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Abstract

Applications t hat directly or i ndirectl
avail abl e today. This paper intends to g
using Liveb55 and x264 | ibrary set, S u |
stream out | ive webcam video to any numbe
The di Kerent modules necessary for |live w
this presentation in a sequenti al manner .
l ssues circling the streamer application
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| nt roducti on

| t has been a few decades nNow Since Vi dec

earlier days video was captured and trans
digital I ntegrated circuits and computer
technolDogy tali zati on. Currently we have
technologies interlinked with the video d
explanation on one suchzxStrreeaa nri enlgat eadn dwi tt
Webcam streaming. Raw Video from the webc
phases before it I's suitable for transmi
t hrough all the necessary pat hways t he
received by the client.
L VVDN



| Vi deo Basi cs When it comes to Live Sf
process starting with th

A . On Demand Streatmhen @nal delivery of prc
on the course. This proc
Wi t h t he emer gence of Rehtaiykm; @¢od %S coul d r
successor chips (dies)’co\fnip%‘?%tiaonndalavgg‘aurce c
pl aying wer e becoming a real ity for t he
consumer grade PC's. Back then video Ol es

wer e stor edROMS oaD wer e

downl oaded from remote servers. Net wor k
. . . < . .
delivery of media was stig] | a |l onged reality in
; AT RECEMNC L, U0ES,
those days. By the early 2D00" s , icnsiog FARN t ATcieTg W
a booming increase in neffwork bamawirdth.
2
Wi t h t he advent of pouerful me d|
compression algorithms anjd morpre popwe rul
Per sonal Computer' s, str elami_nig i very of
media had become possi bl e

The term streaming is used/rtoradescri b8 ™

met hod of relaying data over a computer
net wor k as a sSsteady continuous Qow of

byt es, allowing playback toFipgotreedn Wheinhaend St r

subsequent data is being received . l nstant

pl ayback was the greatest advantage posed

by l i ve streaming on comparison wi t h

"Downl oad and pl ay' WhiCl’é\ coul d cost hour s

on a slow network. o e mAaton i ESy
S

B. Live Streaming z

Streaming can mai nly be

On demand Streaming and

The for mer deals with pr Frecorded

and compressed medi a. Medi*&*ﬁé@&%ﬂkes“’bﬁﬁ‘»}“e st gy aE”

at speci Qc servers and are delivered to one or
more clients on request (on Demand) . Today
we have thousands of such serkied s2:r elaidwye tSd r e a mi
stream media Qles on demand. a few of such
servers are You tube, Vimeo, TED etc.

Ly VVDN



From the diagram it is cllheearwebhcaam tshter epaancikned sa p
transferred at a constanttheivirdee, reampesesshe I
receiver i n a highly diesvoerli enmmatneidp uimahinens and
making it diodocult for pltaybalcnkt.erTted , pa@onk edtesman d
are streamed without jirtecgeueshy ngt rcdaneinntgs (VLC

from a playback buKer. Thive5bh)rdélemeesd" pHeesn't
pl ayback del ay. Live Stateamrmachgplianytbraocdkucek t he
yet anot her del ay for trraatnhsenti ,s splo®d ucmanignltyhe | i
taking into account t heclviielreto rceagpueusrtes dmd it .

subsequent recording. Thbemtdiraernpbdsned bBe an i
compressed along the Qowashed opeoxyecepteitoveen t he

at the client side. and any number of front
Ea_ch client receives a
I Webcam Streafmen ebcam on demand.
streamer actually i sol

Webcams are video cameransl,odtuhaet (al—faerdQ/vfatreerb from t
embedded into | aptops. Vgrhec”(i\/tLCCPH‘Psiﬁ§tance).

desktop, webcams come in di Kerent model s
wi t h t he SsuppeRrGM. d rMowser CD

webcams woul d have standardi zed
applications t hat can access t hem for

capture/recording purpose.

