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Abstract—Performance in android based devices is a m
concern. A number of frandrops can be seen whiplaying
a 4k video on dess powerful device. A m-purpose android
settop box should be capable of playing the 4k vic
alongside of its basic functionalities. Sometinteshardware
allotted for the setep box may not be up to the mark. Her
it is difficult to handle 4k videos at a smoother rate.tackle
the above problem we have come up with the solutitioh
tunnels the compressed/uncompressed audio traekttirto
the SmarffV based upon its capability. The solution is
for ST's set top box. Ithis paper we discuss basics of set
box, android audio architecture and the solutiom frame
drop backedby the experimental results and by us
standard testing methods.

Keywords— Smart-TV, tunneling, 4kideos, frame droy.

I. INTRODUCTION

Android settop box is an ongoing R&D oject at in most of
the electronic tech giants like STMicroelectro. This set-top
box runs the latest android lollipop. As the céablevision anc
satellite television industries enjoy years of aumdgrowth,
cable/satellite operators are now investing in“thgitization”
of their systems. This is resulting in the trawsitiof the TV
transmission infrastructure from an analog envirentrto &
digital one. To use current analog television detsecive
these digital broadcasts Set Top Box (STB) is reaugs
Figure 1show the flow of signal from satellite antenna .

Fig.1: diagram showing flow of signal from satellite ana
to TV
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SetTop Box or STB has become an integral part of
viewing in many parts of the world. We commonly $bis
sleek looking device sitting on side of TVs. Thoutltis
device looks slim and simple but it is one of thestncomple>
embedded systems today.Bs are increasing their feature set
day by day. Few of the common features in currenegatior
STBs are time shift mode viewing, recording, In&trbasec
viewing, video on demand, Full High definition vaeutput
etc.

In this paperwe will be discusing the basic android audio
architecture which is the preliminary requiremendr
understanding how the audio calls are handled. \Weaiso
discuss analysis and designour system. In the final step we
will see snippets of implementation and test res.

. OVERVIEW OF THE PROPOSED SYSTEM
In this section we will see the general architexioff STB. We
will also see the android audio architecture whigh give us
a brief understanding regarding android audio nus
invocations.
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Fig. 2:STB ArchitectLe
Figure 2 shows the complete set up used for

implementation and testing of the module. We uséts
Cannes 2.5 board for development and testing. AMGbox
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was used for sending the images to the Board vist
computer.Stream server is an optional entity which was
for testing live streams.

SoC

The System on chip contain two ARM processors SK&
like Orly B2020, one SH+ (used for floating poir
calculations) on ST SDK1 like lille, leage c, céfidione
ST231 andbne MALI (used as a graphics engine) proces
Stream Server

The stream server contains all the streams toéwed on the
receiver in digital format, it is connected to a M®@ard which
converts the signal to Radio Frequency and senddhei
TUNER card on the board.

[I. SDK2 SOFTWARE OVERVIEW
ST has a comprehensive media framework based crvhes
codec blocks available in Cannes 2 (STiH410) ptatfoThe
framework is known as Streaming Engine (hencefoetted
SE) which has a complete player implemtion (including
AV sync) and is implemented as a kernel module. él@x
Android mandates the use of OMX IL APIs for all eo
related functionality and hence ST provides an ONXayer
based on the underlying SE kernel module. The OMXslI
implemented irboth user space and kernel space. The k
space module is called OMXSE (OMX interface to
underlying Streaming Engine). Apart from this théL\? and
DVB APIs are also used. The user space OMX IL cgsif &
set of C++ classes for audio and videoxocomponents an
ports which handle the OMX state machine. Inteyndtiey
make use of the V4L2 and OMXSE kernel drivers toeag
the underlying hardware codecs.
The following figure showsmplementation of the OMX 1.

