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requested content in the second format ; deleting , from 
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content in the first format to the requested content in a third 
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SYSTEM AND METHOD FOR In some cases , the content provider or service provider is 
MULTISCREEN NETWORK DIGITAL VIDEO required to store each subscriber's recordings uniquely , even 

RECORDING USING ON - DEMAND in the case where multiple subscribers record the same 
TRANSCODING content . This requirement significantly drives up the storage 

5 costs in an nDVR deployment , to the point where those costs 
may exceed the costs of traditional in - home DVR . This 

Matter enclosed in heavy brackets [ ] appears in the factor is aggravated with support for multiple screens . 
original patent but forms no part of this reissue specifica- Multiple screens means multiple formats . If all necessary 
tion ; matter printed in italics indicates the additions formats are recorded and stored uniquely for each recording 
made by reissue ; a claim printed with strikethrough 10 for each subscriber , the storage costs increase even more . 
indicates that the claim was canceled , disclaimed , or held One way to decrease the storage costs of nDVR would be 
invalid by a prior post - patent action or proceeding . to minimize the number of formats recorded for a given asset 

( in the minimal case , to record only a single , high quality 
format ) . In order to support nDVR on multiple screens , 

[ The present application claims priority from U.S. Pro- 15 however , the system would have to be able to dynamically 
visional Application No. 61 / 798,554 , filed Mar. 15 , 2015 , transcode content on the fly , to convert the content into a 
the entire disclosure of which is incorporated herein by format ( i.e. , screen resolution ) appropriate for the display 
reference . ] This is a reissue application of U.S. patent device . However , this on - demand transcoding is costly , 
application Ser . No. 137857,519 filed on Apr. 5 , 2013 , consuming expensive processing resources on a transcoding 
issued as U.S. Pat . No. 10,027,993 , which claims the benefit 20 device . 
of U.S. Provisional Patent Application Serial No. 61/798 , Thus there is a trade - off between storage costs and 
554 filed on Mar. 15 , 2013. The entire disclosures of the transcoding costs , and it is in the interest of network 
above applications are hereby incorporated by reference operators to find the optimal ( lowest cost ) balance between 
herein for all purposes . these costs . 

FIG . 1 illustrates a conventional nDVR system . As shown 
BACKGROUND in the figure , system 100 includes multi - rate transcoder 102 , 

network DVR ( DVR ) recorder 104 , archive 106 , video 
The present disclosure generally deals with network digi- streamer 108 , JIT packager 110 , set - top box 112 , user device 

tal video recorders ( nDVRs ) . 114 and an Internet Protocol ( IP ) set top box 116 . 
Multi - rate transcoder 102 is operable to communicate 

BRIEF SUMMARY OF THE DRAWINGS with nDVR recorder 104 and receive content in one format 
and change , or transcode , that format into one or more 

The accompanying drawings , which are incorporated in different formats . The original format and the transcoded 
and form a part of the specification , illustrate example be any known format , non - limiting examples 
embodiments and , together with the description , serve to 35 of which include Moving Pictures Expert Group ( MPEG ) , 
explain the principles of the present disclosure . In the Adaptive Bit Rate ( ABR ) in H.264 Advance Video Coding 
drawings : ( AVC ) , H.264 / AVC , Scalable Video Coding ( SVC ) and 

FIG . 1 illustrates a conventional nDVR system ; High Efficiency Video Coding ( HEVC ) . Transcoding 
FIG . 2 illustrates a nDVR system ; becomes necessary when different devices with different 
FIG . 3 illustrates a chart showing the cost of convention- 40 format parameters request similar content . In the case of 

ally storing content over time ; ABR technology , it may be necessary to provide a range of 
FIG . 4 illustrates a chart showing the difference in cost of bit - rate / resolutions that a client device may choose from 

storing content over time ; based on network conditions . With respect to different 
FIG . 5 illustrates a chart showing the cost of on demand formats , consider an example involving an H.264 / AVC 

transcoding content over time ; 45 scalable video coding standard , which is an extension ( An 
FIG . 6 illustrates a chart showing the cost of convention- nex G ) of the H.264 / AVC video coding for video compres 

ally storing different content formats ; sion . The H.264 / AVC standard is a form of MPEG video 
FIG . 7 illustrates a chart showing the cost of storing compression standard based on motion - compensation . 

