd  L ossy ”

Lossless compression is a bit-perf ect copy  of  th e orig inal
� L ossless c om p r ession h a s ver y  little g a in in r ed uc ing  vid eo f r a m es,

D ow nsid e:  R eq u ires more band w id th
E x ample–Lik e W inZ ip f or mp3  au d io

� L ossy  c om p r ession m a k e use of  “P er c ep tua l Cod ing ”,  p r od uc es a  g ood  q ua lity  c op y  of  th e or ig ina l
U psid e:   S maller f ile siz e,  ad eq u ate q u ality
E x ample–M P E G  v id eo and  au d io

� L ossy  c om p r ession is used  w h en it is not r eq uir edto r e-c r ea te a  b it-f or -b it c op y  of  th e or ig ina l f ile a f ter  c om p r ession

V id eo compression is th e science of  representing  inf ormation in a compact f orm

Nyquist–S h a n n o n  sa m p l in g  th e o r e m
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Cisc o T el eP r esenc e T r a ffic  Ch a r a c ter istic s
Res ol u tion

2,073,600 pixels per frame
x 3 c o lo rs per pixel
x 1  B y t e ( 8  b it s)  per c o lo r
x 30 frames per sec o n d
= 1.5 Gbps per screen 
u nco m pressed  !

1920 lines of Vertical Resolution (Widescreen Aspect Ratio is 16: 9)
10
80
 lin

es
 o
f H

or
izo

nt
al
 R
es
ol
ut
io
n

C o mpressed  t o  4  M b ps per 
sc reen
>  9 9 %  co m pressi o n ra t i o !
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Video 
C O D E C s  ( C O D e/ D E C ode)

A ppl i ca t i o nA ppl i ca t i o n B a nd w i d t hB a nd w i d t h
M P E G-1 V C D 0 .5 t o  1.5M bps 
M P E G-2  ( H . 2 6 2 ) D V D   /    H D T V 1.5 t o  2 0 M bps 
M P E G-4  P .2 I nt ernet - T V 6 4 K bps t o  4 M bps

H .2 6 1 V i d eo  C o nf erenci ng N  x  6 4 K bps
H .2 6 3 V i d eo  C o nf erenci ng 3 2 K bps t o  2 M bps
H .2 6 3 + I nt ernet 2 4 -6 4 K bps
H .2 6 4  A V C  (MPEG4 P.10 I nt ernet -H D T V 50 0 K bps t o  12 M bps
H .2 6 4 / M 3 G M o bi l e 6 4 -12 8 K bps

M P E G-4  P .10 I nt ernet -H D T V 50 0 K bps t o  12 M pbs

M i cro so f t ™ I nt ernet -H D T V 12 8 K bps t o  15M bps
R ea l ™ I nt ernet -H D T V 6 4 K bps t o  8 M bps

ITU
Motion Pictures     
Expert Group

S o renso n™ I nt ernet 12 8 K bps t o  15M bps
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M edia I nfo h t t p: / / med iain fo . so u rc efo rg e. n et / en



© 2 0 0 9  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .d e b e r h a r 13

Sp a tia l  R edunda nc y
� Mov e p redic tion  – F ram es  typ es

I ( i nt ra )  F ra m e
F ull fram e

P red i ct i v e F ra m e
E ncoded b all w ith  m ov ing

v ector,  from  I  fram e

B ( i -d i rect i o nna l )  F ra m e
B all m ov e only  encoded

b etw een I  &  P
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Delta (B, P) Frames

K ey  (I )
Frame

K ey  (I )
Frame

M P E G  Video ov er  I P :  T r a ffic  P a tter n

T i me 

Ban d w i d th

N o  C o nst a nt  B i t ra t e !
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0% PLR

P a c k et L oss R a tio ( P L R )  I mp a c t

0. 05  % PLR

0. 5  % PLR

R esu lt  w o rsen s 
d epen d in g  o n  

c o mpressio n  u sed



© 2 0 0 9  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .d e b e r h a r 16

