-1- A Video Streaming System Field of the Invention 5 The present invention relates to a video
streaming system and to a streaming device for use with a video streaming system. Background of the
Invention 10 Various types of video streaming methodologies exist, including the following: "Direct
streaming"” wherein video data indicative of 15 video information is streamed from a server device to a
client device in real time, that is, the video data is streamled-without buffering; "Progressive
streaming"” wherein some of the video 20data is buffered at the client side prior to commencing display
of the video information; "Multi-rate streafiNa'tebe &t daanbinatSysthenstreamed video data is
modified according to the 250apaC|ty of the communication path between the video server and the
client device; ani: \ % Whereln some of the video data is buffered at the client side
prior to commenei Aded Atormation, and the bitrate of the streamed video data is
modified according to the capamty of the communication path between the video server and the client

device. 5 The present invention relates to a video streaming system
and to a streaming device for use with a video streaming
system.

Background of the Invention

10
Various types of video streaming methodologies exist,
including the following:

“Direct streaming” wherein video data indicative of

15 video information is streamed from a server device to
a client device in real time, that is, the video data
Is streamed without buffering;

“Progressive streaming” wherein some of the video
20 data is buffered at the client side prior to
commencing display of the video information;

“Multi-rate streaming” wherein the bitrate of the
streamed video data is modified according to the

25 capacity of the communication path between the video
server and the client device; and

“Adaptive streaming” wherein some of the video data
Is buffered at the client side prior to commencing

30 display of the video information, and the bitrate of
the streamed video data is modified according to the
capacity of the communication path between the video
server and the client device.

35 It is known to provide a video streaming system that
includes at least one video camera, a video recording
device arranged to store video data indicative of video



35 It is known to provide a video streaming system that includes at least one video camera, a video
recording device arranged to store video data indicative of video - 2 - information captured by the
video camera, a client device, and a communications network arranged to facilitate communications
between the video recording device and the client device. Under control of the client device, video 5
data may be streamed from the video recording device t@ the client device for viewing at the client
device. Typically, the video recording device is in the form of a digital video recorder (DVR), and the
DVR and client 1drdeviveadrieccordgpiad-ed thnt td® WA ded toankes devicceldendbldev ice,

communicate dirgefly Witl §RG0QIREI FB X AMIG YRR IV PRAGEH REPIFeR!IF1idaaulti-rate or
adaptive type streamlnﬁ system, the DVR and client de

yg:e maé be zatan e(g to_commuaiciazﬁe with
each other so 1599_ ﬁ!ﬁ%% t SBW&&%pB 2t BitrdtE TN b p %W E_S?tr?en ) €
communications pa#epdivaéeviiae DVRrgeithedli&nodedde. thaile bperkiones! ki tyyd devideo
streaming systengised0 @apersdly Seisastdy fhensyeim & deleendart e ithg RV ircerdes to provide
multi-rate or adapttli,lve st e.amigg. In additig}n, since each tyé)g (¥ DVR It¥pe' %Ily has a dedicated client

: e cglen device gr. yaewin Qe q ﬁ derB% :
device, the system can become overly cumbersome fora user If multiplé types o R device are
required to be 25 monitored by the user because multiple client devices are required. Summary of the

Invention 30 In aTggrilendd wjthtantirst ideectiad toa giergntéwisdon sthére sherofidled aidao
sUeanﬂngsys&wgggq*@gkgideo recorder (DVR), and the DVR and client
10 device are configured so that the DVR and the client
device are able to communicate directly with each other,
for example using proprietary protocols. For a multi-rate
or adaptive type streaming system, the DVR and client
device may be arranged to communicate with each other so
15 that the DVR uses the most appropriate bitrate for the
capacity of the communications path between the DVR and
the client device.

While operation of this type of video streaming system is

20 generally satisfactory, the system is dependent on the DVR
in order to provide multi-rate or adaptive streaming. In
addition, since each type of DVR typically has a dedicated
client device, the system can become overly cumbersome for
a user if multiple types of DVR device are required to be

25 monitored by the user because multiple client devices are
required.

Summary of the Invention

30 In accordance with a first aspect of the present
invention, there is provided a video streaming system
comprising:

a primary video streaming device capable of
communicating with a digital video recorder (DVR) and a

35 data storage device arranged to store video data, such
that video data is receivable from the DVR and/or from the
data storage device; and



a primary video streaming device capable of communicating with a digital video recorder (DVR) and a
35 data storage device arranged to store video data, such that video data is receivable from the DVR
and/or from the data storage device; and - 3 - a secondary video streaming device arranged to
communicate with the primary video streaming device through a communications network; the primary
video streaming device arranged to stream 5 video data 30 the secondary video streaming device, and
the secondary video streaming device arranged to communicate the streamed video data to a video
viewing device. 10 In orze embodohaemyt, thEdeumsiyrsaeammgdiaviaecanpaseedn tocoder arranged

to modify the bitrgigafidGeAHaGE I8 FHHRIEHH MRS I9PIIedutG S AN iR eaeRdRiMay be

determined in restgP(i)nse to a bitrate communication recelve%_by the primary Streaming device, the

bitrate communicatibRYE naicgﬂ(p@'d?]frféaﬁéﬁrﬂﬁr{ﬁ%%%g te for video communications between the
primary streaming devide@nd tnedaondbee siredmgrndédcslevircenaeiriodate o trRtyeasry
streaming device,Gafeprisksr20 aduies fadudiadngyidaeidatasererlitpradva BYR angd/or from the
data storage dev'ﬁglaé InS Qne ﬁaﬁabpdin\}?ate 8h%‘¥ipeg slIrneam'ng ic,ggteénrc%rﬁ@éiaeitg DVR. The DVR
may comprise an appllcaﬁon proa/rammlng m?er?]a_ceg(A ) arrange({ 0 facilitate communications
with the DVR.  IfSHeleheadipnditetrstivorns érivheea dataditanad bttt IR #ska based on
the bitrate commdasigitien 30 received at the DVR using the API. In one embodiment, the DVR is not
capable of modifying the bitrate of video data, and the bitrate of video data is modified by the primary

streaming device based on the _ } ) ) }
10 In one embodiment, the primary streaming device comprises

an encoder arranged to modify the bitrate of video data.
The bitrate of video data produced by the encoder may be
determined in response to a bitrate communication received
by the primary streaming device, the bitrate communication

15 indicative of the best bitrate possible for video
communications between the primary streaming device and
the secondary streaming device.

