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The videos are then received on the coaxial ergrafithe VITEC Optibase MGW PICO (Figure 6) whigteoates the
analogue to digital conversion and provides thé@aligideos to the Proxy Server through an Ethecabte.
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Figure 6: VITEC Optibase MGW PICO

Finally a PC laptop, called ‘Proxy server’, is dgpd in the ambulance and it is in charge to cénérall the different
flows acquired in the emergency area, to providdityucontrol and adaptation through the applicagontroller and to
add adequate protection before transmission (FER). Proxy Server acts taking into account crossflaygnalling
information on QoS and priority requirements reedithrough the DDE. Moreover, a module will tramsfothe
multiple AVC streams into a unique MVC stream, amdther module will cypher the different streamstfe security
aspect.

Body Area Network

The overall body area network part of the demotistraestbed topology, designed and implemente@vatuating the
multi-sensor-based mobile patient monitoring ahe-t®nsultation system, is depicted in Figure 7e Home Agent is
realized by a Dell Inspiron 7720 notebook runninglli@6D-NG daemon configured for Home Agent functbty. In
the demonstration testbed the core router is an A8 500 with DD-WRTv24 OS (CrushedHat distributioi)vo
OpenVPN daemons are running on this router. Onhamel an OpenVPN Server provides an appropriate #édéess
for the 3G connection of Android Smartphone usif§PR'D. On the other hand an OpenVPN client operatesan
IPv6 over IPv4 or IPv6 over IPv6 tunnel, intercoctieg the testbed with our IPv6 domain, indepenigeot the
router’s actual IP access. It means that the dvarahitecture could be portable and in the woesteconly recovers
legacy IPv4 connection for the core router.
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Figure 7: Body area network demonstration setup

A Samsung Galaxy Note 3 Smartphone plays the rél¢h® MN. The core parameters of the demonstration
Smartphone: 3G&LTE/Wi-Fi connectivity, Full HD (108) display resolution, 3 GB RAM, Qualcomm Snapdrag
800 Quad-core 2.3 GHz processor, 13 MP primary AandlP secondary camera, BT4.0LE, GPS. The software
architecture of this SmartPhone is highly custochiz€he Android-based system, where cross-layerrimdtion
transfer plays an essential role is depicted imfeéi@. We introduce each part of the system inteobwup approach.

Our architecture requires special kernel configaraextended with Mobil IPv6 support, MIP6D-NG pags and also
kernel module modifications. To apply these charigebe kernel level of the system we had to redterihe whole
kernel source.

Figure 8 shows the native layer containing all tbed, cross-complied native binaries and assocléetties such as
Lighttpd, Pingm6, and Socat. Also MIP6D-NG binargesl libraries are located in this layer.

For multi-access communication, the Mobile Node (Mi¢eds the ability to communicate via two (3G &MdFi)
network interfaces (with IPv6 support) simultandgusowever even the newest Android OS versiongdfAiu 4.4) do

not allow the simultaneous usage of them. This faated us to modify the application framework lay&n overall
Android OS and kernel source code recompiling duiired to apply aforementioned modifications.
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Figure 8: Highly customized Android-based cliembhimal

In the Java layer we devised and implemented a laodundroid application comprising three main pafke first is
the so-called Radio Access Network Discovery Mod(FRANDM), which is designed to measure the différen
parameters from multiple layers of the availablémoeks (e.g., signal strength, delay, and packss)loand also to
collect network information from the Network infoation service (NIS) and the WLAN probe using thetBbuted
Decision Engine (DDE). The Handover Decision ancdiion module (HDEM) can be divided into two parts
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Handover Decision (HDM) and Handover Execution MediHEM). HEM communicates with the native MIP6D-NG
daemon, creates and sends flow register and flosdatepmessages (see later) induced by the advaremsich
algorithm. The register message allocates andiliziis a new flow entry to the selected networkrifiaice while the
update message updates an existing flow by the Hantifier (FID). For the cross-layer informati@xchange a
socket-based communication scheme was designedealoped. HDM decides about the necessity of tredbif
based on the decision algorithm (see later in namtil). HDM directs the HEM to send flow registar update
command to MIP6D-NG. The HDM is a modular, exchaige part of the architecture, thus we can modiky t
offloading decision scheme easily.

Medical data are provided by two different wearatdeices: a Zephyr HxM and a Samsung Gear Fit Svaéeh. The
Gear Fit (Figure 9) communicates via Bluetooth BB with host Android Smartphone. It has a 1.84" vaat
SAMOLED touchscreen display and possesses diffdyeii-in sensors, such as accelerometer, gyrospepemeter
and heart rate monitor.

