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1) : i
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. Market
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FOSP_pateni_document.pdf Ban Lee SM10/2013
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Etecticat & Computer Engineering, Computer Software

Company Contact o B Emall

Agreement id Title Party Type Status Effective Updated

App No Patent No Internat Title Country Type Status Filed tssued Updated

Contributor(s} other than above-fisted ler[s):

Patent US20120173748 A1, 7 5, 2812: Hybrid ransport-layer protocol media streaming. In this patent, both TCP and UDP protocols
are used 1o stream media. The invention delivers the higher-priority media data to the client over TOP, and the lower-priority media
data 1o the client over LIDP, Although the patent does not speci cally de ne what highar-priotity and lower-priority data are, it states the:
following: "in an instance In which the media data 5 encoded as a series of piciures, the 4 rst portion of media data comprises higher-
Known priority intra-coded pittures and the second postion of the media data comprises one of more lower-priority inter-coded pictures.” The
inventions abowve stalement clearly Indicates that this invention also partiions the data at the frame ievel. Moreover, higher-priority dafa is senf as

thatwill  intra-coded frames, whila lower-priority dats is sent as inter-coded frames. In contrast, our invention utifizes NAL units as the basic unit
competa for distinguishing betwaen higher-priority and lower-priodity data as mention above. Thus, our invention is vaty flexible as it allows
with priontization of any H.284 synfax element. In addition, this invention does not consider inftial bu flering and re-buff ering. which are key

invention:  metrics for Quality of Experience {QoE) of video sreaming. Qur invention divides a video into sub-streams and transmits themin an
overapped manner to minimize inftial buff ering, and the ocswrrence and duration of rebuff efing. Moreover, for esch sub-strearm, high-
priority data {L.e., SPS, PPSs, and slice headers) is fir rst sent via TCP to aliow the decoder to apply EC and reconstruct frames when
low-prionity data (i.e., slice data} falls to anive due (o packet Ioss. Finally, our invention ulifizes the stack fimes hetween sub-streams to
send I-slices, which improves he visual quality of Hrames and reduce eror propagation.

Conception
Date: 127712012

First

Reduction to

Practica:
vider streaming over WLANS faces many challenges because video data requires not only data integrity but also frames have
strict playout deadline, Traditionat streaming methods that rely solely on either BDP or TCP have di culties meeting both
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AbstracNon- requirements because UDP incurs packet j0ss whike TCP incurs delay. To overcome this probiem, this invention, catied Flexible

Confidential  Dual-TCPAIDP Streaming Protocot (FDSP), utllizes the benefit of both UDP and YCP, The FDSP takes advantage of the

Surmmary.  hierarchical structure of the H.264/AVC syntax and uses TGP o transmit higher-priority syntax elements of H.264/AVC vides and
UDP o transmit fower-priority syntax elements, Moreover, If exira network bandwidth is avaitable. FOSP can send additional
lower-ptiprity syntax elements via TCP to further improve visual quality.

Video streaming over WLANS faces many challenges because video data requires not orly data integrity but also frames have
stict playout deadline. Traditional streaming methods that rely solely on either UDP or TCP have di culties mesting both
Concise requirements because UDP incurs packet ioss while TCP incurs defay. To overcome this problem, this invention, calied Flexible
Description  Dual-TCPADP Streaming Protocol (FDSP), utiizes the benefit of both UDP and TCP. The FDSP takes advantage of the
ofinvention:  hierarchical structure of the M.264/AVC syntax and uses TCP 1o transmdt higher-priosity syntax elements of H284/AVC video and
UDP to transmit lower-pricrity syntax elements. Moreover, i extra nefwork bandwidif is available, FRSP can send additional
lowec-prionity syntax elerments via TCP to further improve visual quality.