content ; and Motion - compensation is a technique often used in video 
FIG . 8 is a flowchart of an example method of nDVR 50 compression in which a frame is described in terms of the 

services with on demand transcoding in accordance with transformation with respect to a reference frame . The ref 
aspects of the present disclosure . erence frame may be previous in time or even from the 

future . SVC allows for spatial , temporal , and quality scal 
DETAILED DESCRIPTION abilities . Spatial scalability and temporal scalability describe 

55 cases in which subsets of the bit stream represent the source 
Embodiments disclosed herein relate to a method for content with a reduced picture size ( spatial resolution ) or 

reducing storage and transcoding costs in network - based frame rate ( temporal resolution ) . The quality scalability of 
digital video recorder ( nDVR ) systems . SVC provides bitrate transfer scalability , or multi - rate trans 
Many network operators are considering the deployment missions , which is useful in network resource management . 

of a network - based DVR as an alternative to the traditional 60 Multi - rate transcoder 102 may be able to generate multiple 
in - home DVR , e.g. , a DVR that is included in a set - top - box formats of an originally formatted content in accordance 
( STB ) . Some of the reasons the nDVR approach is attractive with ABR in H.264 / AVC , H.264 / AVC , SVC , or new com 
to operators include : it is a more effective way to support pression standards like HEVC . AVC is a standard for video 
DVR content on multiple screens , it allows legacy STBs to compression , and is a format used for recording , compres 
support DVR functions , it allows for lucrative upsale oppor- 65 sion and distribution of high definition video . HEVC is a 
tunities , and it enables a new platform for targeted adver- video compression standard that is said to improve video 
tising quality , double the data compression ratio as compared to 

formats may 
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H.264 / MPEG - 4AVC , and can support resolutions up to the content in the format provided by the content provider . 
8192x4320 . It may be noted that ABR has emerged as a In fact , there may be many different formats to support just 
better alternative for providing quality scalability based on as many different end user devices . For this reason , multi 
network conditions and available network bandwidth . rate transcoder 102 can transcode the content from the 
nDVR 104 is operable to record and store content based 5 original format as provided by the content provider into a 

on requests for content made by users , or subscribers . nDVR plurality of other formats of varying quality and correspond 
104 communicates with multi - rate transcoder 102 , archive ing bitrate . These many transcoded formats of the original 
106 , video streamer 108 , JIT packager 110 , set top box 112 , content may be viewed , as requested , for a corresponding 
user device 114 and IP set top box 116 . user device . 

Archive 106 is a data storage device operable to save 10 For purposes of discussion , in this example , presume that 
copies of content . Archive 106 may include physical storage the copies of content 118 as stored on nDVR 104 include : 
and / or memory media such as RAM , ROM , EEPROM , content 118 in the mezzanine format , content 120 having an 
CD - ROM or other optical disk storage , magnetic disk stor- MPEG - 2 format and having a transmission bit rate of 15 
age or other magnetic storage devices , or any other medium Mbits per second ( Mbps ) ; content 122 having an adaptive bit 
which can be used to carry or store desired program code in 15 rate ( ABR ) format with a resolution of 512x288 and having 
the form of computer - executable instructions or data struc- a transmission bit rate of 0.94 Mbps ; content 124 having an 
tures and which can be accessed by a general purpose or ABR with a resolution 640x360 and having a transmission 
special purpose computer . Archive 106 is shown as a sepa- bit rate of 1.17 Mbps ; content 126 having an ABR with a 
rate entity in FIG . 1 , however it is possible that archive 106 resolution of 720p30 and having a transmission bit rate of 
is part of nDVR 104 . 20 3.50 Mbps ; and content 128 having an ABR with a resolu 

Video streamer 108 is operable to communicate with tion of 720p60 and having a transmission bit rate of 6.25 
nDVR 104 and set top box 112. Video streamer 108 may be Mbps . 
any conventional streaming system that delivers the content Content 118 and all formats of content 118 as transcoded 
from nDVR 104 and delivers it to set top box 112 . by multi - rate transcoder 102 are stored on nDVR 104. In this 