In one embodiment, the primary streaming device comprises
20 a buffer for buffering video data received from the DVR
and/or from the data storage device.

In one embodiment, the video streaming system comprises a
DVR. The DVR may comprise an application programming

25 i1nterface (APIl) arranged to facilitate communications with
the DVR.

In one embodiment, the DVR is arranged to modify the
bitrate of video data based on the bitrate communication
30 received at the DVR using the API.

In one embodiment, the DVR is not capable of modifying the
bitrate of video data, and the bitrate of video data is
modified by the primary streaming device based on the

35 bitrate communication.

In one embodiment, the DVR does not comprise an



35 bitrate communication. In one embodiment, the DVR does not comprise an - 4 - application
programming interface (API), the DVR is not capable of modifying the bitrate of video data, and the
primary streaming device is directly connected to the data storage device so as to receive video data
from the data 5storage device. In one embodiment, the DVR comprises the data storage device. 10 In
one embodiment, the DVR is separate to the data storage device and the DVR is connected to the
data storage device. In one embodiment, the DVR comprises an IP camera. 15 In one embodiment,
the video streamaggpdystent Dompiseg rdteasi@nenteded eame (@G BEh vitheo D&iRels coartected to a
DVR. 20 In one embaginentthagiien, SFRARING DeigR e iFises doblugplipaof arigaphatreaming
devices, each primary streaming device capable of communicating with a DVR and a data storage
device arranged B SURL Vida bR KR b Ded LA ABRIES AR PR Sh Pt the
25 data storage ¢iad@de one\daBodimers, the Vieelieding dedceatmpfises atdignplakay device.
The computifig devisedpay Bewicaged to implement a video viewing client usable by an operator to
30 control video data received from the DVR and/or from the data storage device. The video viewing
client may be arranged to enable an operator to select the start and end times of the video data
received from thd DVEEN &P A INEItdathRRoRYR e ises the data storage

device.
10 In one embodiment, the DVR is separate to the data storage
device and the DVR is connected to the data storage

device.

In one embodiment, the DVR comprises an IP camera.

15
In one embodiment, the video streaming system comprises at
least one video camera, each video camera connected to a
DVR.

20 In one embodiment, the video streaming system comprises a
plurality of primary streaming devices, each primary
streaming device capable of communicating with a DVR and a
data storage device arranged to store video data, such
that video data is receivable from the DVR and/or from the

25 data storage device.

In one embodiment, the video viewing device comprises a
computing device. The computing device may be arranged to
implement a video viewing client usable by an operator to
30 control video data received from the DVR and/or from the
data storage device. The video viewing client may be
arranged to enable an operator to select the start and end
times of the video data received from the DVR and/or from
the data storage device.
35
In one embodiment, the video streaming system is arranged
to compress video data streamed from the primary video



35 -5 - streaming device to the secondary video streaming device. The video streaming system may
be arranged to compress video data by storing information indicative of an entire 5 video image at the
primary and secondary video streaming devices and transmitting information indicative of changes to
the video image from the primary streaming device to the secondary streaming device. 10 In one
embodiment, the video streaming system is arranged to Store information indicative of an entire video
image at the primary and secondary video streaming devices at periodic intervals. 15 In one
embodiment, thestueastiegmadeyvaystertiaos thangedondanry inMfedeatiatinebraiing adewierdire video
image at the primary and secondary video streaming devices every hour. 20 In one embodiment, the
video streaming stem_iaélrranied to store information indicative of an entire video image at the

primary and seco r)y U8 <t 5%% RS AL Yo MR R RGEEE 8 SURERBdeo image
differs significantwifien idtaabyn $fdieding dinfie siatd % Joed ¢addyanckcanigittivien a

second aspeft oltpgdyeserideventiothehese imaigyidetta Hesti aise o SRSt eeyifmeapable of
communicating W'tehva,I (i?sital \r/]ige% rSé)nréer%clardter r‘DVRr) @n&&gﬁta stohacgie %etvi%ee arr%ngﬁg to 81«:5(”9
video data, such that video aata iS _recelvat}ie fom e D F ana/or from e data s?o_rage (Pe%lce; the
primary video stré8@mdifaxkieearrbnges tdrom theymmiifeye §kbagh bnbrivvikeatiéfs network
with a 35 secondehevideostiganyng teeas Bitpngeditoeeommunicate the streamed video data to a
video viewing device.
10 In one embodiment, the video streaming system is arranged
to store information indicative of an entire video image
at the primary and secondary video streaming devices at

periodic intervals.

15 In one embodiment, the video streaming system is arranged
to store information indicative of an entire video image
at the primary and secondary video streaming devices every
hour.

20 In one embodiment, the video streaming system is arranged
to store information indicative of an entire video image
at the primary and secondary video streaming devices when
information indicative of a current video image differs
significantly from information indicative of the stored

25 video image.

In accordance with a second aspect of the present
invention, there is provided a primary video streaming
device capable of communicating with a digital video
30 recorder (DVR) and a data storage device arranged to store
video data, such that video data is receivable from the
DVR and/or from the data storage device;
the primary video streaming device arranged to:
communicate through a communications network with a
35 secondary video streaming device arranged to communicate
the streamed video data to a video viewing device.