STAGEFRIGHT OMX

LibStageFrigr
omx Core OMX VIDEO OMX AUDIO
OMXSE LINUX VA4L2
DVB

STREAMING ENGINE
Fig.3:SDK2 architectur
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ALooper/AHandler

V. NUPLAYER OVERVIEW
NuPlayerDriver provides the implementation
MediaPlayerinterface and is used for all kirof streaming
playback. However NuPlayerDriver is more of a wrapand
the actual implementation is through the NuPlayEs<
NuPlayer control flow is fully asynchronous and dzh®n the
classes described in the follow
diagram:

cPP

AMessage

friend of

post »
4
/ \

,/ ALooperRoster (Singleton) \\\

Thread Handlerinfo

Alooper::LooperThread

Fig.6:NUPlayer overvie

UserLand

Foundation Classesviessage
Class names start with
Following are the main clas¢

* AMessageRepresents data which ns to be handled
asynchronously. Contai a field called “what”
representing th&ind of message. Conta an array of
data items. Each data item has a unique name ai
using a C union support is provided for all kind=lata
types including object pointers. F methods to convert a
Binder parcel into an AMessage and -versa. Event—
An event is a timed “AMessag

« AHandlerRepresents an entity which can process
AMessage. Processing is done in onMessageRece
function.

« ALooper-Represents a thread which runs an infinite l¢
Maintains a queue of events. Anyone can pn event to
an “ALooper” which is put at the end of event queTiee
thread loop removes events from the queue (base
timing of the AMessage) and delivers them to
appropriate handler.

e ALooperRosterSingleton object which keeps a list
ALoopers andassociated AHandlers. The interact

letter “A” for “asynchrontt
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between loopeand handler is done via this single
object. Each loopeneeds to associate a handler v
itself. When processing the event from its quedeppe
delivers the message to the associated ha

NUPlayer Classes

Fig.4:NUPlayer Classes and their relati

NuPlayer is designed for streaming useses andxclusively
follows asynchronous message based control mechaThe
IMediaPlayerService::create() APl gives an [Medéfet
interface and callingMediaPlayer::setDataSource() create
MediaPlayerBase object which is an NuPlayerDrivgeci
in case of streaming playbadkuPlayerDriver's main role i
to act as a looper to handle message passing mschaihile
NuPlayer acts as the message hemand performs the aal
functions of a media playeNuPlayer contains an object e
of a Source, a Decoder and a Renddtach of these class
is defined inside the scope of NuPlaytais:. Each of them
acts a message handler and is associatei the same looper
which is implemented bMuPlayerDriver
NuPlayer also maintains reference to the audio antknative
window passed by the application/client. Tt are used for
audio/video renderingNote that the Renderer class o
manages the A/V sync and actual rendering is donéhée
Decoder class itselbecoder also maintains the reference
application passed native windowdanoses it to get decod
output buffers and rendering the video owt. Actual
decoding is implemented via ACodec class which he
“asynchronous” equivalent of OMXCod(part of Stagefright
player) and the Decoder class is just a wrappeAfoodec.
ACodec implements AHierarchicalStateMachine andbfas
the standard ptrn of OMX component stat
In a typical playback usecase, the application kes
following set of API calls.

MediaPlayer player = new MediaPlaye
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player.setDataSource(u
player.setSurface(surfac
player.prepare();
player.start();

player.stop();
player.release();

NUPlayer DataFlow Sequence diagr

C Part
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Fig.5: NUPlayer sequence diagram for DataFl

V. IMPLEMENTATIONAND TEST RESULT
SNIPPETS

A demon is created which reads the TV's capalslifier

audio decoding. If TV is capable of deing the audio

stream, AUDIO_OFFLOAD flag is set in the NUPlayéass

which bypasses audio directly to the TV hardwaneubh

hal. When the streams are passed by NUPlayer tc

underlying audio player, it will simply forward ib theTV.