JIT ( just - in - time ) packager 110 is operable to communi- 25 example therefore , nDVR 104 will store contents 120 , 122 , 
cate with nDVR 104 , user device 114 and IP set top box 116 . 124 , 126 , and 128 . 
JIT packager 110 serves to provide ABR content to devices When the user desires to watch “ the recorded content , " 
that can accept the format , such as a proprietary smart the user in actuality want to watch a version of content 118 , 
phone , a game console client , or Smart TV client . which may be any one of contents 118 , 120 , 122 , 124 , 126 , 

Set top box 112 is operable to connect to a television to 30 and 128. The choice of which version of content 118 will be 
deliver television services through traditional terrestrial , watched depends on the device with which the user will use . 
satellite and cable formats . Set top box 112 may have a For purposes of discussion , presume the user and to watch 
graphic user interface ( GUI ) that can be accessed by the user the con on set - top box 112. In such a case , the user 
via the television to which set top box 112 is connected . interacts with a GUI ( not shown ) set top box 112 to send a 

User device 114 can be any device that may use ABR 35 request to nDVR 104 that content 118 needs to be retrieved . 
content , such as mobile phones , tablet computers , gaming The request from set - top box 112 includes information 
systems , etc. User device 114 may have a GUI that can be relating to the decoding capabilities of set - top box 112. As 
accessed by the user via the screen on the device . such , nDVR 104 is able to determine what format of content 

IP set top box 116 is operable to connect to a television to should be provided . For purposes of discussion , presume 
deliver television services over the Internet instead of being 40 that set - top box 112 is able to decode content in MPEG - 2 
delivered through traditional terrestrial , satellite and cable format and having a transmission bit rate of 15 Mbps . In 
formats . IP set top box 116 may have a GUI that can be such a case , nDVR 104 will send content 120 to video 
accessed by the user via the television to which IP set top streamer 108 for delivery to set - top box 112 . 
box 116 is connected . On the other hand , if the user wants to watch a version of 

In operation , when a user wants to record some content , 45 content 118 on user device 114 , the user interacts with a GUI 
the user may interact with the GUI on either set top box 112 , ( not shown ) user device 114 to send a request to nDVR 104 
user device 114 or IP set top box 116 to choose what content that content 118 needs to be retrieved . The request from user 
may be recorded . Content can be any type of video or audio device 114 includes information relating to the decoding 
media , such as movies , television shows , music , radio , etc. capabilities of user device 114. As such , nDVR 104 is able 
The GUI on either set top box 112 , user device 114 or IP set 50 to determine what format of content should be provided . For 
top box 116 may communicate with nDVR recorder 104 to purposes of discussion , presume that user device 114 is able 
notify it that some content is desired . to decode content in ABR with a resolution 640x360 and 

In the case of viewing live content , the content is always having a transmission bit rate of 1.17 Mbps . In such a case , 
flowing to multi - rate transcoder 102 , and there is no com- nDVR 104 will send content 124 to JIT packager 110 for 
munication from nDVR 104 to a content server ( not shown ) . 55 delivery to user device 114 . 
nDVR 104 records content as provided by multi - rate It should be noted that in the case of ABR , the requested 
transcoder 102. Once recoded , the content pulled from format may change based on network conditions . For 
storage ( not shown ) within nDVR 104 for playback via example , user device 114 may initially request 640x360 , and 
streamer 108 or JIT packager 110 . then may request 512x288 for the next segment or segments , 

In the case that the content is not live , nDVR recorder 104 60 and then may go back to 640x360 and so on based on 
may request the content from the content server ( not shown ) , available network bandwidth . 
which may send the content to multi - rate transcoder 102 . Now suppose that the user wants to watch a version of 

The content provider may then transmit the content 118 to content 118 on IP set top box 116 , the user interacts with a 
multi - rate transcoder 102. Typically , content 118 is provided GUI ( not shown ) IP set top box 116 to send a request to 
in a mezzanine format , which is the format having the 65 nDVR 104 that content 118 needs to be retrieved . The 
highest quality , and thus consuming the largest bitrate for request from IP set top box 116 includes information relating 
transmission . Not all end user devices may be able to decode to the decoding capabilities of IP set top box 116. As such , 

a 
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nDVR 104 is able to determine what format of content FIG . 4 illustrates another chart showing the difference in 
should be provided . For purposes of discussion , presume cost of storing content over time . 
that IP set top box 116 is able to decode content in an ABR As shown in the figure , chart 400 includes all of the items 
format with a resolution of 512x288 and having a transmis- described with reference to FIG . 3 , in addition to cost line 
sion bit rate of 0.94 Mbps . In such a case , nDVR 104 will 5 402 . 
send content 122 to JIT packager 110 for delivery to IP set Cost line 402 represents the fixed cost associated with 
top box 116 . storing only content 118 , and not storing the remaining 