Encoding

Asynchronous
Request for
Stream

Wait
(Proceeds VLC

PA to PL ,
on vlc request) (Client)

Capturing

Fi g 3: Bl ock Chart

XyVvVvDN
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The application is a casdaededapssemdl wiagfeo2 i s t

maj or sections: Capture/ Efc@adepixeedt imanniagpnud at i on
Streaming section. This PRlsnbltocgkirely a serial
arrangement , rat her t he T?]%Ctljlaocnksedinttoerlﬁlcénar b |

with each other accordinglyy,. packed for mat YUYV
The block diagram makes YilktV4¢e R2e &dr Thas whekl be ¢
application is asynchr onohues.colmaokdi nge citntoons . Th
the diagram, the yellow bluéekls ceamc oampcaslsrets t o se
the Capture/ Encode sectiminnudred d & @e nbdiuneg on t

ones, Streaming sectionForTthenarteedl yontehse &Eme oder
external to the applicatdafoncamprebnei mpar ptlhee Vi
ones shows the state of tkeedpghnitcatsiga®e. reduct.

encoding has been wused

The Initial state of thd ARpPRPEQENERNEaGOBR €SS
considered as '"not runniYl'gde%r_ca?%yr?oogtaf"rot"v.IB
Wh e n t he application isbee‘}'e@'u@'e%hedtﬁé) a few 1
Streamer section does t hee i@Qapt @wad e/jEONbc od BT mo d
setting up an RTSP serveont Foll |l bawckgt d h8t r eami
initialization, the WebcawmerStirreames mpemdsged Vvi de
an event | oop. Event ablstopsti ane |l ayer uni ts
programming constructs téthteavming Mmodulamddel i ver
di spatches events or neelsiseargte sas i RTPa packets ut
progr am. Applications dtelvee | soepsesdi omsi ng
Liveb55 l'i brary set ar e event driven I n
natur e. The application tTgeeappNitO®atd oWaiils a cac
state constantly moni t@ij 808 seédctifis: Capture/
parameters. When a cliginteamdg s¥k®ion. This
requests for a stream, gfthang@e®eit, ! 3%k her the
bl’eakS the Wa|t and W|tCha|e|aSCh tohq']er accordin
corresponding event handl er s . A smooth
e bl oc Il agram makes
transfer of control to the Capture/ Encode
application 1s asynchro
modul e happens consequently. V4L?2 al so
_ ) t he dla(%r_am, t he y e
known as Videod4Linux2, a coll ection of
_ _ encompasses the Capture
device drivers and API support, hel ps in h e
_ _ and the Dblue ones, Str
captur e of l i ve vi deo stream from the
red ones are external t o
webcam modul e.
t he purpl e ones shows t
application

Y 7VVDN



e
ns
ar

ont
app
Vi de
and
vide
capt
pi xe
bl oc
t he

> O @ T T T 0w oS r T o T o
—
QO

YUV 4:

t he
capt
Me g a
reso
does
achi
vide
appl
stat

l ni ti al state of t hTeh ea pGa pitcuartei /oEhn coare r b eno d
i dered as ‘not runnamtgrol omack eto tSa r eami r
t'. When the applicatviean tihse exoemputeesds,e dt hva d e
amer section does ftbstiriadttiian | aperof uni ts
ing up an RTSP servémreamohygowmodg!| @« hdel i ver
ialization, the Webchmei®straamITPepaeksts un
event |l oop. Eventt hel scepsi oar e

ramming constructs that waits for and

atches event s or helsbagR RAORAT CaP Pr ot c

ram. Applications devel oped usi ng

555 library set ardP®vbAlergn&tyepr iy tivel
re. The applicationsuglooloeosrtindtaotaac‘?/vrarf“fniCati
e constantly moni tdfti@nd rap st gp§ wermaialcscc
meters. Wh e n a cliaé‘ﬁit Q'Seayt,rali/q_fcers. As t
ests for a stream, @h%helSEYSEnSt FhHLpd i ncre
ks the wait and calli™s® t REelo 0% s pBilyf hpedi
t handlers. A smoothertddfss Nt efppet emerg
rol to the Capturel®&Enkhbld® HhEFF@L&Chers can
ens consequently. VArPtPCL] SknownC @QpTi meNg
o4Linux2, a collectildnNSiMi FSVio%e RroLese! (

APl support, helps iP@ftthe TREH (T4 ads MiSGd on

o stream from the We%rcoatmo%oolduﬁ%TCFI)')neand the
ured video 1is transf:é)rnltéal'gism@seuacshtrteoaméng

I mani pul ati on unit(lﬁ-gnc'h%)y, PA to PL

k . The Packed to Pl &m#®r, bdeowekl ocpoendveby s | nt e
raw packed format YUYak kdaFarde Ol BTMER) i's ar
2: 0. This will be exmpltaicrodd uisre dd & ptrh-ttirmen s |
coming sections. Thue t irmeevdi avi d® 0 wedlelmaad . |
ured can account Thteo RTPewaramldard in eKe
bytes/ minute dependdfngpr eonoc d¢ Ihe: RTP and R
l uti on. Fortunately uslkked Epbcoderan8mbski on o
the job of compressetw@ortkhe RTORPO i 0 used

eve excell ent Si ze Quealdiutcyt i oOf. SE2r6vdi c e ( Q
o] encoding has beeThowgédhd RITP thes over L
ication wi t h astoungddemard @mmpr espiecth al t ec
i stics. Raw video camicorpoobtdd tMB8 & ddapsul

frames) could be diminiJicedl| Pol ayefrew 100

KBs !