C omp ression and P L R  ex amp l e
C isc o D ig ital  M edia P l ay er 4 4 0 0
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Video Networking
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N etw or k  I nfr a str uc tur e 
Traffic Profiles and Requirements

D a ta

D a t a  Cl a sse s:
Mission-C r it ic a l  A p p s
T r a nsa c t iona l / I nt e r a c t iv e  A p p s
B u l k  D a t a  A p p s
B e st  E f f or t  A p p s ( D e f a u l t )

Traf f ic  P atterns f or D ata V ary  
A mong  A p p l ic ations
G eneral l y  wel l  u nderstood or 
monitored
U ses al l  ty p es of  I P  p rotoc ol s
I nc l u des U ni-c ast and M u l ti-c ast

� S m ooth  /  b ursty
� B enig n/ g reedy
� D rop insensitiv e
� D elay  insensitiv e
� T C P  retransm its
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N etw or k  I nfr a str uc tur e 
Traffic Profiles and Requirements

V id eo-Conf

� L a t e nc y  ≤ 1 5 0  m s
� J it t e r  ≤ 3 0  m s
� L oss ≤ 1 %
O ne -W a y  R e q u ir e m e nt s

I P / V C  H as the simil ar network ing  
req u irements as V oI P
D if f erent Traf f ic  P atterns 
( B W  p er f rame varies g reatl y )
U nic ast
P oint to p oint /  M u l tip oint
E stab l ished desig ns inc l u de Q oS , 
H ig h A vail ab il ity ,

� B ursty
� b / w  consum ing
� D rop sensitiv e
� D elay  sensitiv e
� UDP priority
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N etw or k  I nfr a str uc tur e 
Traffic Profiles and Requirements
T el eP r esenc e Tel eP resenc e b andwidth varies 

b ased on the resol u tions and has 
R adic al l y  D if f erent Traf f ic  P atterns
6  resol u tion c omb inations
Total  b andwidth f ac tors inc l u de

•Number of screen sessions (inc audio)
• A udio add-in
• A ut o-col l aborat ion ch annel  
• I nt erop erabil it y  ch annel s
• T el eP resence v ersion

� L a t e nc y *  ≤ 1 5 0 m s
� J it t e r  ≤ 1 0  m s
� L oss ≤ 0 . 0 5 %
� B a nd w id t h  ( 1 0  Mb p s*  

p e r  sc r e e n @ 1 0 8 0 P )
O ne -W a y  R e q u ir e m e nt s
*  C T S  5 5 0 / 1 0 0 0  v 1 . 4  

1 0 8 0 p  /  b e st

� B ursty
� D rop sensitiv e
� D elay  sensitiv e
� J itter sensitiv e
� UDP priority
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S e r ia l iz a t ion ,  
Q u e u in g ,  
S h a p in g

CE -P E

B r a n ch

Service
P ro vid er

D e -J it t e r  B u f f e r ,  
D e cod in g

Cod ec

Q u e u in g ,  S h a p in g

Ca m p u s

E n cod in g ,  
P a ck e t iz a t ion

Cod ec

Ca m p u s

C isc o Tel eP resenc e Traf f ic  C harac teristic s
L atenc y ,  J i tter  and  L oss T ar gets and  T hr eshold s

P ol icin g ,  
Q u e u in g ,  

P r op a g a t ion

P E -P E P E -CE

Serialization, 
Q u eu ing , 
Sh ap ing

M e t r i c T a r g e t T h r e s h o l d  1
( W a r n i n g )

T h r e s h o l d  2
( C a l l  Dr o p )

E n t e r p r i s e  
C o m p o n e n t

Service Provider 
C om p on en t

L a t e n c y 1 5 0  m s 2 0 0  m s 4 0 0  m s 2 0 % 8 0 %
J i t t e r 1 0  m s 2 0  m s 4 0  m s 5 0 % 5 0 %
L o s s 0 . 0 5 % 0 . 1 0 % 0 . 2 0 % 5 0 % 5 0 %