If the content is stored within nDVR 104 for an extended versions of content 118 , i.e. , contents 120 , 122 , 124 , 126 , 
period of time , the content may be moved to archive 106 , and 128. Because contents 120 , 122 , 124 , 126 , and 128 are 
where it can be retrieved if and when the user chooses to 10 not stored , the associated costs are saved . As such , the slope of cost line 402 is much lower than the slope of cost line 306 . watch it . Specifically , since a user may wish to watch a In this example , presume that contents 118 , 120 , 122 , 124 , recorded program at an unspecified future time , nDVR 104 126 , and 128 are stored for three days . As such , the cost stores all versions of content 118 in archive 106. Accord associated therewith will be described via cost line 306. On 
ingly , as discussed above , when a device requests content 15 the third day , indicated by 404 on archived time axis 302 , the from nDVR 104 , nDVR 104 first retrieves the correct cost is indicated by an intersecting point 406 to have a value 
version of the content from archive 106. nDVR 104 then as indicated by 408 on archive cost per subscriber axis 304 . 
provides the correct version to the particular user device . Then contents 120 , 122 , 124 , 126 , and 128 are no longer 
As mentioned above , there are costs associated with stored and the associated costs therewith are saved . There 

storing content , wherein those costs are directly related to 20 fore the total cost savings can be shown as , A , the difference 
the size of the content being stored . Further , the cost of between cost line 306 and cost line 402 . 
storing one content aggregates as the number of formats for In other words , with this aspect , once a plurality of 
that content are stored . In other words , the costs to store all versions of content have been stored on nDVR 104 for a 
versions of content 118 include the cost to store content 118 , period of time without being watched , some versions of the 
120 , 122 , 124 , 126 and 128. A portion of this cost is wasted 25 content may deleted . In an example embodiment , once a 
for any of content 118 , 120 , 122 , 124 , 126 and 128 that is not plurality of versions of content have been stored on nDVR 
subsequently watched by the user . 104 for a period of time without being watched ( for 

Aspects in accordance with the present disclosure provide example , five days ) , all lower quality versions of the content 
a more cost effective mechanism for storing / transcoding are deleted and the higher quality content is moved to 
content for multi - screen system . 30 archive 106 for future viewing , if desired . By storing only 
FIG . 2 illustrates another nDVR system . one version of the content instead of all versions of the 
As shown in the figure , system 200 includes all of the content , the cost associated with storage decreases dramati 

items in system 100 with the addition of on - demand cally , as discussed above with reference to FIG . 4 . 
transcoder ( ODT ) 202 . Returning to FIG . 2 , if the user wants to view content 
As mentioned with respect to FIG . 1 , when content has 35 more than five days after recording , in an example embodi 

been stored in nDVR 104 for an extended period of time , it ment , only the highest quality version , content 118 , is 
is moved to archive 106. The time at which content is moved available on archive 106 . the user requests content 118 to 
to archive 106 may be user defined , or the user may choose be viewed on a device that supports the format of content 
to have system 200 determine the appropriate time at which 118 , for example set top box 112 , then content 118 is 
to move content . 40 provided . 

In general , the likelihood of watching content decreases Alternatively , consider the situation after more than five 
as time elapses after recording the content . For example , the days after recording , wherein contents 120 , 122 , 124 , 126 , 
probability of content being watched 3-5 days after it is and 128 have been removed from archive 106 , and where the 
recorded is much lower than the probability of content being user requests content 118 to be viewed on a device that does 
watched one day after it is recorded . For purposes of 45 support the format of content 118 , for example user device 
explanation and brevity , assume the content is moved to 114. In such a case , when the request for content is made , 
archive 106 after it has been stored in nDVR 104 for five nDVR 104 will recognize that user device cannot support 
days without being watched . the format of 118. nDVR 104 is additionally aware that no 

