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FIG. 1A

video content to increase archival storage is provided. In one embodiment, a data,
storage device is provided comprising a. memory' and a controller. The controller
is configured to determine that available storage space in the memory' is less than a
threshold; in response to determining that the available storage space inthe memory
is less than the threshold: read a video file from the memory; and re-encode the
video file to decrease a size of the video file, wherein re-encoding the video file
increases available storage space in the memory without deleting the video file.
Other embodiments are provided.
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Diata Storage Device and Method for Auto-Peeling of Surveillance
Video Content o Increase Archival Storage
Background
[0081]  Invideo surverllance systems, digital video captured by a camera is sometimes
stored in a loop 18 memory, where the oldest previousty-writien video s erased t¢ make
room to store a new video. In this way, the memory (sometimes referred to as a circular
nmemory) is like a first-in-first-out (FIF() queue, where new video data is continucusly
written at one end of the memory, and, once the memory reaches its capacity limit, the

oldest-written video data is deleted o make space for new, incoming video data.

Brief Description of the Drawings
[0082]  Figure 1A s a block diagram of g data storage device of an embodiment.
{0603] Figure 1B is a block diagram illustrating a storage module of an embodiment.
[0004] Figure 1C i3 a block diagram illustrating a hierarchical storage system of an
embodiment.
100053]  Figure 2A 15 a block diagram ilustrating components of the controller of the
data storage device tllustrated in Figure 1A according to an embodiment,
{0006]  Figure 2B 15 a block diagram illustrating components of the memory data
storage device illustrated in Figure 1A according to an embodiment.
{0087]  Figure 3 13 a block diagram of a host and data storage device of an embodiment.
{0008] Figure 4 is a video surveiliance storage matrix of an embodiment.
{0069]  Figure 515 an tllustration of a data storage device of an embodiment.
{0018] Figure 615 an tllustration of storage capacity of a memory of an embodiment.
{0011] Figure 715 an tllustration of storage capacity of a memory of an embodiment
with auto-peeling of past recorded content after five days.
{0012] Figure 815 an tllusiration of storage capacity of a memory of an embodiment
with auto-peeling of past recorded content after ten days.
{0613] Figure 9 1s an tllustration of storage capacity of a memory of an embodiment
with auto-peeling of past recorded content after fifteen days.
{0014] Figure 1015 an illustration of storage capacity of a memory of an embodiment

with auto-peeling of past recorded content afier twenty days.
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Dretailed Description
[0015] Overview
j0016] By way of introduction, the below embodiments relaie to a data storage device
and method for auto-peeling of surveiliance video content to increase archival storage. In
one embodiment, a data storage device is provided comprising a memory and a
controller. The controller is configured to determine that avalable storage space tn the
memory i3 less than a threshold; in response to determining that the available storage
space in the memory is less than the threshold: read a video file from the memory; and re-
encode the video file to decrease a size of the video file, wherein re-encoding the video
file increases available storage space in the memory without deleting the video file.
{6617]  In some embodiments, the size of the video file 1s decreased by lowering the
resolution of the video file.
{0018] In some embodiments, the size of the video file is decreased by lowering a bit
rate of the video file.
{0019] In some embodiments, the size of the video file is decreased by removing video
frames from the video file.
{0026] In some embodiments, the controlier is further configured to select the video
file to re-encode based on how long the video file was stored in the memory.
{0021]  Tn some embodiments, the video file was stored in the memory for a longer
tength of time than another video file.
{00221 In some embodiments, the controller is further configured to update a logical-
to-physical address map to retlect the re-encoded video file.
{0623] To some embodiments, a portion of the memory 1s allocated for storage of video
files.
{0624] To some embodiments, the controlier comprises an audio/video encoder/decoder
configured to re-encode the video file
[0028] In some embodiments, the video file comprises a surveillance video.
[0026] In some embodiments, the memory comprises a three-dimensional memory.
{0027]  Io another embodiment, a method 1s provided that is perforroed in a data storage
device comprising a memory. The method comprises: determining that available storage

capacity in a portion of the memory allocated for storage of video files needs to be
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increased; selecting a video file stored in the portion of the memory; and re-encoding the
video file to decrease a size of the video file to increase available storage capacity in the
portion of the memory without deleting the video file.

[0028] In some embodiments, re-encoding comprises lowering the resolution of the
video file.

{0029] In some embodiments, re-encoding comprises lowering a bit rate of the video
file.

[0638] Tn some embodiments, re-encoding comprises removing video frames from the
video file.