S L A s  O n l y  R e l a t e  t o  N e t w o r k  F l i g h t  T i m eCod ec Cod ec

C E PE PE C E
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P oint-to-P oint P oint-to-M u l tip oint

U ni 
D ir ec tiona l

B i 
D ir ec tiona l

T rade O ffs
1 . Q ual it y
2 . B andw idt h
3 . C ost

D iffer ent D el iv er y M odel s

T el eP resence

V i ew i ng  S t o red / L i v e 
D i g i t a l  M ed i a

I nt era ct i v e D esk t o p 
C o l l a bo ra t i o n

V i d eo  
S u rv ei l l a nce

Interactivity

Viewer numbers

L o w

H i g hL o w

H i g h
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L iv e Video on U nic a st N etw or k
� S ep a r a te str ea m  f or  
ea c h  c lient a c r oss 
th e W A N

� S um  of  a ll c lients m ust 
b e less th a n W A N  b a nd w id th

� N ot p r a c tic a l on a ny th ing  
b ut op tic a l inf r a str uc tur e

V i d eo
S erv er

E nco d er

U nic a st
W A N

A l l  R eq u ests
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L iv e Video on M ul tic a st N etw or k
� M ultic a st ena b led  
L A N  a nd  W A N

� Req uir es event p la nning  
a nd  a d m inistr a tion

P u bl i sh er

S ingl e M u l tic a st S tr ea m
R ep l ic a ted  b y  W A N  N etw or k  
S ingl e M u l tic a st S tr ea m
R ep l ic a ted  b y  L A N  N etw or k

E nco d er

M u l tic a st
W A N

P I M  R ou ti ng
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D iffer entia ted Ser v ic es M odel
N et w o rk  t raffic  id en t ified  b y  
c lass
N et w o rk  Q o S  po lic y  en fo rc es 
d ifferen t iat ed  t reat men t  o f t raffic  
c lasses
Y o u  c h o o se t h e lev el o f serv ic e 
fo r eac h  t raffic  c lass
L ik e u sin g  a pac k ag e d eliv ery  
serv ic e

Do you want overnight 
d el ivery?
Do you want 2-d ay air 
d el ivery?
Do you want 3 - to 7 -d ay
ground  d el ivery?
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L a yer  2  Cl a ss of Ser v ic e     CoS

T h r e e  B i t s  Us e d  f o r  C o S
( 8 0 2 . 1 D Us e r  Pr i o r i t y )

L a y er  2
80 2 . 1 Q / p

F CSD A T AP TT A G
4  B y t e s
T A G

4  B y t e sS AD A T y p e

V L A N  I DV L A N  I DCF ICF IP R IP R I

� 802.1Q  tr unk ing ,  c onta ins f ield s f or  setting  
CoS
T h is is t h e 8 02. 1 p prio rit y
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C l assif ic ation and M ark ing  at the N etwork  L ay er
I P  P rec edenc e and D S C P

• I P Prec ed en c e: T h ree mo st si g n i f i c an t b i ts o f  T o S  b y te are 
c alled  I P p rec ed en c e—o th er b i ts u n u sed .

• Di f f S erv : S i x  mo st si g n i f i c an t b i ts o f  T o S  b y te are c alled  
DS C P—remai n i n g tw o  b i ts u sed  f o r f lo w  c o n tro l.

• DS C P i s b ac k w ard  c o mp ati b le w i th  I P p rec ed en c e.
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M a p p ing CoS to N etw or k  L a yer Q oS
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P er -H op  Beh a v ior

D S CP selec ts P H B th r oug h out th e netw or k
D efau lt P H B  ( F I F O , T ail D ro p)
E xped it ed  F o rw ard in g ( E F )  P H B
A ssu red  F o rw ard in g ( A F )  P H B
C lass S elec t o r ( I P  prec ed en c e)  P H B
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Q oS – H ow  M a ny Cl a sses?
B u si ness R eq u i r em ents W i ll E v olv e and  E x p and  ov er  T i m e