In some embodiments , when content is moved to archive other formats of content 118 are stored in archive 106 
106 , only the highest quality format ( the mezzanine format ) 50 because more than five days have passed since the recording . 
is saved in order to decrease the cost associated with storage . nDVR 104 will recognize that user device 114 can only 
These costs will be further described with reference to FIGS . decode content in the ABR format with a resolution 640x 
3-4 . 360 and having a transmission bit rate of 1.17 Mbps . nDVR 
FIG . 3 illustrates a chart showing the cost of convention- 104 will therefore retrieve content 118 from archive 106 and 

ally storing content over time . 55 send it to ODT 202 with instructions to transcode content 
As shown in the figure , chart 300 includes age of archived 118 into an ABR format with a resolution 640x360 and 

time axis 302 , archive cost per subscriber axis 304 and cost having a transmission bit rate of 1.17 Mbps . ODT 202 may 
line 306 . then transcode content 118 into the ABR format with a 

Cost line 306 represents the fixed cost associated with resolution 640x360 and having a transmission bit rate of 
storing all versions of content 118 , i.e. , contents 118 , 120 , 60 1.17 Mbps . 
122 , 124 , 126 , and 128. This linearly increasing cost As discussed above , in some examples , nDVR 104 may 
increases over time , irrespective as to whether the likelihood determine what bit - rate / resolution user device 114 desires 
of watching the content decreases . and may instruct ODT 202 deliver the content in that 

Aspects of the present disclosure account for the likeli- bit - rate / resolution . However , in other examples , ODT 202 
hood of watching specific formats of content overtime in 65 may be able to determine what bit - rate / resolution user 
order to decrease storage costs . This will now be discussed device 114 desires , and then deliver the content in that 
with reference to FIG . 4 . bit - rate / resolution . 
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As discussed above , the likelihood of watching a program into another format . As compared to FIG . 6 , the cost 
decreases as time goes on , and thus the likelihood of having associated with line 706 is still less than the cost associated 
to transcode content via ODT 202 decreases as well . The with line 610 , which only includes the mezzanine format . 
costs associated with transcoding will be further described An example method of providing nDVR services with on 
later . 5 demand transcoding will now be described with greater 
FIG . 5 illustrates a chart showing the cost of on demand detail to FIG . 8 . 

transcoding content over time . FIG . 8 is a flowchart of an example method 800 of nDVR 
As shown in the figure , chart 500 includes on demand services with on demand transcoding in accordance with 

transcoding ( ODT ) cost per subscriber axis 504 , age of aspects of the present disclosure . 
archived content axis 502 and ODT cost line 506 . Method 800 starts ( S802 ) and content is transcoded and 
ODT cost line 506 represents cost associated with stored ( S804 ) . For example , as shown in FIG . 2 , content 118 

transcoding content 118. Here , there is a presumption that is provided to multi - rate transcoder 102. Multi - rate 
the likelihood of watching content 118 decreases over time . transcoder 102 provides content 118 and multiple other 
For example , if a baseball game is recorded , and is not formats of content 118 to nDVR recorder 104. Here , content 
watched within two days , the likelihood that the recorded 15 118 is provided in first format . In an example embodiment , 
baseball game will be watched greatly decreases . Further , if the first format is a mezzanine format . The multiple formats 
the likelihood of watching content 118 decreases over time , provided by transcoder 102 are based on the first format . 
the likelihood of watching another format of content 118 , Then a request to store the content is received ( S806 ) . For 
e.g. , any one of contents 120 , 122 , 124 , 126 , and 128 , example , as shown in FIG . 2 , user device 114 may request , 
additionally decreases over time . As such , the slope of ODT 20 via signal 132 , nDVR 104 to record content 118. In some 
cost line 506 is negative . cases , the request to store content 118 may be while a user 
FIG . 6 illustrates a chart showing the cost of convention- is watching content 118 , e.g. , the user wants to be able to 

ally storing different content formats . watch content 118 again in the future . In some cases , the 
As shown in the figure , chart 600 includes a percent request to store content 118 may be before content 118 is 

unique copy axis 602 , a cost per subscriber axis 604 , a 25 delivered ( i.e. , S804 and 1806 are switched ) , e.g. , the user 
portion 606 and a portion 608 . by way of a programming guide can see that content 118 will 