{0631] To some embodiments, the video file 1s selected based on how long the video
file was stored in the portion of the memory.

{0032] In some embodiments, the video file was stored in the portion of the memory
for alonger length of time than another video file.

{0633] To some embodiments, the method further comprises updating a logical-to-~
physical address map to reflect the re-encoding.

[0034] In some embodiments, the video file comprises a surveillance video.

{0033]  In another embodiment, a data storage device 13 provided comprising a
memory, means for determining that available storage space in the memory is less than a
threshold; means for reading a video file from the memory, and means for re-encoding
the video file to decrease a size of the video file.

{8036] Other embodiments are possible, and cach of the embodiments can be used
alone or together in combination. Accordingly, various embodiments will now be
described with reference to the attached drawings.

{0037] Embodiments

{0338] The following embodiments relate to a data storage device (DSD). As used
herein, a “data storage device” refers to a device that stores data. Examples of BSDs
include, but are not limited to, hard disk drives (HDDs), solid state drives (5S8Ds), tape
drives, hybrid drives, etc. Details of example DSDs are provided below.

{0G39] Data storage devices suitable for use in implementing aspects of these
embodiments are shown in Figures TA-1C. Figure 1A 15 a block diagram iliustrating a

data storage device 100 according to an embodiment of the subject matter described



WO 2022/265684 PCT/US2022/012860

herein. Referring to Figure 1A, data storage device 100 includes a controller 102 and
non-volatile memory that may be made up of one or more non-volatile memory die 104.
As used herein, the term die refers to the collection of non-volatile memory cells, and
associated circuitry for managing the physical operation of those non-volatile memory
cells, that are formed on a single semiconductor subsirate. Controller 102 interfaces with
a host system and trapsmits command sequences for read, program, and erase operations
to non-volatile memory die 104

{00401  The controller 102 {which may be a non-volatile memory controller {e.g. a
flash, resistive random-access memory {ReRAM]}, phase-change memory (PCM), or
magnetoresistive random-access memory (MRAM) controlier)) can take the torm of
Processing circuitry, a microprocessor or processor, and a computer-readable medium
that stores computer-readable program code {e.g , firmware) executable by the
{micro)processor, logie gates, switches, an application specific integrated circuit (ASIC),
a programmable logic controlier, and an embedded microcontroller, for example. The
controller 102 can be configured with hardware and/or firmware to perform the various
functions described below and shown 1o the flow diagrams. Also, some of the
components shown as being internal to the controller can also be stored external to the
controlier, and other components can be used. Additionally, the phrase “operatively in
communication with” could mean directly in communication with or indirectly {wired or
wireless} in communication with through one or more components, which may or may
not be shown or described herein.

{08417 Asused herein, a non-volatife memory controller is a device that manages data
stored on non-volatile memory and communicates with a host, such as a computer or
electronic device. A non-volatile memuory controller can have various functionality in
addition to the specific functionality described herein. For example, the non-volatile
memory controller can format the non-volatile memory to ensure the memory is
operating properly, map cut bad non-volatiie memory cells, and allocate spare cells to be
substituted for future failed cells. Some part of the spare cells can be used to hold
firmware to operate the non-volatile memory controfler and implement other features. In
operation, when a host needs to read data from or write data to the non-volatile memory,

it can communicate with the non-volatile memory controller. If the host provides a
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fogical address to which data is to be read/written, the non-volatile memory controller can
convert the logical address received from the host to a physical address in the non-
volatile memory. {Alternatively, the host can provide the physical address.} The non-
volatite memory controller can also perform various memory management functions,
such as, but not limited to, wear leveling {distributing writes to avoid wearing out specific
blocks of memory that would otherwise be repeatedly written to) and garbage collection
{after a block is full, moving only the valid pages of data to a new block, so the full block
can be erased and reused).

j0042] Non-volatile memory die 104 may include any suitable non-volatile storage
mediurn, tncluding resistive random-access mermory (ReRAM), magnetoresistive
random-access memory (MRAM), phase-change memory (PCM), NAND flash memory
cells and/or NOR tlash memory cells. The memory cells can take the form of solid-state
(e.g., flash) memory cells and can be one-time programumable, few-time programmable,
or many-tume programmable. The memory cells can also be single-level cells (SLC),
multiple-level cells (MLC), triple-level cells {TLC), or use other memory cell level
technologies, now known or later developed. Also, the memory cells can be fabricated in
a two-dimensional or three-dimensional fashion.