Untike tradiional detar, ¥ansmitting video data requires both data - tegrity and strict detay. TCP and UDP are the two
fundamental Transport Layer protocols used to transmit video data through the network, TCP Is a reliable protocot but it incurs

;@m‘s’) this deday. In confrast, UDP results In minimal delay but su ers from packet loss, Curent streaming methods solely rely on ¢lther UDP
sobves: or TCP, and thas have di culties meeting both requirements. ‘This invention solves this probiem by utilizing both UDP and TOF,
) as wall as prudently sefecting Important parts of H.264 syntax slements as high priority data. This combination e ectively

achieves a balance between delay and visual quality.
The essence and novelly of this invention are two-fokd: - First, & video st is subdivided irto sub-st containing a
sequence of frames, Then, H.264 bitstream for each sub-siream is parsed on-the-fly into high-priority data and low-priority data
at the Network Abstraction Layer {NAL) unit level. For example, Sequence Parameter Sets (SPS) hold informatlan common to
the entire video, such as the H.264 pro fe and level parameters. Ifa SPS is jost, the eatire video cannot be coded. Picture

Nove! and Parameter Sets (PPS) contaln conwnon parameters that are applied to sequences of frames or group of plctures (GOPS), such

unusual &s entropy coding made employed. if a PPS for a cerlain GOP s fost, that GOP cannot be reconstructed. In addition, video

foatures: frames are divided into units known as slicas, which are comprised of slice headers, followed by slice.data containing coded

- information for the macroblacis {MBs] contained in the sfice, If a slice header Js lost, the entire slice cannot be decoded even if

. the slice data is propeny recaivad. Furthermore, I-slice data is also given high-pritrity and sent via TCP based on the bandwidth
availsbility to further improve visual quality. - Second, for each stream, TCP is utifized 1o defiver the high-priority data, while UDP
Is used to deliver the low-priority data. Then, frans- mission of these sub-sireams are in an overlapped manner to minimize mitial
bu eting, and the occumrence and duration of rebu ering.

?J?:\f’:;;::?es This invention requires on-the-lly parsing of H.264 bitstream, but the overhead incumed is minimal,

ﬁ::: Eﬂms This invention is realizable g5 an application software. The application functions as a steamer consisting of both the sender and
recaiver.

invention:

Fulure uses It is expected that the 14.264 codec will remain as the codec of choice for some time but eventually it witl be replaced by its

for this sucoessor M.265. Future uses for this invention include expansion to accommodate features of H.285, which will prolong the fife

invention: and e adivenass of the invention.

Limitations to it is expected that the H.264 codec will remain as the codec of choive for some time but eventually it will be replaced by its

be succossor H.265. Future uses for this invention include expansion to accomemodate fealures of H.265, which wil profeng the e

overcome: and eft ecliveness of the invention,

Are there any fufure pians to discipse?:
If yes, future disclosure date:
I yes, describe future disclosure:

The following di several existing patents related to FOSP. Patent US 008358109 B2, 1 15, 2013: Network streaming of a

video stream over multple communication chamels, In this patent, ihe quality of recelved video is improved by sending intra- coded
frames and high-priority inter-codad frames over multiple TCP channels, and Jow-priority inter-coded frames over multiple UDP
chan- hels. This inveation focuses un networks with multiple cormmurication ¢hannels. in addition, the segregafion of high-prierity
and tow priorty data is done at the frame level. However, multiple communication channels may not be always viable. For example,
in @ home envirpnment, video streaming is done in a point-to-point fashion, which means only one communicalion channel is
avaitablg. This invention is nat applicable in this situation. Currently, the majority of video comp ion is done using H.264 due to
its high compression e ciency. H.284 introduces loss resilience features, such as Network Abstraction Layer (NAL) and mult-sfices
encoding. With these feabxres. the segregation of high-priority and low-priority data can be done at the NAL unit level Instead of at
the frame level, The NAL unit fevel segregation is more flexible because the data chunk is smaller than a compete frame.
Furthenmore, an intraframe or & high-priarity inter-frame can be received with eémors because a decoder can use EC techniques to
recover video frame with some reduction in quality. In such situations, transmiting only & part of the kdire-frame via TCF Is su cient.
However, this invention can transmit only complete frames over TCP channels. Patent US20120173748 A1, 7 §, 2012: Hybrld
gransport-layer protocol media streaming. in this patent, both TCP and UDP protocels are used to strearn media. The Invention
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delivers the higher-prionity media data (o the dlient over TCP, and the lower-priority media data to the client over UDP. Although the