In this example , portion 606 corresponds to the storage be played in two days . In some cases , content 118 , or one of 
costs for storing content 118. As more subscribers store a the many other formats as provided by multi - rate transcoder 
copy of content 118 , the cost increases . As shown by line 102 , may be provided directly to user device 114 upon 
610 , if 100 % of the subscribers store only copy of content 30 receipt . In some cases , the user of user device 114 , may want 
118 , and no copies of contents 120 , 122 , 124 , 126 , and 128 , to watch the content at a later time . In such cases , the user 
the cost is $ 160 . may send a request to record the content . At such times , 

Portion 608 corresponds to the storage costs for storing nDVR recorder 104 may store content 118 and the many 
content 118 and addition contents 120 , 122 , 124 , 126 and other formats as provided by multi - rate transcoder 102 . 
128. As more subscribers store a copy of content 118 , the 35 In any event , if a request to store the content was receive , 
cost increases . As shown by line 612 , if only 40 % of the it is then determine whether the content has subsequently 
subscribers store a copy of content 118 and also store been watched ( S808 ) . For example , if nDVR recorder 104 
contents 120 , 122 , 124 , 126 and 128 the cost is $ 175 , which has provided content 118 , or one of the many other formats 
is $ 15 more than if everyone had only one copy of content as provided by multi - rate transcoder 102 , to user device 114 
118. Another way of considering the savings , consider the 40 or set top box 112 or IP set top box 116 , then the content will 
situation where 60 % of subscribers store a copy of all the have been considered as being watched . 
content , which would cost approximately $ 210 . This would If the content was watched ( Y as S808 ) , then the format 
be approximately $ 50 more than if everyone had only one is noted ( S810 ) . For example , if the content was provided to 
copy of content 118 . user device 114 , then nDVR recorder 104 may note the 
As discussed above , aspects of the present invention 45 format as provided . If noted , nDVR recoder 104 may 

decrease overall costs by removing statistically unneeded indicated to archive 106 that a format of content 118 for user 
formats of content . This will be further discussed with device 114 was watched . In some embodiments the indica 
reference to FIG . 7 . tion that a format of content 118 had been watched may be 
FIG . 7 illustrates a chart showing the cost of storing used to prompt deletion of all non - mezzanine formats . 

content . 50 nDVR recorder 104 then continues to wait for the content to 
As shown in the figure , chart 700 includes the same axes be watched again ( return to S808 ) . 

as chart 600 , a portion 704 and a portion 702 . If the content was not watched ( N as S808 ) , then it is 
When some example embodiments are implemented , only determined whether the time T has surpassed a predeter 

the mezzanine format is stored on archive 106 , thus the cost mined threshold Th ( S812 ) . The predetermined threshold 
of storing the mezzanine formats will increase as more 55 Th , may be established by any known manner . In some 
content is stored in archive 106 , as shown by the upward embodiments , the predetermined threshold Th is a static 
slope of mezzanine storage cost 704. The cost to transcode number , whereas in other embodiments , the predetermined 
a piece of content at the time playback is requested is threshold Th may be changed . For example , suppose for 
constant and does not increase based on the number of purposes of discussion that a predetermined threshold Th is 
pieces of unique content are stored in archive 106 , as 60 set for 3 days . nDVR recorder 104 may determine whether 
indicated by the horizontal ODT cost 702 . any of content 118 , or one of the many other formats as 
As shown by line 706 , if 100 % of subscribers retain a provided by multi - rate transcoder 102 , has been watched , 

copy of the mezzanine format on archive 106 , the total cost , e.g. , provided to any one of set top box 112 , user device 114 
which includes the ODT cost 702 , is only $ 140 . In other or IP set top box 116 . 
words , for $ 140 , each subscriber will be able to obtain a 65 If time has not passed the predetermined threshold ( N at 
mezzanine copy of the content . Further , with this $ 140 , each S812 ) , nDRV recorder 104 continues to determine whether 
subscriber will be able to transcode the mezzanine content the content was watched ( return to S808 ) . 
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If time has passed the predetermined threshold ( Y at So , not only may on demand transcoder 202 save network 
S812 ) , then formats of content 118 are deleted ( S814 ) . For storage cost by not having to store the different bit - rate ! 
example , as mentioned previously , nDVR recorder 104 may resolutions , it can also improve the quality of experience . In 
store content 118 in a mezzanine format and contents 120 , particular , the use of on demand transcoder 202 is not 
122 , 124 , 126 , and 128 in their various formats . Further , 5 limited to a finite set of bitrates and resolutions . 
nDVR recorder 104 may have instructed archive 106 to store Method 800 then stops ( S822 ) . 
content 118 in the mezzanine format and contents 120 , 122 , In summary , implementing example embodiments may 
124 , 126 , and 128 in their various formats . serve to decrease the overall costs associated with nDVR 