{0043] The interface between controller 102 and non-volatile memory die 104 may be
any suitable flash interface, such as Toggle Mode 200, 400, or 800, In one embodiment,
the data storage device 100 may be a card based system, such as a secure digital (SB)ora
micro secure digital (micro-SD) card. In an alternate embodiment, the data storage
device 100 may be part of an embedded data storage device.

{0044]  Although, in the example illustrated in Figure 1A, the data storage device 100
{sometimes referred to herein as a storage module) includes a single channel between
controller 102 and non-volatile memory die 104, the subject matter described herein is
not limited to having a single memory channgl. For example, in some architectures {such
as the ones shown in Figures 1B and 1C}, two, four, eight or more memory channels may
exist between the controller and the memory device, depending on controller capabilities.
in any of the embodiments described herein, more than a single channel may exist
between the controller and the memory die, even if a single channel is shown in the

drawings.
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{0045 Figure 1B illustrates a storage module 200 that includes plural non-volatile data
storage devices 100, As such, storage module 200 may include a storage controller 202
that interfaces with a host and with data storage device 204, which includes a plurality of
data storage devices 100, The interface between storage controller 202 and data storage
devices 100 may be a bus interface, such as a serial advanced technology attachment
{SATA), peripheral component interconnect express (PCle) interface, or double-data-rate
(DDR ) interface. Storage module 200, in one embodiment, may be a solid state drive
(88D, or nou-volatile dual in-line memory module (NVDIMM), such as found in server
PC or portable computing devices, such as laptop computers, and tablet computers.
{0646] Figure 1C s a block diagram ilustrating a hierarchical storage system. A
hierarchical storage system 250 ncludes a plurality of storage controllers 202, each of
which controls a respective data storage device 204, Host systems 252 may access
memories within the storage systero 250via a bus interface. In one embodiment, the bus
interface may be a Non-Volatile Memory Express (NVMe) or Fibre Channel over
Ethernet (FCoE) interface. In one embodiment, the system Hhustrated in Figure 1C may
be a rack mountable mass storage system that is accessible by multiple host computers,
such as would be found in a data center or other location where mass storage 1s needed.
{0047] Figure 2A 15 a block diagram illustrating components of controller 102 in more
detail. Controlier 102 includes s front-end module 108 that interfaces with a host, a
back-end module 110 that interfaces with the one or more non-volatile memory die 104,
and various other modules that perform functions which will now be described in detail.
A module may ake the form of a packaged functional hardware unit desigoed for use
with other components, a portion of a program code {e.g., software or firmware)
executable by a (micro)processor or processing circuitry that usually performs a
particular function of related functions, or a self-contained hardware or software
component that interfaces with a larger system, for example. Alse, “means” for
performing a function can be implemented with at least any of the structure noted herein
for the controller and can be pure hardware or a combination of hardware and computer-
readable program code.

10848] Referring again to modules of the controller 102, a buffer manager/bus

controlier 114 manages butfers i random access memory (RAM) 116 and controls the
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internal bus arbitration of controlier 102, A read only memory (ROM} 118 stores system
boot code. Although illustrated in Figure 2A as located separately from the controlier
102, in other embodiments one or both of the RAM 116 and ROM 118 may be located
within the countroller. In yet other embodiments, portions of RAM and ROM may be
focated both within the controller 102 and outside the controller.

{0049] Front-end module 108 includes a host interface 120 and a physical layer
intertace (PHY} 122 that provide the electrical interface with the host or next leve
storage coutrolier. The choice of the type of host interface 120 can depend on the type of
memory being used. Examples of host interfaces 120 include, but are not limited to,
SATA, SATA Express, serially attached small coroputer systern interface (SAS), Fibre
Channel, universal serial bus (USB), PCle, and NVMe. The host intertace 120 typucally
faciliates transter for data, control signals, and timing signals,

[0038] Back-end module 110 includes an error correction code (ECC) engine 124 that
encodes the data bytes received from the host, and decodes and error corrects the data
bytes read from the non-volatile memory. A command sequencer 126 generates
command sequences, such as program and erase command sequences, to be transmitted
to non-volatile memory die 104, A RAID (Redundant Array of Independent Drives)
module 128 manages generation of RAID panty and recovery of failed data. The RAID
parity may be used as an additional level of integnity protection for the data being written
into the memory device 104 In some cases, the RAID module 128 may be a part of the
ECC engine 124, A memory interface 130 provides the command sequences to non-
volatite memory die 104 and receives status information from non-volatile memory die
104, In one embodiment, memory interface 130 may be a double data rate (DDR)
interface, such as a Toggle Mode 200, 400, or 800 interface. A flash control layer 132
controls the overall operation of back-end module 110