T im e

Cr itic a l  D a ta

R ea l tim e

4-Cl a ss M od el

B est E f f or t

S igna l ing /  Contr ol Ca l l  S igna l ing

Cr itic a l  D a ta

I nter a c tiv e V id eo

V oic e
8-Cl a ss M od el

S c a v enger
B est E f f or t

S tr ea m ing V id eo

N etw or k  Contr ol
N etw or k  M a na gem ent

R ea l tim e I nter a c tiv e

T r a nsa c tiona l  D a ta

M u l tim ed ia  Conf er enc ing

V oic e
1 2 -Cl a ss M od el

B u l k  D a ta

S c a v enger
B est E f f or t

M u l tim ed ia  S tr ea m ing

N etw or k  Contr ol

B r oa d c a st V id eo

Ca l l  S igna l ing
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C isc o V ideo A p p s D if f S erv Q oS  
R ec ommendations ( R F C  4 5 9 4 -Based)

A p p lic ation 
C las s

P er-H op  
B eh av ior

A d m is s ion
C ontrol

Q u eu ing  &
D rop p ing

A p p lic ation 
Ex am p les

V oI P  T elep h ony EF R eq u ired P riority  Q u eu e ( P Q ) C is c o I P  P h ones  ( G . 7 1 1 , G . 7 2 9 )

B road c as t V id eo C S5 R eq u ired ( O p tional)  P Q C is c o I P  V id eo Su rv eillanc e /  C is c o Enterp ris e T V

R ealtim e I nterac tiv e C S4 R eq u ired ( O p tional)  P Q C is c o T eleP res enc e

M u ltim ed ia C onf erenc ing A F 4 R eq u ired B W  Q u eu e +  D SC P  W R ED C is c o U nif ied  P ers onal C om m u nic ator

M u ltim ed ia Stream ing A F 3 R ec om m end ed B W  Q u eu e +  D SC P  W R ED C is c o D ig ital M ed ia Sy s tem  ( V oD s )

N etw ork  C ontrol C S6 B W  Q u eu e EI G R P , O SP F , B G P , H SR P , I K E
C all-Sig naling C S3 B W  Q u eu e SC C P , SI P , H . 3 2 3

O p s  /  A d m in /  M g m t ( O A M ) C S2 B W  Q u eu e SN M P , SSH , Sy s log

T rans ac tional D ata A F 2 B W  Q u eu e +  D SC P  W R ED C is c o W eb Ex  /  M eeting P lac e /  ER P  A p p s

B u lk  D ata A F 1 B W  Q u eu e +  D SC P  W R ED E-m ail, F T P , B ac k u p  A p p s , C ontent D is trib u tion

B es t Ef f ort D F D ef au lt Q u eu e +  R ED D ef au lt C las s

Sc av eng er C S1 M in B W  Q u eu e ( D ef erential) Y ou T u b e, iT u nes , B itT orent, X b ox  L iv e
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12 8 k  = 153 k
3 8 4 k  = 4 6 0 k
512 k  = 6 14 k
7 6 8 k  = 9 2 1k
1.5M  = 1.8 M

V i d eo  D a t a  R a t e a nd
B a nd w i d t h  R eq u i red

Ba ndw idth  R eq uir ements
C al c u l atin g  L ayer 2 / 3  O v erh ead

� H arder to c al c u l ate v ideo 
b ec au s e v ideo is  b u r sty in  
n atu re

� G en eral  ru l e of  th u m b  is  to add 
2 0 %  f or al l  l ayer 2 / l ayer 
3  ov erh ead

� C al l  s p eed is  typ ic al l y th e 
“ m ax i m u m ” tran s m is s ion  of  th e 
c al l ;  av erag e is  u s u al l y m u c h  
l es s
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Traffic Profiles
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E nterp rise V ideo 
T el eP resence &  V ideo C onferencing