Storage of all these various formats have an associated systems by only storing a single mezzanine version of 
increased cost . In accordance with aspects of the present 10 content in the archive and only transcoding it as needed , 
disclosure , some of these formats of content may be deleted when playback of the archived content is requested . 
from nDVR recorder 104 and / or from archive 106 . The foregoing description of various preferred embodi 

In an example embodiment only content 118 in the ments have been presented for purposes of illustration and 
mezzanine format is retained , and the remainder of the description . It is not intended to be exhaustive or to limit the 
formats are deleted from both nDVR recorder 104 and / or 15 invention to the precise forms disclosed , and obviously 
from archive 106 , as the case may be . many modifications and variations are possible in light of 

Returning to FIG . 8 , it is then determined whether content the above teaching . The example embodiments , as described 
is requested in a format that has been deleted ( S816 ) . If there above , were chosen and described in order to best explain 
is no such request ( N at S816 ) it is then determined whether the principles of the invention and its practical application to 
content is requested in a format that has been saved ( S824 ) . 20 thereby enable others skilled in the art to best utilize the 
If no further requests are made , then method 800 stops invention in various embodiments and with various modi 
( S822 ) . fications as are suited to the particular use contemplated . It 

Suppose however , that a request for content in a saved is intended that the scope of the invention be defined by the 
format is received ( Y at S824 ) . In such a case , the content in claims appended hereto . 
the saved format is provided ( S826 ) . For example , returning 25 What is claimed as new and desired to be protected by 
to FIG . 2 , suppose user device 114 had previously requested Letters Patent of the United States is : 
via signal 132 a copy of content 124 , and accordingly a copy 1. A method comprising : 
of this content has been retained in archive 106. Now receiving , at a network digital video recorder in a digital 
suppose user device 114 again wants a copy of content 124 . video recorder system , a request to record content ; 
In such a case , user device 114 would send a request via 30 receiving , at the network digital video recorder , the 
signal 132 for a copy of content 124. nDVR recorder 104 requested content in a plurality of versions , each ver 
may then retrieve content 124 from archive 106 via signal sion having a respective format and a respective reso 
121. nDVR recorder 104 may then send cor ent 124 to user lution ; 
device 114 via JIT packager 110 and signal 122. Method 800 storing , via the network digital video recorder , the 
then stops ( S822 ) . requested content in the plurality of versions 

Returning to FIG . 8 , it is then determined whether content from the plurality of stored versions of content , identify a 
is requested in a format that has been deleted ( S816 ) . If there mezzanine content having a first format and a first 
is request for content in a format that has been deleted ( Y at resolution for retaining in storage ; 
S816 ) then the saved content is transcoded ( S818 ) . for a remaining plurality of stored versions other than the 

For example , suppose that a request for content in a saved 40 mezzanine content : 
format is received . Returning to FIG . 2 , suppose IP set top determine at least one criterion related to at least one of 
box 116 had not previously requested via signal 134 a copy a threshold of time or a comparison of costs at which 
of content 122 , and accordingly a copy of this content has to delete each of the remaining plurality of stored 
not been retained in archive 106. Now suppose user device versions ; 
116 wants a copy of content 122. In such a case , user device 45 [ if determining based on the threshold of time : 
116 would send a request via signal 134 for a copy of content determine at least one threshold in time whether to 
122. nDVR recorder 104 may then retrieve content 120 from delete assets from storage , and 
archive 106 via signal 121. nDVR recorder 104 may then based on said at least one threshold in time , delete the 
send content 120 to on demand transcoder 202 via signal remaining plurality of versions based on a common 
204. nDVR recorder 104 will additionally provide on 50 time or a respective time for one or more of the 
demand transcoder 202 with instructions to transcode con plurality of versions ; 
tent 120 from the mezzanine format to the format of content if determining based on the comparison of costs : 
122 , which in this example is an ABR format with a determine a cost for storing each of the remaining 
resolution of 512x288 and having a transmission bit rate of plurality of versions over time , 
0.94 Mbps . determine a cost to transcode each of the remaining 