Y 7VVDN



This has to be done with ut most care due to the

Encoder Decoder Digitized Bitstream Block 1

Sending Receiving Sending Receiving RTP RTP

RTP RTP RTP RTP Packet Header HMeodlx §

UDP Packet

UDP RTP

Header Header Aokt

Fig 4. RTP Protocol

RTCP, the control protocol Pis CPdirded swchworr Pl a
hand in hand with RTP Prot®o<®omMb! erchphpa@watdd abl e f
contain sender or receivePlreepBttdaynhPogpoviMgs8Pl ay
qgual ity of service statisBfa¥s 8UEnods thige PRFKEdr t T
of packets send, number o%O0Ulagdck@epRabligstnt ¢gnkeRTed
arrival jitter etc. If thBaakpltfcathihr asisdap®i vCeO
nature, the RTCP feedbackC@BOfatis@ale | DSsteadh aa ser
predicted congestion by |l apbgé¢ edlashhg anthedenti Qer .

compression ratio. Thus tREemxeedyepnrtckofrtecmnsport |
plays a crucial role in dFBgnPYfiBg pan pBREER segssio

l ocalize eventual probl ed§d2]cl ose many reliable 't
( TCP) or alternatively, [

RTSP as i n RFC 2326][ 3], tates that it i s an
_ _ [3] &D§[3]. Real Net wor ks, Co
application | ayer protoc%l whii ¢ h acts as a . .
) « ) ) | etS(:apeh Cornmun“ caﬁl on ol
"net wor remot e control' ntr
ryBAFE) nas  wont o
over the transfer of RTP data packets over

Codecs Jser Codecs User

Interface Interface

RTCP
Packets

Fi g b5: RTCP Protocol

TECHNOLOGIES
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V. Capture/ Encode Se
A. Capturing Bl ock

Application

Capturing bl ock l i es very cl
webcam hardware modul e. I n fac
t he underl ying webcam driver

Capturing bl ock can | at ch t he

chunks of raw video on t o any

gueue. A good wunderstanding of

set could come handy while de

capture modul es. An essenti al criteria to

be noted here is the plagfgre: onnwwdi gdtitd® betw
webcam streamer i's running. V4a4had WAl Y edriver
API , Vi deo for Li nux t wo, as t he name
suggests is platform spewd QCel Limbdde)v-i eWdbR vaL?2
stands for V4l version 2A.| d4tge ssea duailntlecfaarcedc
driver system of which wihdr Cpp&€pp | arykerpyitshon he
t he videodeyv modul e. dronceu meit g odey Programmer’
module is registered asd&aSCcdhRiher eqf dd¢i eame is
with major number 81. Beneath videodev i s

the V4L2 drivers modul e. er s

are seen as clients by the | e.
When a V4L2 driver initial gi sters
each device it wildl handl| e s v il SIS vV by
passing a structure to v e

contains all the V4L2 driver nor
number and few other det ai | corevurrer IERU

Li nux driver met hods don' fcf:i‘t:rfi:"e‘;t s

from the V4L2 driver methods a
couple of parameters. ermemm 0 N

i nvokes a driver call, the Y o e moves
to the videodev met hod, whi ates

the inode structure pointe :

V4L2 structure pointers, alEE Ficaueuca |V
calls the V4L2 driver's me : o e v

acts as a thin shell arOundFitghe7:V4cLa2ptdurrieveFrlsow |

[ 4] .