- 6 - Brief Description of the Drawings The present invention will now be described, by way of example
only, with reference to the accompanying drawing 5 in which Figure 1 is a schematic diagram of a
video streaming system in accordance with an embodiment of the present invention. Description of an
Embodiment of the Invention 10 Referring to Figure 1 of the drawings, there is shown a video
streaming system 10 for streaming video from one or mdre-video cameras 12, 12, 12" to a video
viewing device 14. In this example, the video viewing device 14 15 comprises a video viewing client 15
implemented on Bcoeihiegaeypeiwhichimahéelrparsngal computer, tablet computer, smartphone,
or any other suitable device capable of implementing a viewing client. 20 The system 10 includes at
least one video rg_gtordlngq device, in this example.je'd %ltal vjdeo ecord_ePégv 16, 16', 16" arranged
to receive video 8&8&%)’ BMESHRG A Qme S \Q‘QXmB 3 digital
video recorders (DVERM@? 1@ e avd Phoviade Peoteiffeang g ceofiisaDY U6 - aivd Ifggpe having
an application pregragmatl inRjiace (fPisasargekbifaaiable ﬂﬁgﬁhﬁpfﬁﬂﬁli%@@d\/ith the DVR 16.
The first DVR 16 %also 30 arr%%%etd such thatct:%erdasrt]cl?e\/R 1 ble :ﬁ&ﬁi% ¥|deig eHa of
varying bitrate, with the bitrste ing_ ySelectabie using the AVI\-l" sBcon NS ota type having
an API arranged %—esent invention.

Description of an Embodiment of the Invention

10
Referring to Figure 1 of the drawings, there is shown a
video streaming system 10 for streaming video from one or
more video cameras 12, 127, 12°” to a video viewing device
14. In this example, the video viewing device 14

15 comprises a video viewing client 15 implemented on a
computing device which may be a personal computer, tablet
computer, smartphone, or any other suitable device capable
of implementing a viewing client.

20 The system 10 includes at least one video recording
device, iIn this example a digital video recorder (DVR) 16,
16”, 16”” arranged to receive video data produced by one
or more video cameras 12, 12”7, 12”°. In this example, 3
digital video recorders (DVR) 16, 16>, 16”” are provided

25 of differing types.

A First DVR 16 is of a type having an application
programming interface (APIl) arranged to enable direct
communication with the DVR 16. The first DVR 16 is also

30 arranged such that the first DVR 16 is able to produce
video data of varying bitrate, with the bitrate being
selectable using the API.

A second DVR 16” is of a type having an APl arranged to

35 enable direct communication with the second DVR 16”, but
which is capable of producing video data of fixed bitrate
only.



35 enable direct communication with the second DVR 16', but which is capable of producing video
data of fixed bitrate only. - 7 - A third DVR 16" is of a type that does not have an API and, accordingly,
direct communication with the third DVR 16" is not possible. 5In this example, each DVR 16, 16, 16" is
disposed at a different location and the field of view of each camera 12, 12', 12" is different. Each of
the DVRs 16, 16', 16" has an associated data 10 storag€ device 18 arranged to store video data
produced by the DVR 16, 16, 16", and each DVR 16, 16', 16" includes a video decoder 20, 20', 20"
arranged to receethwrdd®YBatt6ffdmieaahifofah&ypanttiat cdoesande, havé2aandrlbcode the

raw video data, agqf VigeeFaGFRIY 15 iréct LomMBes s SANiPLANLRROTETIAE aperations in
the DVR 16, 16',011} . Farsome D :S,airtﬁiwdeo processor 22, 22', 22" is also arranged to produce
i

video data in a farthat stifaBI? PSR ‘a'to the video client 14. 20 Each DVR 16, 16', 16" is
associated with a primary streaming device 24, 24", 24" arranged to receive video data from a DVR 16,
16', 16" and prodpge tiied dxianpil slieaanly DviRsa@ndesy stregmmggdeigegosaingetes to 25 the
video viewing de\cllicghl4. Th% fi'rst and. secand dstﬁ_lamip d'e ice1§ 24i 26 colmmunhcate with_each other

rrierent locarson” ai e ?e ﬁ QF YEgW Of edch canera. )
through a communications network 28, in tnis example the Internet. 30 Each primary stréaming device
24, 24", 24" includ@s a¥éntrolldnif 38536 1 5deR@Brtrolling and coordinating operations in the
primary streaming device 24, 24', 24", an encoder 32, 32', 32" arranged to enable the primary

streamin.g deviceE% cgfle%%etbq%@ %thai§5 thg@i.tnatﬁé)étléj]viggg(gé\i%{seﬂji%for
transferring through the communication path between the firstand _
10 storage device 18 arranged to store video data produced by
the DVR 16, 167, 16”7, and each DVR 16, 167, 16”~ includes
a video decoder 20, 20”, 20”” arranged to receive raw
video data from each of the connected cameras 12, 127,
12>~ and decode the raw video data, and a video processor
15 22, 227, 2277 arranged to control and coordinate
operations in the DVR 16, 16”, 16”>. For some DVRs, the
video processor 22, 227, 22”7 is also arranged to produce
video data In a format suitable for streaming to the video
client 14.
20
Each DVR 16, 167, 16”° i1s associated with a primary
streaming device 24, 24, 24”7 arranged to receive video
data from a DVR 16, 167, 16>~ and produce video data for
streaming to a secondary streaming device 26 connected to
25 the video viewing device 14. The first and second
streaming devices 24, 26 communicate with each other
through a communications network 28, in this example the
Internet.