Returning to FIG . 8 , the content is then provided . For plurality of versions from the mezzanine content ; 
example , as shown in FIG . 2 , on demand transcoder 202 comparing the cost to store a respective one of the 
provides content 122 to IP set top box 116 via signal 206 . remaining plurality of versions to the cost to 
Therefore , on demand transcoder 202 transcodes content transcode from the mezzanine content , ] 
from a first format into a second format and then provides 60 retain one or more versions of the remaining plurality of 
the transcoded content in the second format to IP set top box stored versions in storage until the at least one [ of the 
116. In some embodiments , and with respect to ABR , on threshold of time or comparison of costs ] criterion has 
demand transcoder 202 is able to generate the right bit - rate / been [ determined ] met ; 
resolution for each client , based on the clients network receiving a request for playback of the requested content 
conditions , As such , on demand transcoder 202 may deliver 65 to a requesting subscriber's device , the request includ 
a better Quality of Experience as compared to having a small ing information related to decoding capabilities of a 
number of bit - rate / resolutions for the client to choose from . subscriber's device ; 
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determining whether the request may be fulfilled using versions other than the mezzanine content having the highest 
any stored versions of the plurality of stored versions of quality format and resolution . 
the requested content having a format and resolution 8. The method of claim 7 , wherein said at least one of the 
corresponding to the decoding capabilities of the sub- remaining plurality of stored versions has a format that is an 
scriber's device ; adaptive bit rate ( ABR ) format in at least one of H.264 / AVC , 

SVC and HEVC . if the version having a format and resolution correspond 9. The method of claim 1 , wherein the at least one ing to the decoding capabilities of the subscriber's criterion related to a threshold of time determined for 
device is stored , deliver the stored version to the deletion of assets from storage includes a respective point in requesting subscriber's device ; time at which to delete each of the remaining plurality of 

if the version having a format and resolution correspond- stored versions . 
ing to the decoding capabilities of the subscriber's 10. The method of claim 1 , wherein the determination of 
device is not stored , regenerate from a stored version of the at least one criterion related to a threshold in time 
the plurality of stored versions , having a respective whether to delete assets from storage includes determining 
format and resolution , the format and resolution that to retain at least one of the remaining plurality of stored 
corresponds to the decoding capabilities of the sub versions and deleting at least another one of the remaining 
scriber's device , the regeneration occurring on demand plurality of stored versions . 

11. The method of claim 1 , wherein the remaining plu via an on demand transcoder in the network digital 
video recorder . rality of stored versions are deleted at the same time . 

2. The method of claim 1 , wherein the remaining plurality 12. The method of claim 1 , wherein it is determined based 
of stored versions have a lower bit rate and lower resolution on the at least one criterion related to a comparison of costs 
than that of the mezzanine content . to delete one or more of the remaining plurality of stored 

versions . 3. The method of claim 1 , wherein the mezzanine content 
comprises a highest quality format relative to the remaining 13. The method of claim 1 , wherein all of the remaining 
plurality of stored versions . plurality of stored versions are deleted from content based 

4. The method of claim 1 , wherein at least one of the on the at least one [ of the threshold of time or the 
remaining plurality of stored versions has a second format son of costs ] criterion , retaining only the mezzanine content . 
and a second resolution that is derived from the mezzanine 14. The method of claim 1 , wherein the version having a 

format and resolution corresponding to the decoding capa content . 

5. The method of claim 4 , wherein said at least one of the 30 said version from the mezzanine content . bilities of the subscriber's device is not stored , regenerating 
remaining plurality of stored versions has a format that is an 
adaptive bit rate ( ABR ) format in at least one of H.264 / AVC , 15. The method of claim 1 , wherein the at least one 
SVC and HEVC . criterion related to a threshold of time is met when one 

6. The method of claim 1 , wherein [ the ] one of the version of the plurality of versions is watched . 
plurality of stored versions other than the mezzanine content 35 criterion related to a threshold of time is met when a 16. The method of claim 1 , wherein the at least one 
comprise a highest quality format and resolution . 

7. The method of claim 6 , wherein it is determined based predetermined time elapses since storing the requested 
on the ?threshold of time or the comparison of costs ) at least content in the plurality of versions . 
one criterion to retain the one of the plurality of stored 
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