TECHNOLOGIES
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Il n  Linux, the default Bapt@WoOé Odev 5deA Gl

generally at /| dev/ videoO. Any ot her vi deo

source could result in A CPilRdr SPtaCendsSx (yy math
dev/video(x)). The captulriecd0masf t&d &t opfene@l ors.
and queried to make sutMé&e€qdphgolgernjmadglss are R
available for capture. 9ragdRhircsypheYWWuelifyor vide
checks, the frame forma@hkorng&wd orgoprpating) [7]
i mplicitly added. Most addptlu¥e oblqur emodel , wt
allow 2 to 3 diKerent fholrunfatar epyadgdeefdy ytixget her
though, some cameras adaSfaatiryumn | qfygcelnqros. A coa
YUYV format. The webc@fh fOthr ehomegri bing a col
application has been dneoyde€ I pleSge s oo mMpi nation o
platform that outputtedndulblues o(Bpatfsor descril
irrespective of softwapPé - n"ﬁapniV\bhuaItatdiior(nesr.enCe do
YUYV format comes under OthéPgE®?colCpdror spaces
space in contrast to t hedi K&B endr R ogso@psol or

present under RGB colour space. A detailed o
account on colour spadbgn FdPI'd NYevideo digit
presented | ater on. oOnceY% hCe® Nt PrémahS €fas EaCh

been speci Qed, buKer s apieKEFreeqrhtestgﬁlmaatn%l of thei
subsequentlty enqueued. YOA®%t@r§Sngh tfheeW citabl
capture, a chunk of dat&"Bytes Vaptuhel beVﬂZ e
the device, I s mo v e d onRtGoBlt6heRpgaﬂestRchP?’z etc.

buKer. This bukKer is de'ueliefi®r §RGe et ween tf

suitable handler for moWiSng/O0 o cMsSsli i@ Vieh e P aSI

frame i s cal l ed. ThelOW tohee shsumagy brain perc

enqueutkdqueueing continu®E0uGT iVigheo Tntuitively

capture is implicitly stbplpky value for red, blu
t he most commonly wused

fmt.type = V4L2 BUF_TYPE_VIDEO CAPTURE; allocates 24 bits for € a
fmt.fmt.pix.width M; -
fmt. fmt.pix.hetght N for each col our . Ré®w) t h
fmt. fmt.pix.pixelformat = V4L2_PIX_FMT_YUYV; di K erent shades of red
fmt.fmt.pix.field = V4L2_FIELD_ INTERLACED; ’
_ col our span for RGB24 ¢

if (-1 == this->xioctl(fd, VIDIOC_S_FMT, &fmt))

this->errno_exit("VIDIOC_S_FMT"); with S 0Ome easy per mut at. i

account to 16777216 di Ke
Fig 8: Code Snippet

27 VVDN



YUV in contrast storesWhed oderal i R wiatmk an i ma
way as human brain €ewWor&kss.theagheblack and wh
core component that braimadachh¥ wesdytense ' col ori
is brightness or Iluma.Lovwkjiagra@derdnthe BReEeve cl
|l uma component and canthmd fbuhé& ®weh more eas
from RGB by averaging Makleowrutchdendimage from
with di Kerent weights %hhan efarctchm cthhaen ncehr.oma <cou
Luma is simply a posi€eXxaétlvalwbatwi¥WV ocol or
mar king black and 255 dfarr kti hgp awshsi toen tihe | uma
and V, also known as CBRM@uater ot #MdP MRorcont en
the chrominance or coffbKerent cehrognapgisubsampl

spectrum moves from redugt y88€eyB¢akadObe a que
green at the other whergasy Chbampyes gfeft@Mng to

blue to yellow. This igj&tseh?! ichlo@adsmddle?ss.

the emergence of the cofnge®Pt nlbh oWy pdSo r ¢ col ol
"impossible colours' whighyg§thgt sy tihhagt vi tecpasnne
al most i mpossible to pergeiyveciKkeirfhainRi atédnar
of colour as a single ¢cg0lgonuri alkre®sd 19 e Na s A a ¢ k

yel low+bl ue) . UV channel s. Thus YUV
compati bl e. Yet anot her
reduction per pi xel . Chr
can be averaged out by
causing much quality | oc¢
vi deo.

Fig 9: YUV Perception



C. Packed to Pl anar thdls ofcolf mat each 4 by’
would thus represent 2 Y
YUV format s fall i nwoul 2 ttuKebentmssigned to

categories, the packedChoamdt €r whereesNar &d. The
and V components are walclked ThegeQ@rhstr four by

and stored in a singletaageaetatyeranidad he prl abnyatre s,
format s, wher e eald-Vi) cpmpehent a(n¥d Y1 correspot
are stored in three di gexehs$ arorgeytsheandshare tr
| ater on fused togetheal itgmmeatmitheso@realhi ng t
i mage, from three dishieneti Wél pthnedV ¢8mmpoaremna
The raw Video output ghven tbhoy dNebrcagle array
Streamer is YUYV, a p@Pak«kddf dromantat NWW actuall