• H ig h  Av ailab ility
• S cale
• B andw idth
• Visib ility
• M anag em ent
• S ecurity
• Q O S

• H ig h  Av ailab ility
• S cale
• B andw idth
• Visib ility
• M anag em ent
• S ecurity
• Q O S

B a n d w i d t hB a n d w i d t h

L o s s ,  L a t e n c y ,  
J i t t e r
L o s s ,  L a t e n c y ,  
J i t t e rC o n c u r r e n t  

S e s s i o n s
C o n c u r r e n t  
S e s s i o n s

Dy n a m i c  S e s s i o n sDy n a m i c  S e s s i o n s M u l t i c a s tM u l t i c a s t
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E nterp rise V ideo 
D esk t op  V ideo C ol l aborat ion &  W ebC ams

• H ig h  Av ailab ility
• S cale
• B andw idth
• Visib ility
• M anag em ent
• S ecurity
• Q O S

• H ig h  Av ailab ility
• S cale
• B andw idth
• Visib ility
• M anag em ent
• S ecurity
• Q O S

B a n d w i d t hB a n d w i d t h

L o s s ,  L a t e n c y ,  
J i t t e r
L o s s ,  L a t e n c y ,  
J i t t e rC o n c u r r e n t  

S e s s i o n s
C o n c u r r e n t  
S e s s i o n s

Dy n a m i c  S e s s i o n sDy n a m i c  S e s s i o n s M u l t i c a s tM u l t i c a s t
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E nterp rise V ideo 
V ideo S urv eil l ance 

• I P  M ulticast
• H ig h  Av ailab ility
• S cale
• B andw idth
• Visib ility
• M anag em ent
• S ecurity
• Q O S

• I P  M ulticast
• H ig h  Av ailab ility
• S cale
• B andw idth
• Visib ility
• M anag em ent
• S ecurity
• Q O S

B a n d w i d t hB a n d w i d t h

L o s s ,  L a t e n c y ,  
J i t t e r
L o s s ,  L a t e n c y ,  
J i t t e rC o n c u r r e n t  

S e s s i o n s
C o n c u r r e n t  
S e s s i o n s

Dy n a m i c  S e s s i o n sDy n a m i c  S e s s i o n s M u l t i c a s tM u l t i c a s t
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E nterp rise V ideo 
D ig it al  S ig nag e &  V ideo on D emand 

• I P  M ulticast
• H ig h  Av ailab ility
• S cale
• B andw idth
• Visib ility
• M anag em ent
• S ecurity
• Q O S

• I P  M ulticast
• H ig h  Av ailab ility
• S cale
• B andw idth
• Visib ility
• M anag em ent
• S ecurity
• Q O S

B a n d w i d t hB a n d w i d t h

L o s s ,  L a t e n c y ,  
J i t t e r
L o s s ,  L a t e n c y ,  
J i t t e rC o n c u r r e n t  

S e s s i o n s
C o n c u r r e n t  
S e s s i o n s

Dy n a m i c  S e s s i o n sDy n a m i c  S e s s i o n s M u l t i c a s tM u l t i c a s t
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E nter p r ise Video 
I ncreasing  D emands/  C ont rol  on t h e Net w ork A ll V id eo
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V id eo @  C isco
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K ey T a k e A w a ys
� AVVI D  - Ar c h i t e c t u r e  f o r  Vo i c e ,  Vi d e o ,  a n d  I n t e g r a t e d  D a t a

� A lread y  a C isc o  n et w o rk  in  plac e?  � j u st  en ab le Q o S
� C isc o  h as alread y  implemen t ed  t h e req u ired  feat u res an d  fu n t io n ssin c e y ears
� C isc o  c o n t in o u sly  d ev elo ps st an d ard s fo r n et w o rk in g  /  v id eo  n et w o rk in g
� C isc o  h as a st ro n g  experien c e in  d eplo y in g  larg e v id eo  n et w o rk s

ca . 19 9 7  !  == m o re t h a n 10  y ea rs !
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Q & AQ & A
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