Following are lhe steps in the implementati

1] Daemon reads the HDMI capability on star

2] Read data is stored in the data struc

3] Following steps take place when a 4k Video streaques

takes place:
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3.1 NUPlayer reads the hardware capab

3.2 Is TV capable of decoding?

3.3 If yes then pass the compressed audio str
directly to TV.
4] Audio and Video sync is handled by TimedQueue#
Above method reduces the overhead of audio decadidgr
the assumption that TV is capable of performing i@
decoding. If TV is not capable then the the decgdiill be
handled by the board itself.
Following is the code snippet for the daemon rea
hardware capability.
/hdmi horplug £l3

finclude "eclient/inc

Ehakip veid helpl) |
E’;}m"usage:\c"];
intfi"\tEp get videofaudis standard: § hdwi horplug testi\n");
pringil"\sto set video standard: § hdmi hovplug test -v <vilzstd
standard>\n"};
\EED =et audic stapdard: § hdmi hotolog test -=
<LDCM/ACY/\"Dalby Digitals\">\a"l;
ntii"\kte =et a/v standard in I command: # hdmi hotplo
<y4lZstd standards> -z <LPCHM/ACE/\"Dolby Digitsl+\"s\n');

}

oo
zintf |

ik mainiinh axgn. char*®-argy) |
Zfiszge = 11 |
r'hsr je:cu[‘

3nt ret = stmHdmiHorpln

Iflrec = 0} ¢
rintf{"Current displsy standard is- "%="\n",desc);
] gl=e |

Prippil"Connot get Current displdy standard\n");
|
ey = EL.E}‘{QEP_EE..E gy getiudiade (desc
iffres =
i) uu:rant audic stsndard
] elze |

BELRLEL™
|

} else afiarge > 2 3k
shaz preulesalind,
pravbzac(il = ngybesc
FRRliRE 4 = 1 acaews 357 |

E-e.‘g-sg"‘] = nay Tle=|:[D] = "\0';

iz '§3'\n",dagcl;

Cannot get Current 3udio standsrdin®|;

L= nd.=r_ 1z "&s' \n" ;Lgbpgggl,

m"‘few display

| el=e |

priptf("Cannot zet New display standardin’|;

Fig. 6 Daemon code snipg
Performance testing
Performance of 4k videos was tested using a momitol.
Monitor tool is an STinternal tool. It displays the frame dr
rates, total frames displayed, queued, repeatereleased.
We recorded certain readings before the implemientatater
we ran the same video for the same build. Folloveiregsome
of the screenshots before and after the che
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Fig.7: Monitor reading before the chang

Fig.8: Monitor tool readiig after changes

We also ran CTS(Compatibility test Suite ) by geodbr
media playback. Initially there were a lot of téstures. After
the implementation the failures were greatly redu
Following are some of the snippets for CTS ran rfedia
package.

Show Device Information

Test Summary
ETS version 6.0 0
Test imeout 600000 rris

Host Info dihexd0103 (Linux - 3,13.0-74-genenc)
Plan name A

Start time Thu Jan 21 17:37:301ST 2016

End fime Thu Jan 21 22:34:56 IST 2016

Tests Passed 1159

Tests Falled .

Tests Timed out 1]

Tests Not Exacutad 0

Test Summary by Package

Inm Package | Passed | Falled | Timed Out  Not Executed | Total Tests |

android media. 1154 54 ] ] 1213

Fig.9: CTS results before our pa
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Show Device Information

Test Summary

CTS version 51 14

Test timeout 600000 ms

Host Info dihexd0108 (Linux - 3 13:0-71-generic)
Plan riame A

Start time Tue Dec (8 14:29:41 IST 2015

End time Tue Dec 0B 18:30:45 15T 2015

Tests Passed 1181

Tests Failed 22

Tests Timed out a

Tests Mot Executed, 0

Test Summary by Package

[Fest Package | Passed [ Failed | Timed Out | Not Exesured | Toral Tests |

android media

1191 22 0 0 1213

Fig.10: CTS results after our patch

If including units in the label, present them withgarentheses.

Do not label axes only with units. In the examplaite
“Magnetization (A/m)” or “Magnetization {A[m(1)]}",not just
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into Android Stagefright

Efficient

TV

using

“A/m”. Do not label axes with a ratio of quantitiasd units.
For example, write “Temperature (K)”, not “TemperafK".
Results

We successfully improved the 4k video playback a8 S
by tunneling the audio directly to the tv. An ialtilag was
seen after the video starts. Later the video psaysothly with
very little frame drops.
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