Mo s t vi deo encoder s dYi U\edc:t2l:y2 wor gl aonnmar f or mat
pl anar formats such asPIYUV4 'fgrmgygll'azr:eo quite

has been chosen as tBﬁckOUtplftoera{ts The Suo
0r mat for PA to PL Jgﬁlkese-rrpts h'ée%h:'ph?rgonnga. sTuhb
ask of pixel conversign 'h%svaarsﬁet boef mgbv ol
n order develop a suiﬁ(eg abgor\}d\/hin,l_aln iWUV4

f

t

I

depth understanding %flstblothlOtheslen the way |
f

ormats are necessary. been ssanmpl ed. Chammhi Bgbcaeé
YUYV also known as YU¥Xplaimaed amwdeaed itnhseamipel m
the memory as shown bekaoaweme as shown bel ow.

Macropixel = 2 Image Pixels

B Orderi
ARSIl VO U0 Y1 Vo | Y2 u2 Y3 V2

Y2 U2 Y3 V2

Fig 10: YUYV Representation

l ’VVDN
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4:1:1 4:2:0 4:2:2 Single Frame YUV420:
~H
_ N | N
H B H B H B
+ + +
123 4 J=4 123 4 J=4 123 4 J=4 j
cr, co) I - - 1 2 a2 [l 2 -2
(Cr. Cb) 1 b=1 b=0 1 2 b=2

% horizontal resolution, % horizontal resolution, % horizontal resolution,
full vertical resolution ¥z vertical resolution full vertical resolution

2: 0 Rep

Fig 1ampubng Scheme The P A t o PL bl ock d
mani pul ations on a fr ame

Pl anar formats are oftentakppeddbl hsames agdpoinp
of three parameters (J:a®B)thegnhal gerémédmcoRutput
siders 2 rows, 4 pixels da®£xXH fholroakei n| tuhset r ad s &9

The 3 parameters can be ®d@Pedd tshsm has been deve

. : account the component a
J: Hori zont al Sampling reference (pixels per
fow) chroma weightage.

a Chrominance sampl es pr gslLeent tihne trhees oQrustti on of
row sidered as M*N

b: Number of chrominance wsamel é nphhiandesame array
bet ween row 1 and 2. sumed to be of size |

_ _ ger pi xel ). .
This clearly explains YUVA4: . 0. A slab of 8 pix-

els as 2 rows of 4 pixelE5TUhBuPYtRYLEIAaME smal
di Kerent samples of chroma Cia&" tPhee tGHKs&N (3Sy [ M* N’
with no changes as it movesP&' Ptin%e® e x tT N dw.i 8 s
This is shown in the diagr&mkerend Remhddy -

representation of such a f#oThmeaty iasr reanyp lwooyueldd t ak
using 3 distinctive arrays |heodvdiinngg bYehilhdanMdu*W/ 2

separately. One interestingtiojenthetro note here
S th-at each pixel i n -YU\4]4|':r2(:)l% t'ﬁ“é‘g-%a%"éﬁ“i'dgjbscr
cohtaln only 12 bytes i n cfoonrtr\ga\t/4 tzo:o\’(U\i(\{ s ¢
WhIC-h contains 1? by.tes. Thhoﬂsd [pﬂg F4]IS_by?es ea.
signi Qcant narrowing in the video data si ze.

27 VVDN
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9 From the packed clustdhief tbeycthenso | otgayk e o f vide

out all the even byt &sfowmnam@tsi nngotfirodm compens
index O in an order edMiE® neadvtaon cfeodr mvi deo C
the Y plane. standard i one such mo

S
Average out the U andst\?ndardgrgl\l/l% Some of th
r

n t
from the odd and evenaTlenel\é]P G Ee%u'vclflzteEGadVancE

4:2:2 chersoanmap| Bmg to sjp.mpl g proQIe-4( ) - giM
: almost double the compr
sudampling. The vertical ol |
s ame quallty, on cofmpar
ASP. MPEAG/C was jointly
for (L=0; L1=H*N; ++i) Moving Pictures Expert
for (3o 00 S e B e ey rysourcetznLl; | U video Coding Exper:t
¢ pic.img.plane[1][j] = MP E-G AV C i s al so call ed

(frame3->YUYVSource[4*j + 1] +
frame3-=YUYVSource[M + 4*j + 1]) /2;

reduced to hal f.

pic.img.plane[2][]j] =

(f 3->YUYVS [4% + 3] + i

(Franea ovisoureel a3 2 Webcam Streamer Applicat

’ H. 264 encoding scheme t
dat a. The coding struct.