1.84" Curved sAMOLED Provides real-time body Equips built-in notification
Touchscreen Heart Rate Sensor vital sign information handler of 3rd party apps

-

74bpm >

Start 03/05 3:25 PM

Bluetooth 4.0 LE
communication with Host
Smartphone

Figure 9: Samsung Gear Fit wearable sensor device

‘ Gyroscope, Accelerometer

The Zephyr HxM (Figure 10), which also prefers Bagth communication, is able to measure heart sgteed and
distance. Bluetooth low energy or Bluetooth LE Bar Smart) is intended to provide reduced power acongtion. BT
LE is used in the healthcare, fitness, securityl@ome entertainment applications. It uses 2.4 Gelguencies, and the
maximum of data rate is 1 Mbit/s.
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Figure 10: Zephyr HxM wearable heart réte sensor

2.1.1.2 Hospital

Coordination Centre
The hardware for the demonstration setup of therd@oation Centre is shown in Figure 11.

congliio ,



FP7 CONCERTO Deliverable D6.4

NETGEAR

Figure 11: Hardware of the coordination centre

The hardware for the coordination centre is a RaEfq@im. For mobility reasons, a laptop was choserut the central
server (hosting the Media Server) representinghibspital infrastructure. The hospital network ipresented by a
WLANY/LAN router. The central server is connectedhe router via LAN.

A second PC equipped with a GPU card is also depl@y the Coordination Centre to implement the eeind server
in charge to manage the 3D medical images stored.

Doctor’s mobile devices

An ASUS Nexus 7 tablet computer is employed to @sent the client device of the medical staff, eof.a medical
doctor. The mobile device is connected to the hakpetworking infrastructure via WLAN. In the denstrator setup,
the hospital network (i.e., the WLAN/LAN router)ésnnected to the Internet in order to receiventieelia streams and
supplemental data from the Source Area (i.e., theulance).

Further 3D capable devices, as laptops or handielites, are equally integrated in the platformmplement the 3D
medical data client.

Quality evaluation

For the real-time evaluation of the quality of rieed and/or recorded 2D/3D multimedia traffic aléat§Gadmei 3D) is
used. As an alternative, also smartphones with &idddS (e.g., LG, Samsung...) can be used. The dévicennected
wirelessly to the computer where the video is platyeough a Wi-Fi access point (IEEE802.11n).

2.1.2 Software modules

Video encoder and decoder

In the demonstrator two logical video flows requiriencoding and decoding are included: one fromethergency
area to the hospital (Coordination Centre) and corset one inside the hospital from the server atGberdination
Centre to a user.

For the first logical flow several H.264/AVC videmcoders are implemented. Moreover an AVC-to-MVahscoder
which binds several H.264/AVC videos in a single26/MVC flow is implemented at the ambulance. The
corresponding decoders are instead implementedeaC€oordination Centre in the hospital area. Fowdl from the
Emergency Area to Hospital Area RTP transmissiamjgemented.

conglo
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For the second logical flow, three different codans used: H.264/AVC, HEVC and JPEG 2000. For thpleyment
of the codecs, a pragmatic approach is used. lergerH.264/AVC is used for all video links. Esmalyi hardware
encoding and decoding does not support HEVC yet.specific video links, however, the usage of HEWCalso
investigated. Especially the link from the Coordioa Centre to the tablet computer using RTP trassion is
targeted. Specific functionality of the HEVC encoakeveloped for the demonstrator is presented icti@Ge 2.3.
Software video encoding and decoding is used innthéng component of the Media Server, which is software
platform for hosting the components of the CoortiovaCentre. For the transmission of DICOM 3D flgvirsstead,
both JPEG 2000 and H.264/AVC can be used.

Application Controller

In the Source Area the Application Controller ispiemented to take full advantage of the cross-lagfarmation

retrieved from the Access Network and from the HtaspArea. This module is integrated in the ambuaignat the
Proxy Server, where the different streams generatethe Ambulance Emergency Network are aggregatetie

transmitted to the hospital. Basing its decisionstlte received signalling, the Application Conteolbetermines the
encoding and protection parameters to be applietheodifferent flows and operates, if necessarg, gblection of
videos to transmit.

Encryption/decryption module

An encryption module has been integrated at the Wamtze in order to protect critical transmissiorween the
Emergency Area and the Hospital Area. The corredipgndecryption module is integrated at the Hos$pitea in the
Coordination Centre.

Video mixing component
The structure of the video mixing component inthedia Server at the Coordination Centre is depiatdeigure 12.
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Figure 12: Video mixing component of the Media ®erv

In a first step, a media connection is set up uffiegReal Time Streaming Protocol (RTSP) as defind@&TF RFC
2326. The established connection uses the Real-finamsport Protocol (RTP) as defined in RFC 3556e T
encapsulated NAL units are de-packetized and fatedrto the H.264/AVC decoder. The decoded imagas the
video stream are stitched in the pixel domain usingint picture buffer. The images from the pietduffer are
encoded either in the H.264/AVC or the HEVC formBie resulting NAL units are packetized in RTP.STRTP
stream can be requested from the outbound RTSP#RM@r from any RTSP/RTP client.