30 Each primary streaming device 24, 247, 24”7 includes a
control unit 30, 30”, 30”” for controlling and
coordinating operations in the primary streaming device
24, 247, 2477, an encoder 32, 327, 3277 arranged to enable
the primary streaming device to encode video data so that

35 the bitrate of the video data is suitable for transferring
through the communication path between the first and



_ 8 _ second video streaming device 24, 26. Each primary streaming device also includes a buffer 34
that enables received video data to be buffered, in particular when the encoder 32 is used to modify
the bitrate of the video 5information. It will be understood that each primary streaming device 24, 24,
24" is capable of interfacing with multiple DVR types and capable of interacting directly with a data
10storage device 18. In this way, each primary streaming device 24 is capable of receiving video data
from multiple types of DVR and/or from a data storage device 18. In this example, the first DVR 16 is
of a type capablesefcthdrovidieg viieoadata mf veaatiledidte, 26d haBarhAprieamay be used by a

primary Streamingﬂeé/éﬁﬁiﬁq%cqﬂwm"@aéﬂ wih ihe iRIEYY R 16w Freprtisulagip pstipaierddeo
streaming and_ control thegz rate of the videq data prod(ﬁ;ed bgi the first DVR 16 T_he first 20 primary
streaming device"ZE Nt ‘flc?ﬂwe LAptk 8 |§)U f?gru? d s&'%\sptg'a_)h%aﬁﬁa\fé \eith API of

the first DVR 16 Bnesideithd2ebBedsicht&dompd Myedbieth bhagetrefinitine wdeledata received
from the firssDVR dfdentbe pegaondary streaming device 26 through the 25 Internet 28 without
buffering and without the need to modify the video data using the encoder 32. In this example, the
second DVR 16' is of a type capable of providing video data of fixed bitrate only, and has an 30 API
that may be usedlgy\é('pe/iﬁw&%‘? éﬂ#@é@rﬁﬁ&%@ic&?@ 22cH"RE EBAIYUSEARAMIIN theISa#RI DVR 16/,
in particular to ingiigate4deapetreaniisgcapealsteond piimesy stiedmingvdevice @ tapedyrio the

second DVR 16" g confioured 89 a54q cogynynieateauith ﬂge dﬁm&ﬁ@@cﬁ@% BYR416' so as to

instigate video streaming, and tq subsequently stream vid ata to ary streaming device
26 through 1Re IMHPAERSS. FIGY LeEorPprimhfy this way, each primary streaming
device 24 is capable of receiving video data from multiple

types of DVR and/or from a data storage device 18.

In this example, the first DVR 16 is of a type capable of

15 providing video data of variable bitrate, and has an API
that may be used by a primary streaming device to
communicate with the first DVR 16, in particular to
instigate video streaming and control the bitrate of the
video data produced by the first DVR 16. The first

20 primary streaming device 24 connected to the first DVR 16
iIs configured so as to communicate with the APl of the
first DVR 16 to select the desired bitrate for the video
data, and to stream the video data received from the first
DVR 16 to the secondary streaming device 26 through the

25 Internet 28 without buffering and without the need to
modify the video data using the encoder 32.

In this example, the second DVR 167 is of a type capable
of providing video data of fixed bitrate only, and has an
30 API that may be used by a primary streaming device 24,
247, 2477 to communicate with the second DVR 167, 1in
particular to instigate video streaming. The second
primary streaming device 24” connected to the second DVR
16” is configured so as to communicate with the APl of the
35 second DVR 16” so as to instigate video streaming, and to
subsequently stream video data to the secondary streaming
device 26 through the Internet 28. The second primary



- 9 - streaming device 24' is also configured to buffer video data received from the second DVR 16' in
the buffer 34', and to modify the video data using the encoder 32' so as to produce video data having a
bitrate suitable for 5 streaming to the secondary streaming device 26. In this example, the third DVR
16" is of a type capable of providing video data of fixed bitrate only, and does not have an API.
Consequently, it is not possible to 10 communicate direcfly-with the third DVR 16". The third primary
streaming device 24" connected to the third DVR 16" is configured so as to communicate directly with
the data storage stvieaniBigsdeviatzs @t thestrartisbVeod puaeth ibstigatERede v stleaming

directly from the {3 £213-8l0E59R e YF8 M SthENSBWSHRIPoRY SEPanRIRYiGs 44 dp adserconfigured
to buffer video data receivedggﬂthﬁpdatas orage device 18" in the buffer 34', alr,%% {o modify the video
0

4
data using the er?c%gieF%ng 50 YA 5 A5t H§\!iH8 alfrafd $HEble vt 2058 ing to
the secondary stieaniing@i¢zevagian orddiahbembnige s bitidieaitgy bu sERlel& &owse for streaming

video data from asieani Agjediinende \der 8Adaty24 tiedhn Begondancirezgning device 26, the 25
secondary streaming device includes a flow contro?ldevice 40 arranged to communicate with a control

unit 30, 30", 30" of a primary streaming device 24, 24', 24", and to determine the best bitrate that the
communication phth bBlvee@ahfinatnstretiding deViRel®, 241208 R thersp saRmabe,
streaming deviceod6 [sreapediangf stiizatiog teheodetE et diiaat diteatond theraugkbdbe ghe relevant
DVR, if the DVR syppeyis,adyy “‘ﬁv’i”ear&ié‘ﬁs%ﬁ)éﬁlﬂl Sn?]'e‘f’f‘t PUMAY sY6agyRg 9?&‘83 24, 24, 24",
if the DVR does not support adaptive streaming, to stream videq 35 data to the secondary streaming
device 26. 10 communicate directly with the third DVR 16”7. The third

primary streaming device 24”” connected to the third DVR

16>~ 1s configured so as to communicate directly with the

data storage device 18”” associated with the third DVR

16”” so as to instigate video streaming directly from the

15 data storage device 18”°. The third primary streaming

device 24”” is also configured to buffer video data

received from the data storage device 18”7 in the buffer

347, and to modify the video data using the encoder 327~

so as to produce video data having a bitrate suitable for

20 streaming to the secondary streaming device 26.

In order that the best bitrate may be selected to use for
streaming video data from a primary streaming device 24,
247, 24”7 to the secondary streaming device 26, the

25 secondary streaming device includes a flow control device
40 arranged to communicate with a control unit 30, 307,
30”7 of a primary streaming device 24, 24°, 24”7, and to
determine the best bitrate that the communication path
between the primary streaming device 24, 247, 24”” and the

30 secondary streaming device 26 is capable of supporting.
The determined best bitrate is then used by the relevant
DVR, if the DVR supports adaptive streaming, or by the
relevant primary streaming device 24, 247, 24”7, if the
DVR does not support adaptive streaming, to stream video

35 data to the secondary streaming device 26.