Fig 13: Algorithm | mplaggmgmntativgn The video se

frames whi ch are further
D. ENCODI NG BLOClks. A slice is a group o
Since the wearly ages aofblt_joiCkit%E }%éég pixel:
sHbP|V|ded-ma|cnrtooblsnl§s of
there had been a demaré 6or 8c08mpres-| b1 Dtk
sion. Though i1t is pra)c(fllbal Xto ﬂlaécreeosraw ks
. . . ffurt her bro.kden down t o
di gital Il mages, storing raw video
. ) 4 x 8, Ab)ﬁd' pixel s. The 4x4
sequence i's just not feda3|h eb An hourdd'ArV
l ong raw High Deintlaonn vtideeo ag,tlczgnc |.g:|
standdard [ 9].. Depending
frames per seconds would raw ulﬁ)to . _
) Formaﬁ,. chr oimi hamcae@anc
500 GBJ[ 9]. Compressing eac I mage 0N
) ) . . i nf or mati.ons vatry. For )
i ts own wouldlnltlallly seem to soot hle
) bl ock wo.ul d h?ve chr om
out the i ssues, but actually it wont. To
) subampl ed, scheme. Each s
overcome t his probl em, video
) have 1 byte of l uma per
compression algorithms hhave madeblIJsek
of the tempor al redun%larn(():rln%spelrn V|OdCeo
frames. Using such an approach, t he
val ue of current frame coul d be
predicted taking i nto account t he
previously encoded/ decoded frame.
}*7 VVDN



Depending on the H. 264 pgpcogdidigngsicehemeame, dat a
di Kerent frames fsuahe sampl Yy "tfo& i ng out unnece
(4 rame), Hrreadnec tfirvaghe ) » pi Kerence coding' s a
BiDi rectionadr dme)memayBbe, s¢usecdt-i on of video dat a
I n H. 264, di Kerent e nc ofdri gnge st Y PuesSe da 'ty SH.iXe€4 a's
dependent unlike older gshapd@ahds.stWmidar dasre[ gy .
frame dependent. This dmpdrietShmshecraer e Ul Yy com
I-S1 i ceSsl,i c®sS| i ceBframetreyyt redundant data. All
If rame is a self contaimygd gfrigme ptehactyrraemibe r am
i ndependently decoded wikthRoud| &Y PF @Yk OUSr e rem
frame referamese. have omdynsiM&@ted. Thus, a huge
singliSd i cle and ar e refpeprsisg | & Of 0@Svideo sequer
i nstantaneous decoder r@driesdh vielcBRIr sf v@™Me&in t he
I-frames are needed as fharfighgd ofPOiugmicsomPpF essing
reync points. They don'dedgfend@ti mpshr ediifeo pl-
tion and oKer negligiblgeco@d@RiensitPompdiaRmor Dec
Pf rames use t hd r apmeevia®dly of adding back the r
reference, along wi th smotcieof v meS T @leip@mding u
Bf r ames use one sliceg fagppem ¢y he. past
(reference) along with one slice from the
future (Prediction) [ 8].

Doorway scene ’ i
4
— H.264 (Basslng profile)
MPEG-4 Part 2 (No motion compensation))
— MPEG-4 Part I (With motien oomperaation)
-

7,000
5,000
5,000]
] = Transmitted Not transmitted

4,000

3,000

Bit rate (kbit/s)

2,000

1,000 % S 4
1 ) (%
T T T T 1 N B - -

T T T T T T
50 100
Time (s)

Fig 14: Compression EocifelnkcylS: Di Kerence Co
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The frames on the top aTlhke cethprhdepaedmoapply _pr ¢

an individual basi s andharpohranhsmistst gchi ng a
Motion JPEG is one suchememdatmgwhsthndaed i S r
the above mentioned schstmendaRed undedcdti n al l cC a:
data accumul ati on S opfr otpwaoltd .onBhe tr dQlees de
number of frames, in thosbescseehetbed.Thdere th

frames on the Dbottom haubfjgestuggaestild. 26n4 st and a
adaption of di Kerence dadcki nlgasailcgof eahmyres for
wher e t he mot i on vect @us poasleonel4jar e

bypassed additively.