Video and data storage components
The structure of the video storage component inthdia Server at the Coordination Centre is degiateFigure 13.
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Figure 13: Video storage component of the Mediar&er
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Inbound RTP media streams are received over the ¢i€Rt after the connection has been establistsauyuRTSP.
The received media streams are stored in MP4/SpFofllater replay. The replay can be requestedhfendedicated
RTSP/RTP client. A selected stream is also maddada in the MPEG-DASH format for near-real-timeewing.
Therefore, MPEG-DASH segmentation and encapsulaigerformed and the Media Presentation DescrigfibPD)
file is created. The replay can be requested frodfBEG-DASH client.

At the Coordination Centre, a MySQL database useddre 3D images in DICOM format is also impleneenthat can
be accessed remotely by doctors.

Dedicated RTSP/RTP client

Any compliant RTSP/RTP client (e.g., VLC Media Rigycan be used to receive the RTP video streaom fhe
Media Server. Both, the stitched streams and tHidual streams can be received. The dedicatedPREEP client
developed (i.e., the Live Media Player) within CORTO provides some additional functionality. A camitbrowser
lists all available streams. This way, the avadaftreams can be configured/updated in the Codrdin&entre. The
user (i.e., the medical staff) does not have tdoper this task. Only the client device has to barmzted to the server.
Furthermore, when receiving the compound streabhitg one of the windows will establish a secondreation for
receiving the selected stream in full resolution.

MPEG-DASH client

A standard-compliant MPEG-DASH client was develapgédan receive the video streams from the Mediev&': the
media stream is therefore transformed into the MPEASH format at the Media Server. The stored mexdia be
transformed immediately into MPEG-DASH format irder to allow near-real-time (delay of a few secratiseaming
as described above. The MPEG-DASH client receitiesMPD file from the server and subsequently regoesia
fragments based on the information in the MPD.

Cross-Layer signalling components

The transmission of information between differemtdules of the platforms and different layers isf@rened through
the use of two components, namely the Distributettiflon Engine (DDE) and the Network Informationrsee

(NIS). A full description of these components isoyded in Deliverable D2.3 [10]. Different instascef these
components are present in the Emergency Areagirititess Network and in the Hospital Area. Alspecgl, TCP
socket-based cross-layer solution is applied betvwhe flow mobility decision logic and the MIPv6deal execution
scheme inside the mobile clients. This socket-basedis used to manage network layer mip6d-ng mesldy the
decision module working application layer.

Real-time quality meter

The real-time quality meter module is composed byapplication and a user interface developed fer Android
operating system. Thanks to this component it ssibe to measures the 2D/3D video quality peraklve users in
real-time. The application is deployed in the HtapArea and can be used to analyse and potentiaflyence
(through feedbacks sent using cross-layer sigmgllithe quality of videos received in real-time ordvaluate the
quality of recorded videos.

3D medical data rendering

To allow the transmission of 3D medical data staatthe Coordination Centre, a rendering servatsis implemented
in a PC equipped with a GPU card. It implementBBG@ 2000 encoder and decoder, an H.264/AVC videodsr and
decoder and an OpenGL-based volume rendering enfiribe client a web based GUI is equally impletaen
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Flow mobility decision engine

In order to optimize the transmission of the daaegated in the BAN of the Source Area, a smartptpdays the role
of aggregator and manages the transmission ofatzetdrough the flow mobility decision engine.

The decision engine responsible for adaptive, flevel mobility management is based on the well-kmow
methodology of Analytical Hierarchy Process (AHRhe first step of AHP is the decomposition of thecidion
problem into a hierarchical structure. The firstdepresents the goal of the analysis, in this ¢hseselection of the
appropriate interface for the registered flows. #atliteria parameters for cross-layer optimizat{packet loss, delay,
jitter, number of handovers, cost and bandwidti® iatroduced by the second level. The third lewahtains the
alternative choices (i.e., available network irdegfs on the Smartphone device).

The decision starts with the creation of a pairewiemparison matrix; each entry of this matrix pris the importance
of criteria relative to each other. In the demaatstn environment we consider the flows originabgdthe patient’s
Smartphone device in the BAN and define the comsparimatrices for all different data flows: one floe data stream
provided by wearable sensors and one for videarstirgy.

The second step is the calculation of the matrialrnative option scores. Finally, the globalrsceector is calculated
where the bigger global score indicates the beiternative of the decision problem. The flow mipitlecisions can
also be taken in a network-assisted or networkrotleti manner, taking advantage of the informatiolected through
the extended capabilities of the DDE and NIS systexpplied for cross-layer information exchange leetwthe
network and the mobile node.
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