In addition to video encoding techniques, the system 10



- 10 - may also be arranged to utilize video compression techniques in order to minimize demand on
bandwidth between the primary and secondary streaming devices 24, 26. For this purpose, each
primary streaming device 24, 5 24', 24" may include a flow control device 42 and a memory 44, and
the secondary streaming device 26 may include a memory 46. According to conventional video
compression techniques, a 10 key frame representative 8f an entire video image is transmitted across
a communications network, and between transmissions of the key frames intermediate frames are
transmitted.Eachniatermbs@tbdraara sigdidatice okaHamestodbe lasim@nsastiesh key frame and, as

such, 15 since thedpigrTgdiate fRms-ERlaes O IRFIAICge s 2o fT it aadiate frame is
generally significantly Jess than a key frame. Wijth the present system, in one embodiment, a
Cictionaty 20 keyAEHIEST BB AT Bt 20 BRSNS HhegLtEBIE pURUNEER, 2o example
every hour, in thmemd&gZ4thiiae PiNPageireadthg AEVTa A BLiRaffldngodaviigsig#42 of the
primary stregmingfevices24. Hhg dighenaidkey fErae deisritaesmiged ieghe secondary 25 streaming
device 26, and stl?éed inn CIthg nﬁ%mgrgﬁg Py tgﬁ élo&%orgreol gr?ﬁgacP 4OS%frtggmser?on8%5yiséreeaé%ing
device 26. Between s%rage oFthe ctionary key frames di at the Efrimary Shd SEcon ary streaming

devices 24, 26, d'@ifeldiebyiina clieROEMcdited using a current video 30 frame KF and the current
stored dictionary key frame di, and transmitted to the secondary streaming device 26. At the

secondary stream@g@émZ&%hgé%ﬁ%Eﬁ{gﬁv{pquébu%gleesggrﬁ%difg@pﬁw&%gr,arge di and

the receive(ljodiffere C to recreate the current frame.

keg frame representative of an entire video image 1is
transmitted across a communications network, and between
transmissions of the key frames intermediate frames are
transmitted. Each intermediate frame is indicative of
changes to the last transmitted key frame and, as such,

15 since the intermediate frame relates only to changes, the
size of the intermediate frame is generally significantly
less than a key frame.

With the present system, in one embodiment, a dictionary

20 key frame d; representative of an entire video image is
stored periodically, for example every hour, In the memory
44 of the primary streaming device 24 by the flow control
device 42 of the primary streaming device 24. The
dictionary key frame d; is transmitted to the secondary

25 streaming device 26, and stored in the memory 46 by the
flow control device 40 of the secondary streaming device
26. Between storage of the dictionary key frames d; at the
primary and secondary streaming devices 24, 26, a
difference frame diff is calculated using a current video

30 frame KF and the current stored dictionary key frame d;j,
and transmitted to the secondary streaming device 26. At
the secondary streaming device 26, the flow control device
40 uses the stored dictionary key frame d; and the received
difference frame diff to recreate the current frame.

35
IT a significant change occurs between storage of
dictionary key frames d; such that the current key frame KF



- 11 - varies significantly from the current stored dictionary key frame di, then the flow control device
40 of the primary streaming device 24 overwrites the current dictionary key frame di with a current key
frame KF 5 representative of an entire video image. This in turn causes the dictionary key frame di
stored at the secondary streaming device 26 to also be updated with the new current dictionary key
frame di. 10 In a variation of the above video compressidh technique, the flow control device 42 of the
primary streaming device 42 does not periodically store dictionary key frames di in the memory 44, but
instead only replacasithe sagulidiattarar) ke¥ iamdhei iculre eremartesé4d, 44 otthenta-grimary and

secondary strearyiag depiges 2, 2§ MBS atURIRIR it8RTAITd JOU Framale Bcauss significant
changes have occutred such thaf the cu\rl\rﬁnt ke frgﬂge KF differs cor:}sfggerabllﬁfrom the stored
r &o &Y

dictionary key fraﬂTé@ﬁ%OWﬁ&%‘rf‘@ F¥A T aerst Oy S Ik bl 5?(5'55ion techniques
may be used. Dudihgenanyopsextof ket cmpliting aetiserents lspyrakeameaidido viewing client

15 implemenjed py Hiecempaivdevtedd Ereied 4 gameiaiayd 2 thatqasrespopdta the desired
video that the opgrator Wispﬁg to vie& 'I;]hero (f{gtorfalso gelég:ts e de ireg S and finish times for
se d

the desired video: 30-After vi eoCI foo a!g(])e Rad bee RIS i ano reeratc‘;jlr, the flow ¢ontror device 40

of the secondarySHeEQail§dedRY BeecAfntRilsOWRE tHEPAKRHY YhEBNTRE dB@Ye 24, 24', 24"

associated with tbe desiied dilebi and pgingeiefimasemdunications the flow control device 40
determines the best bitrate that is possible for video streaming between the primary streaming device

24, 24', 24" and the . 3 _ _
10 In a variation of the above video compression technique,

the flow control device 42 of the primary streaming device
42 does not periodically store dictionary key frames d; iIn
the memory 44, but instead only replaces the stored
dictionary key frames d; in the memories 44, 46 of the

15 primary and secondary streaming devices 24, 26 when an
update is activated, for example because significant
changes have occurred such that the current key frame KF
differs considerably from the stored dictionary key frames
di.

20
However, it will be understood that other video
compression techniques may be used.

During use, an operator at the computing device 14

25 operates a video viewing client 15 implemented by the
computing device 14 to select the camera(s) 12 that
correspond to the desired video that the operator wishes
to view. The operator also selects the desired start and
finish times for the desired video.