{08051] The data storage device 100 also includes other discrete components 140, such
as external electrical interfaces, external RAM, resistors, capacitors, or other components
that may interface with controller 102, In alternative embodiments, one or more of the
physical layer interface 122, RAID module 128, media management layer 138 and buffer
management/bus controller 114 are optional components that are not necessary in the

controller 102,

~1
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{0052] Figure 2B is a block diagram illustrating components of non-volatile memory
die 104 in more detail. Non-volatile memory die 104 includes peripheral circuitry 141
and non-volatile memory array 142, Non-volatile memory array 142 includes the non-
volatile memory cells used to store data. The non-volatile memory cells may be any
suitable non-volatite memory cells, including ReRAM, MRAM, PCM, NAND fiash
memory cells and/or NOR flash memory cells in a two-dimensional and/or three-
dimensional configuration. Non-volatide memory die 104 further includes a data cache
156 that caches data. Peripheral cireuitry 141 includes a state machine 152 that provides
status information to the controller 102

{00531 Returning again to Figure 2A, the flash control Jayer 132 (which will be
referred to heretn as the tlash translation layer (FTL} or, more generally, the “media
management layer,” as the memory may not be flash) handles flash errors and nterfaces
with the bost. In particular, the FTL, which may be an algorithm 10 Srroware, s
responsible for the internals of memory management and travslates writes from the host
into writes to the memory 104. The FTL may be needed because the memory 104 may
have limited endurance, may be written in only multiples of pages, and/or may not be
written unless it 1s erased as a block. The FTL understands these potential hmitations of
the memory 104, which may not be visible to the host. Accordingly, the FTL attempis to
translate the writes from host into writes into the memory 104

{0054] The FTL may include a logical-to-physical address {1.2P) map and allotted
cache memory. In this way, the FTL translates logical block addresses ("LBAs") from
the host {o physical addresses in the memory 104, The FTL can include other features,
such as, but not limited to, power-off recovery (so that the data structures of the FTL can
be recovered in the event of a sudden power loss} and wear leveling {(so that the wear
across memory biocks is even to prevent certain blocks from excessive wear, which
would result in a greater chance of failure).

{0058]  Turning again to the drawings, Figure 3 is a block diagram of a host 300 and
data storage device 100 of an embodiment. The host 300 can take any suitable form,
including, but not limited to, a computer, a mobile phone, a tablet, a wearable device, a
digital video recorder, a surveillance system, etc. The host 300 in this embodiment (here,

a computing device) comprises a processor 330 and a memory 340, In one embodiment,
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computer-readablie program code stored in the host memory 340 configures the host
processor 330 to perform the acts described herein. So, actions performed by the host
300 are sometimes referred to herein as being performed by an application {computer-
readable program code) run on the host 300,

{0056] As mentioned above, in video surveillance systems, digital video captured by a
camera 1s sometimes stored in a loop in memory, where the oldest previously-written
video is erased to make room to store a new video. The captured data 1s stored in
sequential files. Once the allocated storage is full, the data storage device overwrites the
old data with new recorded data in a loop recording. Thus, the amount of archival
storage 1s imited by the amount of storage available. This can be problematic, especially
when video 15 recorded in high-defimution quality, which limits the amount of archival
storage.

{0087  Whale there are available technigues to increase archival storage at the tiroe of
recording, most of these techniques affect the quality of the recoded data. However, the
quality of recorded data may be vital at the time of playback for any analysis on the
recorded data. To deliver required performance and efficiency in each securnity
environment, a video surveiliance system may be required to have enough storage
capacity to address three fundamental video parameters. quantity {the number and time
duration of the video streams), quality (the image quality of the video streams, expressed
in terms of frame resoiution {e.g., 1280 x1024 pixels) and frames per second (fps)), and
archiving (the length of time the video streams will be stored 1n the memory of the data
storage device). Figure 4 is a diagram of a video surveillance storage matrix for Moving
Picture Experts Group (MPEG)-4 encoding that illustrates the interrelationship among
these factors.