Th ﬁ
mani pul ated YUV4:2:0 vioec—pocog NP k?%?’n%?nsqn all

e tedi ous t ask of en&(gglﬂ' En chdeerp_le)pcode AP
n t
x264 could be wutilized inﬂer} e? LS dpl(f att':f .Orl‘!'orlt
the same. x264 is a freedaltiabr'anrtos'\éettvhosrekd Afbosrtr
encoding vVvideo s#r elavnts iunntiotsN/IPéN(E'iCh then can b

| t provides a wi de set sa{e%rgim%%.nquq—E}c@e&m nfgl ajo
interfaces and API s distinction has been ma

Coding | ayer (VCL) e
if( x264_param_default_preset( &param, "medium", )y <0) A b stract | on L a y er ( NAL )
exit(1);
if( x264_param_apply_profile( &param, "baseline" ) < @ ) t h € S| g na l p rocessin g f
exit(1); . .
Codec. Thi s i ncludes
i_frame_size = . . .
x264_encoder_encode( h, &nal, &i_nal, &pic, &pic_out ); q uanti zati on , motil on C (
diction and | oop Ql t e
Fi 16: x264 API Se .
9 odtputs encoded slices,
sions of frame. We b ¢

A few important APl s haé’ﬁplbieceanticohnosneéwedfsorH 26 4
explanati on. The x264_pqreaar8_ydetfoau6é PFrE&R€hitted

() cal l sets t he unde.eriygngalqr%cofdoerr atnoaddi
compress t he vi deo at haana’lpeﬁéQCTrPéeﬁ\leAtL enco
mentioned by the paramete |Sotnr'w'?1%n Q%%S%tncod
is a set of options thatqu?Hleg R p%%l%? aln
encoding speed to Conwr{eesmpworw“x%zl ibre
®medium rated encodingeﬁg88gp QSi{PSE b%vhich
too sl ow nor too qmckencohoeedspgle ceha%nlts t
relationship with the e%%%%ed%dow nﬂl"gltﬁ}ﬂ
when it comes to |ive streaming, as video h

t o pass t hrough sever al bl ocks I n qui ck

successi on.
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VI . Streami ng S € (while (1) {
_ _ _ _ events = getEvents();
A. Initializing BI for (e in events)

_ processEvent(e);
The for mer hal f of t his

t he application l evel Ly w LU pUT wL oy
various bl ocks. One such wunit i1is the Initializa-
tion Bl ock. This bl ock heIpﬁgir[L?s;etE'\/regntupL@op
RTSP server. Webcam Streamer Application

extensively depends on H’h¥e5§%$’ve|a isneitti%flizati(
l'i braries for multimediai ns(;)tnrietaemilnogoppurcpoonsset'antI3
To exactly wunderstand theppeedf8h F4Efefheonss .
server, the application pgs ctloeabre Vtil‘?élveqoio'ﬂ) e o

alternate manner . WebcamgrSatbrbeiar{TberevSetnatnsdsand t hert

as a proxy between the Wﬁgﬁé‘lmerm.()dﬁillagiﬁadseen t h

the end client (say VLC)strTJ‘cutSurWeh,enoenVeercaVH'Cponde

requests for a live wepgamySitfeams Hhe cyent .

application has t o somestyosvs(erQetCeaqtlstlFiO:? dealir
noti Qcati on and ©pass onsterp%ctsz)'eampbpl(t)he epol

client. Al these dUtie?ncaérepohraantdeldedsep\éctanfor
RTSP Server. Liveb555 | ibrary set i's devel oped

i n .a hi ghly stru.ctured Serp%rcl:r%(?r) W?’ll(ine%afofes t h
easier for expansion. few basic tasks: check
The server l i stens keenhyy onncio nmirmedelQn@®sd t o be
port al/l the while the ampapluiaclatpiaogne igsi vrelsn mai nfgo.r r
Any change would triggersetettbaazk: fRusneclteicotn(s) €
to carry out all the evedds cdraingtl drngset'sCawh dsaec ka d

is a piece of execut abl ei nc ordeca dtf dast, iws ip &3 s&d ar
on as an argument t o semene obhert hebpde.descripto

Liveb55 event handl ers reascking,al hrebaekndy for
mechani sms for handl ingexwepttisonali ve5bbndition
i brary set suppemand’' broetshpectoinnel y .
streaming as wel | as i ve streaming. on
demand’ streaming in most cases are from
stored vi deo Ql es. Live streaming on t he
ot her hand uses a |ive video source. The basic
structure of an event | oop is as foll ows.
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fnt select(int nfds,
fd_set *restrict readfds, Framed Source
fd_set *restrict writefds,
fd set *restrict errorfds,
struct timeval *restrict timeout);