30
After video footage has been selected by an operator, the
flow control device 40 of the secondary streaming device
26 communicates with the primary streaming device 24, 247,
2477 associated with the desired video, and using the

35 communications the flow control device 40 determines the
best bitrate that is possible for video streaming between
the primary streaming device 24, 24”7, 24°” and the



- 12 - secondary streaming device 26. The determined bitrate is then communicated to the primary
streaming device 24, 24', 24". 5 If video footage associated with the first DVR 16 is selected for
viewing by the operator, the first primary streaming device 24 communicates the required bitrate to the
first DVR 16 through the API of the first DVR 16, and the first DVR 16 then extracts the required video
data 10 from the first data storage device 18 and converts the video data so that the bitrate
corresponds to the desired bitrate. The converted video data is communicated through the first primary
streaming devicesktuntiersecohdesnitneardieng idsyi@626 thnoaegdette imemesd 28 ) fird te thies15

computing devicg A4 AERIERATRAFELIRACEAS. PEiviaMP T rahHiPREYGGR "eesenative of
the video data to the pperator. If video footage associated with the second DVR 16' is 20 selected for
viewing by the oée ator, the second primary streaming device 24' communicates directly with the

second data storage device 18' through the API of the second DVR 16', and extracts the required
video data from th¢ segaBe dptpEHRINEeWE] dBe PRGN EBREOPINE BV Birgaming device 24'

is not capable of mqdifying thg bitrate of.videq data, the second primary steeaming device 24' converts
the video data sosﬁof?%l{e%itrﬁ?ercéfrfggvp'onr%s%% ttr@é] C eSied %nlﬁoarfé, :ﬁ%e tha Fnsu{rlljgaQe”sn e converted
video data to the SEE8ANANGHRMIRE d&diceorB gD HsdEER thEentERTE becdnh id HateohPuting

device 14. At thettonikingtd N 14, thenoewyingtdhiennsibpafs tlide ofibpstsRLVESQS thed/ideo
data to the oper Iff/'(}@)tqu\;@{gq S% eg)ysﬂ%@géhif PR AGi i 3P [%He g{){ iewing by
the operator, th:%ﬁ?d pr‘ilmary streamiéng de\?]ltce 24" commu_nflicates (ill?tl-:-(}:st?y W\?IE the t(fjﬂrd ata storage

dech18"éﬂdefﬁ&ﬁs?ﬂ@ré&ﬁﬁiﬂﬂé@@-§E?rage device 18 and ‘converts the

video data so that the bitrate corresponds to the desired
bitrate. The converted video data is communicated through
the first primary streaming device 24 to the secondary
streaming device 26 through the Internet 28, and to the

15 computing device 14. At the computing device 14, the
viewing client displays video representative of the video
data to the operator.

IT video footage associated with the second DVR 167 is

20 selected for viewing by the operator, the second primary
streaming device 24° communicates directly with the second
data storage device 18” through the APl of the second DVR
16”, and extracts the required video data from the second
data storage device 18°. Since the second primary

25 streaming device 24” is not capable of modifying the
bitrate of video data, the second primary streaming device
24 converts the video data so that the bitrate
corresponds to the desired bitrate, and communicates the
converted video data to the secondary streaming device 26

30 through the Internet 28, and to the computing device 14.
At the computing device 14, the viewing client displays
video representative of the video data to the operator.

IT video footage associated with the third DVR 167" is

35 selected for viewing by the operator, the third primary
streaming device 24°” communicates directly with the third
data storage device 18”7 and extracts the required video



data from the data storage device 18. The third primary streaming device 24" then converts the video
data so that the bitrate corresponds to the desired bitrate, and communicates the converted video data
to the secondary 5 streaming device 26 through the Internet 28, and to the computing device 14. At
the computing device 14, the viewing client displays video representative of the video data to the
operator. 10 It will be appreciated that by providing a veiSatile primary streaming device that is capable
of interfacing with multiple types of DVR and directly with a data storage device, and a secondary
streaming devicedartandactn ddremdaiats withabe pdenargastré@ming bdevith mnd Hrinmtexfyceable

with a viewing cliggirdls PRgSIIR PEQNPEratpn & MABHOE FRUIRIR CaRIBS 28at¢iatsd i pultiple
types of DVR using a single viewing client. Modifications ang variations as would be apparent to a 20
o acressod BF BAaRG SUMTRANEScas: H e FRtERInG R EE A ime: 1 A
video streaming Sytewndopatitsind:nepaonRyevitied sitd@nngateictaxabas|seia®oomiyunicating

with a digitakvidegtiesantaigDYR) resl 26aenvioirfle dpdcq atianaet testorayiflegpdatpesuch that
video data is receiyable from tf(lje DVR aTg/or ffﬂn {rhe dat storgﬂgl dea/ic . and t%Ijsecondary

video streaming qevite gfrré% €4 3 15 corimunicate with the lp%rlma v%\éocs?re%‘rlﬁing evice through

a communicationék¥lBek:client displays video representative of the video
data to the operator.

10 1t will be appreciated that by providing a versatile
primary streaming device that is capable of interfacing
with multiple types of DVR and directly with a data
storage device, and a secondary streaming device arranged
to communicate with the primary streaming device and

15 interfaceable with a viewing client, it is possible for an
operator to monitor multiple cameras associated with
multiple types of DVR using a single viewing client.