{0G38]  As noted above, when the portion of the memory 104 that stores video files is
full or is getting full, the oldest stored video file can be deleted to make room for a new
video file. It is possible that the deleted video file will be needed for review in the future.
However, once the video file is deleted, that is not possible. To address this situation, the
following embodiments can create free space in the memory 104 without deleting the file.
More particularly, in these embodiments, instead of deleting the video file, the controller

102 of the data storage device 100 can re-encode the video file to reduce its size (this

9
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process 15 sometimes referred to herein as “peeling” or “auto-peeling”}. This creates free
space in the memory 104 for storage of a new video file without deleting the old video
file. That is, instead of overwriting old recorded footage with a new one, these
embodiments peel off the old recorded footage (e.g., when the allocated storage space in
the memory 104 is nearing fullness) to increase the archival storage space. Because the
old video file is still stored in the memory 104, it can still be viewed, albeit at a lower
quality.

{0659] Tt should be noted that, with these embodiments, the imitially quality of the
recorded video is not necessarily decreased, as the decrease in quality comes later when
the video file is auto-peeled. So, at the time of recording, the quality of the recorded data
can be maintained to its maximoum quality, i desired. As the age of the footage
increases, the controller 102 of the data storage device 100 can internally decode 1t and
again re-encode it to a lower resolution or a lower bit rate to reduce the storage space of
the footage, thus increasing the archival storage within the availsble storage space o the
memory 104, In the surveillance system, the importance of recorded footage may reduce
with ime. For example, data recorded in the last three-to-four days may be more
relevant than data recorded more than twenty days ago.

{0066] The following paragraphs provide example implementations of these
embodiments. It should be understood that these are merely examples and other
implementations can be used.

{0061] Turming again to the drawings, Figure 5 is an example of a data storage device
100 that can be used with these embodiments. As shown in Figure S, in this example, the
controller 102 comprises a flash translation layer (FTL) module 510, a logical-to-physical
(L2P) address mapping moduie 520, a video decoder 530, a video encoder 540, a read
buffer 550, and a write buffer 560. Also, in this example, the memory 104 comprises a
plurality of memory dies, and a portion of the memory 104 is allocated for storage of
video files.

10062] In this example, the controller 102 monitors the memory 104 to determine
whether available storage space in the memory 104 is less than a threshold. The
controller 102 can use any suitabie mechanism to determine whether available storage

capacity in the memory 104 is less than the threshold and needs to be increased. For
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example, in the implementation shown in Figure 5, the FTL module 510 in the controller
102 periodically checks to see whether the remaining space is nearing the fullness of the
allocated storage capacity {act 13 If the remaining space is less than the threshold, the
controller 102 starts peeling off one of video files stored in the memory 104, To do this,
the controlier 102 can read a video file from the memory 104 {(act 2}, store it in the read
buffer (act 3), decode the video file with the video decoder 530 {act 4), re-encode the
video file with the video encoder 540 in a way that reduces the size of the video file {(act
53, write the re-encoded video file 1o the write buffer 560 (act 6), and then write the re-
encoded video file back to the memory 104 (act 7). The L2P module 520 can then update
a logical-to-physical address rap stored in the memory 104 to reflect the re-encoded
video file (acts 8 and 9).

{00663] The controller 102 can chose the video file to re-encode 1o any suitable way.
For example, the coutroller 102 can select the video file to auto-peel based on how long
the video file was stored o the memory 104, In this way, a video file stored i the
memory 104 for a longer length of time {e g, the oldest video file) can be selected for
auto-peeling before another video file. Factors other than or in addition to age of the
video file can be used 1o the selection. Also. the controller 102 can re~encode the
selected video file in any suitable way to reduce its size. For example, the controller 102
can lower the resolution of the video file, lower a bit rate of the video file, and/or remove
video frames from the video file.

{0064] Turming again to the drawings, Figures 6-10 illustrate how these embodiments
can increase archival storage in the memory 104, In this example, a bigh-definition video
is captured with 30 fps in one terabyte (TB) of storage space in the memory 104, As per
the matrix in Figure 4, in a traditional data storage device, high-definition (HD) quality
video {1280 x 1024} with 30 fps of recorded content in one TB of storage space can only
be stored for eight days (Figure 6. After that, the loop recording mechanism will start
overwriting the old content.

{0065]  In a traditional data storage device, in five days, the device will consume 640
gigabytes {(GB} of storage space while capturing HD quality (1280 x 1024}, 30 tps
content, and the tree space will be 384 GB. With these embodiments, the controller 102

will perform auto-peeling of past recorded content to avoid deleting a video file. So, the
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next day onwards, the controller 102 can start peeling off the old content to reduce the
storage requirement {Figure 7).