On Demand Server
Media Subsession

Fig 18: Select API
Webcam Device Webcam Server Media

select () AP I has s ome Session
mentioning; Primarily, i w hig e
descriptors can be '"read"’ from or '"written' t o
[11]. 'read' lets the serveFi@Bnd@: alg¥k@aSpaoalBub
has arrived while "write' noti Qes the server 1its
okay t o reply t o theFramede spamnrctiengi s one am
descriptor. Second, the ft bmeollityv ebdbrsSamet Brary S
can be made nul I, meaniingpotrteans elAdPdts . c gl Next F
bl ocks indeQnitely untihe poi mopeitadeddess of t

descriptor showcases someghehan®AaL units are stor

An RTSP URL is created '&&*35¢ﬁ§|fpuéh khefor st
webcam module by Webca%{'%QWQ&uﬂBFtwe?” the enc
Application which is |abk¥Ye3%5 (sielygragyesn&an b

client for getting the sfPH8gmsted by Ross, arct
l i brary set, FramedSou
B . Streaming Bl oc k subl assed t o exhibi't

i mpl ementation for the w
The word streaming woul ds btel amaxsr,e Wél®oarmPevi c e,

miliar by now. What woul@hihawpednrwbehyViGvoke 1t/
requests for a stream? Whartn c adursievsest heot Qew f un e
of packets across the nemham®ir X?I atoi camm s wer vadll| a s

these questions, a deepefalkkemal yal sonf aStreaeme-bas
ing Block is required. lkhcbd8eduhdedtbhat thbe a
reader has a copy of Live%a%ibhbr arhe saedtdrkes o
fore proceeding to the comiLhgnsectsiiomned is pushe
i's accessed inside the d
Il nsi de WebcambDevice cl as
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The NAL headers are careOnbDémapdbsesedeaMeddit aBubse
payl oad is separated outot Héhri s cilsasgi v & h at-col &shsee d
get Next Fr ame API1 presefVebdamStehe empMedindSessi on
cl ass. Get Next Frame () caddess dd Get Njexlt Frodametr ansf
() which in turn calls aWebecraGeDetviincge( )cl| aadd.er Gleo u
ting() cyclic#&lrlayecdal asn dyelthdNasmEer ver Medi aSessi on

cycle continues. One i mployt amnhe tthrn ammgs ft @or noft econt
here is doGet Next Fr ame/( )afhtaesr bteheen RWISPt thalnldys hak e
de®@®ned allowing it to be i mplemented as per

the users choice if FramedSource is to be sub

cl assed. Thi s i s exactly being done by
Webc®dDmvicelasls with its own imple-

mentati on of-Frdaomze(t) Nexpr obi ng

NAL queue to see I f it is empty.

foid WebcamDevice::deliverFrame() {
if(!isCurrentlyAwaitingData()) .
return; Fig 21: RTSP Handsh
x264_nal_t * nal = nalQueue.front();
nalQueue.pop();
assert(nal-=p_payload != NULL);
int truncate = 0;
*#*#*NAL HEADER PARSING DOMNE HERE****
if(nal-=i_payload-truncate =(signed int)fMaxSize) {

fFrameSize = fMaxSize; 192.168. 239. 27 i s t he C
FNunTruncatedBytes = o
Jinal >1_payload-truncate fMaxSize; 192 1 6 8 2 3 9 1 90 iS th e S
else . . .
fFrameSize = nal->i_payload-truncate; shake I N t his scenari o f
fPresentationTime = currentTime;
memmove(fTo,nal->p_payload + truncate,fFrameSize); OPTIlI ONS whi ch shows var.i
FramedSource::afterGetting(this);
of requests. Af ter few
Fig 20: NAL Unit Tr axnsd efesponses, a SETUP |
the client to the server
command is handled by ¢t
The memmove() call COp'erﬁerNtAiLorPé‘dtiﬁ‘dfjﬁésf‘)reviou

ont o f To, a char pOi”t‘?irliﬁ“g?m%EFI'UFW,itEFSBoaJtrecl\ee(WSt
FramedSour ce. ettt e i tnlgd t)  dfatde 1 5 function inside
been call ed from WebcampPeydsel siCdiSfs tQall ed. T
pass on this object contyaiptiaghESelt 0 8e Nébod Nhys ar
address onto the parent ﬁétaésdgbﬁf“?fjg‘ﬁuro?e-this c
| f doGet Next Fr ame () resphteagddt 2R3 utedPtypne cal |

gueue with no NAL wunits, It returns without

bl ocking. Later when NAL wunits arrive into

the queue, event | oop handles It as an event.
»2VVD
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