Modifications and variations as would be apparent to a
20 skilled addressee are deemed to be within the scope of the
present invention.



the primary video streaming device arranged to stream video data to the secondary video streaming
device, and the secondary video streaming device arranged to 15 communicate the streamed video
data to a video viewing device. 2. A video streaming system as claimed in claim 1, wherein the
primary streaming device comprises an encoder 20 arranged to modify the bitrate of video data. 3. A
video streaming system as claimed in claim 2, wherein thk bitrate of video data produced by the
encoder is determined in response to a bitrate communication 25 received by the primary streaming
device, the bitrat€ tammsunication indicative of the best bitrate possible for video communications
between the primary streaming device and the secondary streaming device. 30 4.A video streaming
system as claimed in ckr%im 3, ,wherein the primar streaminééjéevjce comprises a buffer for buffering

video data receivlzd fro tﬂémﬁﬁﬁﬁﬁmfdﬁgt ﬁmtS fde?ﬂ&g 35 5.A video streaming system
as claimed in claim 3, camprismgry DVileo15tieeaning sieadtiagegea es@faimed in claim 5,

wherein the BVRenimpiisasaali 8P IFPEHIND a8 (iR N/ NS cedAditHaragasklp tasditaie
conwnunmaﬂons&&Féhg{%ﬂgg% device arranged to store video data, such
that video data is receivable from the DVR and/or from the
data storage device; and
a secondary video streaming device arranged to
10 communicate with the primary video streaming device
through a communications network;
the primary video streaming device arranged to stream
video data to the secondary video streaming device, and
the secondary video streaming device arranged to
15 communicate the streamed video data to a video viewing

device.

2. A video streaming system as claimed in claim 1,
wherein the primary streaming device comprises an encoder
20 arranged to modify the bitrate of video data.

3. A video streaming system as claimed in claim 2,
wherein the bitrate of video data produced by the encoder
iIs determined In response to a bitrate communication

25 received by the primary streaming device, the bitrate
communication indicative of the best bitrate possible for
video communications between the primary streaming device
and the secondary streaming device.

30 4. A video streaming system as claimed in claim 3,
wherein the primary streaming device comprises a buffer
for buffering video data received from the DVR and/or from
the data storage device.

35 5. A video streaming system as claimed in claim 3,
comprising a DVR.



7. A video streaming system as claimed in claim 6, wherein the DVR is arranged to modify the bitrate
of video data based on the bitrate communication received at the DVR using the API. 10 8. A video
streaming system as claimed in claim 6, wherein the DVR is not capable of modifying the bitrate of
video data, and the bitrate of video data is modified by the primary streaming device based on the
bitrate 15 communication. 9. A video streaming system s ctlaimed in claim 5, wherein the DVR does
not comprise an application programming interface (API), the DVR is not capable of 20 modifying the
bitrate of video déta, andl the geinasy staanmgy sgeitens dsecthadorackcied mlthenddia storage device

so as to receive yifee dp ¥R HerladRmRFage SeXitCapp LPcAtioRP EVB@mﬁ)ﬁe? \iz Cc')aimed

in any one of claims 5 tq 9, th@ the DVR comprlse%the_%\zit]a storaF(?e device. .
streaming systeM ALVHART i nr!/)or?eré‘iafgtgglgirﬁ?S go! R FHOTRHR '§§§da?r'a§e YR data
storage device atthe&h&BR/R is connected to the data storage device. 12. A video streaming
system as claimed in claim 10 or 35 claim 11, wherein the DVR comprises an IP camera. - 16 - claims
5to 113 comprising at leﬁs\t/%ﬂgc\)“qsef)r%%m?ﬁg e%(}g%”edmeoa%ané‘i?ircn%we%e% a:%n[])Vé?’. 14. A video
streaming system as claimed in any one of t . i i

wherein the DVR is arranged to modify the bitrate of video

data based on the bitrate communication received at the

DVR using the API.

10

8. A video streaming system as claimed in claim 6,

wherein the DVR is not capable of modifying the bitrate of

video data, and the bitrate of video data is modified by

the primary streaming device based on the bitrate

15 communication.

9. A video streaming system as claimed in claim 5,
wherein the DVR does not comprise an application
programming interface (APl), the DVR is not capable of

20 modifying the bitrate of video data, and the primary
streaming device is directly connected to the data storage
device so as to receive video data from the data storage
device.

25 10. A video streaming system as claimed in any one of
claims 5 to 9, wherein the DVR comprises the data storage
device.

11. A video streaming system as claimed in any one of

30 claims 5 to 9, wherein the DVR is separate to the data
storage device and the DVR is connected to the data
storage device.

12. A video streaming system as claimed in claim 10 or
35 claim 11, wherein the DVR comprises an IP camera.

13. A video streaming system as claimed in any one of



5 preceding claims, comprising a plurality of primary streaming devices, each primary streaming
device capable of communicating with a DVR and a data storage device arranged to store video data,
such that video data is receivable from the DVR and/or from the data storage 10device. 15. A video
streaming system as claimed in any one of the preceding claims, wherein the video viewing device
comprises a computing device. 15 16. A video streamin$ system as claimed in claim 15, wherein the
computing device is arranged to implement a video viewing client usable by an operator to control
video data receiveligions the DR Andaompn ndatat tetasyeatsyioel dEQ Aaidepssireaathg

system as claimeghigddaipy e rahersimtspddegyieyipgglient is arranged to enable an operator to

select the start and end times of the video 25 data received from the DVR and/or from the data storage
device. 18. A video streaming system as claimed in any one of the preceding claims, wherein the
video streaming dyktemAis \B00E0arRfdERMN oo %S Vel agata kisagte d floanyiepren & ideo
streaming dgviceﬂtpébgdspﬁgn@qramggo eoRpPTYidRyiee plBrA Videp SEapingsygtem as claimed
in claim 18, 35w %rein the Vid88 stregmin% s&sﬁltem is arrangggi to compress video data bglstoring

: ion indicsteeqming devices, each Primdry 'Streaniio device capaole” © >
information indicative of an éntiré video |’rr]a%e at the primary and secortdary video stréaming - 17
devices and tran&hitGegiohsaToH B dkkEve 3f ENEnGEhAthdatde SRARIRoRENEGRImary
streaming devicedprthagedondarysiranuideevigata, such that video data is

receivable from the DVR and/or from the data storage
10 device.

15. A video streaming system as claimed in any one of the
preceding claims, wherein the video viewing device
comprises a computing device.

15
16. A video streaming system as claimed in claim 15,
wherein the computing device is arranged to implement a
video viewing client usable by an operator to control
video data received from the DVR and/or from the data

20 storage device.