:en!:{ed patent does not spaci cally defi ne what higher-prionty and Jower-pronity data are, it states the following: “in an instance in which the
Patant media daia Is encoded as 3 series of pictures, the rsi portion of media data comprises higher-priorily intra-coded pic- fures and the
second portion of the media data comprses one or more lewer-priority Inter-coded picturas.” The above 1 clearly indicat

3‘,’;’,’:;:2;’,‘5 that this invention also parfitians the data at the rame level. Moreover. higher-priosity data is sent as intra-codet! frames, white
T lowerprionty data is sent as inter~coded frames. In contrast, our invention utilizes NAL units as the basic unit for distinguishing
between higher-priority and lower-priority data as mention above. Thus, our invention is very exible as it allows prioritization of any
H.264 syntax element. In addition, this invantion doas not consider inifial bu ffering and re-buff ering, which are key metrics for
Quattty of Expenence {QoE) of video streaming. Our invention divides a video into sub-sireams and ransmits them in an
pped manner 1o minimize initial bu ffering, and the accurrence and duration of rebufl ering. Moreover, for each sub-siream,
h!gh-priority data (l.e., SPS, PPSs, and slice headers) is fi rst sent via TCP to allow the decoder to apply EC and recanstruct frames
when low-prionity data (i.e., slice data) falls to anive due to packet loss. Finally, curinvantion ullizes the slack fimes between sub-
streams to send l-sbces. whxoh improves the visual quality of kframes and reduce ervor propagation. Patent US USB771594 B1,8 3,
2004 Reiiable/ fransmission of voice usIng TCPIUDP based on network quallty ofservtce This invention monitors
uuamy {I{ JE" \ﬂw \\-lu-‘.ﬁ] UI IWPU’HE uau )llﬂtll"“ IHH !l UIE wﬁfcﬂ: U!:WW a Ull\:;lw(u. IJW Kﬂ'd-““"ﬁ Udl.ﬂ b IUUWU uuuugu B
reliable network service such as TCP. i QoS is adequate, data is souted 10 8 non-ellable service network such as UDP. The quality
of received real-ime data may fuciuate by using this invention, Wien QoS falls below a threshold and thus the rest of data s routed
“fo TCP, there is already a perniod of ima during which the streaming video quabty will be pootr. Therefore, the quality of streaming
may hot be consistent because ofthe 1t switching b ] TCP and UDP. Moreover, this invention applies only to Voice
over |P (VolP), which is signi cantly less data § ive than video sty G

Hés;e .ﬂﬁe prcduds‘been

made, written or lested?: Yes

Test Date:

Comments: The Invention has been implemented and simulated, This inventicn shows improvements It terms. of both visuat quality ‘
- and delay compared o video streamed using tradifional methods such as pure-UDF and puwee-TCP,

Has thera been any

full or partial Yes
disciosure?:
¥ yes, disclosura
date: 1H72013
i ves. describe This invention is based on the paper titled “Flexitie Dual TCPAIDP Streaming for H.264 HD Vides Over WLANS," which
digl;sure' was published in ACM Inter I C on Ubiquitous Information Mar 1t and Co vication
! (CIMC2018), Jan, 2013,

The undersigned deciare that they are the frue and only originator(s) of the invention disclosed fo Oregon State Universily. By signing, OSU
inventors recognize that as a requirement of employment at OSU, they hereby assign all right, title and inferest in this invention {0 Oregon State
University. OSU student inventors hereby assign all right, tile andinterest in this invention to Oregon Stete University.

Jing Zhao (Lead invantor) Date
AR 9/16/2013
i
~ £
Bentles (Co-lnventor) Qate
A S | togs .
G, -,/00[( (2 /13 /l.ﬂfB
Tae-Waok Lee (Co-lnvenior) T Dale
Clang éme_Kam 9/ />0/3
Chang-Gone Kim {Co-Inventar) Lrate
Winess Signatire Date
Witrinss Signature Date
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