17. A video streaming system as claimed in claim 16,
wherein the video viewing client iIs arranged to enable an
operator to select the start and end times of the video

25 data received from the DVR and/or from the data storage
device.

18. A video streaming system as claimed in any one of the
preceding claims, wherein the video streaming system is

30 arranged to compress video data streamed from the primary
video streaming device to the secondary video streaming
device.

19. A video streaming system as claimed in claim 18,

35 wherein the video streaming system is arranged to compress
video data by storing information indicative of an entire
video image at the primary and secondary video streaming



5 20. A video streaming system as claimed in claim 19, wherein the video streaming system is
arranged to store information indicative of an entire video image at the primary and secondary video
streaming devices at periodic intervals. 10 21. A video streaming system as claimed in claim 20,
wherein the video streaming system is arranged to store information indicative of an entire video
image at the primary and secondary video streaming deVices every hour. 15 22. A video streaming
system as claimed in claim 20, wherein the video streaming system is arranged to store information
indicative of an edéraicdso amdgE patismpirtbengand fecordaryg videwdtcsdnivg dvictsanbers 20

information indicqyerplea Giiiget \inaR sy sifiens ispificapyy Eepriniamptianpdisaiye of the
stored video |mal1%/. 23. Aé)rlmary video streamlgc? device capable of 25 communicating with a digital
video recorder ( ?\5) 5 %%toﬂ&g%&'%g ?a\ﬁ'g(é%l'to store video data, such that video data is

receivable from the DVR and/or from the data storage device; the primary video streaming device

arranged t0:530 CRMMUAICRRIEHO AT a ARTHEURIPSTERNE BEWOTK IER $RCQFRIN Vig0 streaming

device arranged tchcommun'(hate the gtrea ed video data t% a vidgo viewin d&vjEe. 4. A primary
. ; érein f e vid ?.§E{ gaing system I arranae q.storg

video streaming X_Yewce as claimed'in Claim_ , comprising an encoder arranged to modify the

bitrate of video dARFArTRLISNA BifHE LI Sfeanirgddi& ¥d dRtmdBdgeIaAE M vherein the

bitrate of video dpteipradycesdy seeendadsr ig iéternsnedamiasyodes iceditaaieperiodic

intervals.

10
21. A video streaming system as claimed in claim 20,
wherein the video streaming system is arranged to store
information indicative of an entire video Image at the
primary and secondary video streaming devices every hour.

15
22. A video streaming system as claimed in claim 20,
wherein the video streaming system is arranged to store
information indicative of an entire video Image at the
primary and secondary video streaming devices when

20 information indicative of a current video image differs
significantly from information indicative of the stored
video image.

23. A primary video streaming device capable of

25 communicating with a digital video recorder (DVR) and a
data storage device arranged to store video data, such
that video data is receivable from the DVR and/or from the
data storage device;

the primary video streaming device arranged to:

30 communicate through a communications network with a
secondary video streaming device arranged to communicate
the streamed video data to a video viewing device.

24. A primary video streaming device as claimed in claim
35 23, comprising an encoder arranged to modify the bitrate
of video data.



communication received by the primary streaming device, 5 the bitrate communication indicative of the
best bitrate possible for video communications between the primary streaming device and the
secondary streaming device. 26. A primary video streaming device as claimed in claim 10 25,
comprising a buffer for buffering video data received from the DVR and/or from the data storage
device. 27. A primary video streaming device as claimeddntlaim 26, wherein the primary video
streaming device is arranged 15 to compress video data streamed from the primary video streaming
device to the sec@hdanAvigea saegming devistr2@nA pgnidey vicke oastreahasingedvioe adaamed in

claim 27, whereinihe piRRBIHIRASTERTIALEeWFe S ARANESE 20 P SaMASHYdeRciata by

storing information indicative of@n entire video jmage at the %rlmaré:]/ deo streaming device and

transmitting inforfA%8A i RS FIEHYERS 18 thd GRR8NFRGE rén M hAkfry streaming device to
the secondary stReiHY teakkons Ecalpadabyvilibe speanmity detiteas vgnieMmhagaim 28,

wherein the grimghevigge pHEAMBMMAGYIFE XFBANGRH KCalpie éfermatian ipdicativg efagentire
video image at the O%rir?%rlyevi%or s{/r%renin%d%\rﬁiﬁ% iit g%rilggllg 36)(iaggve\zlrevéalls. aQéA rmgrly video
streaming deviceas aalrr_]ed In claim ?9 Wherein the primary video streaming device % arranged to
store informationStdieaminer Se¥atR Abto ThegsSeUN IR Yriffi e Akt HRIRE device every

hour.
26. A primary video streaming device as claimed in claim
10 25, comprising a buffer for buffering video data received
from the DVR and/or from the data storage device.

27. A primary video streaming device as claimed in claim

26, wherein the primary video streaming device is arranged
15 to compress video data streamed from the primary video

streaming device to the secondary video streaming device.

28. A primary video streaming device as claimed in claim
27, wherein the primary video streaming device is arranged

20 to compress video data by storing information indicative
of an entire video Image at the primary video streaming
device and transmitting information indicative of changes
to the video image from the primary streaming device to
the secondary streaming device.

25
29. A primary video streaming device as claimed in claim
28, wherein the primary video streaming device is arranged
to store information indicative of an entire video image
at the primary video streaming device at periodic

30 intervals.

30. A primary video streaming device as claimed in claim

29, wherein the primary video streaming device is arranged

to store information indicative of an entire video image
35 at the primary video streaming device every hour.

31. A primary video streaming device as claimed in claim



- 19 - 29 or claim 30, wherein the primary video streaming device is arranged to store information
indicative of an entire video image at the primary video streaming device when information indicative
of a current video image differs 5 significantly from information indicative of the stored video image.

- 19 -

29 or claim 30, wherein the primary video streaming device
Is arranged to store information indicative of an entire
video image at the primary video streaming device when
information indicative of a current video image differs

5 significantly from information indicative of the stored
video image.