10066] After 10 days (Figure 8}, the controller 102 can strip data to a lower resolution
{e.g., standard detinition (8D) guality) with the same 30 fps. This will help reduce the
storage requirement for the first five days data from 640 GB to ~182 GB. The recent five
days of data are still captured in HD quality. Similarly, after 15 days (Figure 9), the first

five days of data (10" 0 15™

day) can be further peeled off to a lower 20 fps with the
sarne SD quality. This will help 1o reducing the first five days of data storage required to
122 GB from 182 GB. As described above, the 5™ 1o 10" days of data are reduced to SD
quality, and the recent five days of data will still be stored in HD quality. As shownin
Figure 10, the data that 1s recorded in the initial five days can be further peeled off to a
tower 10 tps with the same SD quality. This will help 10 reducing the fivst five days data
of storage required to just 60 GB from 122 GB.

[0667]  So, in this example, instead of just stoning eight days of HD quality data, these
embodiment can be used to provide five days of the same HD quality data along with five
days of S quality data with 30 fps and another five days of content with SD quality with
20 fps and another five days of data with SD quahity with 10fps. So, the video file is
stored for a total of 20 days instead of § days.

{0068] There are many advantages associated with these embodiments. For example,
by peeling oft aged video data 1o a lower guality instead of overwriting it with recent
data, there embodiments can increase the archival storage without compromising the
initial recording quality. This allows the aged video to be vigwable while continuing to
peel off the video to a series of relevant images.

{006%] Finally, as mentioned above, any suitable type of memory can be used.
Semiconducior memory devices include volatile memory devices, such as dynamic
random access memory {(“DRAM”) or static random access mamory {"SRAM”) devices,
non-volatile memory devices, such as resistive random access memaory {(“ReRAM™),
electrically erasable programmable read only memory (“EEPROM”), flash memory
{which can also be considered a subset of EEPROM), ferroelectric random access
memory {“FRAM”), and magnetoresistive random access memory ("MRAM”), and other

semiconductor elements capable of storing information.  Each type of memory device
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may have different configurations. For example, flash memory devices may be
configured in a NAND or a NOR configuration.

10078] The memory devices can be formed from passive and/or active clements, in any
combinations. By way of non-limiting example, passive semiconductor memory
elements include ReRAM device elements, which in some embodiments include a
resistivity switching storage element, such as an anti~fuse, phase change material, etc.,
and optionally a steering element, such as a diode, etc.  Further by way of non-limiting
example, active senuconductor memory elements include EEPROM and tlash memory
device elements, which in some embodiments include elements containing a charge
storage region, such as a floating gate, conductive nanoparticles, or a charge storage
dielectric material,

{0671] Multiple memory elements may be contigured so that they are connected in
series ot so that each element is tndividuslly accessible. By way of non-limiting
example, flash memory devices in a NAND configuration (NAND memory) typteally
contain memory elements connected in series. A NAND memory array may be
configured so that the array 1s composed of multiple strings of memory in which a string
is composed of multiple memory elements sharing a single bit line and accessed as a
group. Alternatively, memory elements may be configured so that each element is
individually accessible, e.g., a NOR memory array. NAND and NOR memory
configurations are examples, and memory elements may be otherwise configured.

{8072] The semiconductor memory elements located within and/or over a substrate
may be arranged tn two ot three dimensions, such as a two-dimensional memory structure
or a three-dimensional memory structure.

{0873] In a two-dimensional memory structure, the semiconductor memory elements
are arranged in a single plane or a single memory device level, Typically, 10 a two-
dimensional memory structure, memory elements are arranged in a plane (e.g., in an x-z
direction plane} which extends substantially parallel to a major surface of a subsirate that
supports the memory elements. The substrate may be & wafer over or in which the layer
of the memory elements are formed or it may be a carrier substrate which is attached to
the memory elements after they are formed. As a non-limiting example, the substrate

may include a semiconductor such as silicon.
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{8074] The memory elements may be arranged in the single memory device level in an
ordered array, such as in a plurality of rows and/or columns. However, the memory
elements may be arraved in non-regular or non-orthogonal configurations. The memory
elements may each have two or more electrodes or contact lines, such as bit Hines and
wordlines.

{0075] A three-dimensional memory array is arranged so that memory elements occupy
multiple planes or multiple memory device levels, thereby tforming a structure in three
dimensions (i.e., in the x, y and z directions, where the v direction is substastially
perpendicular and the x and z directions are substantially parallel to the major surface of
the substrate).

{0076]  As anon-limiting example, a three~-dimensional memory structure may be
vertically arranged as a stack of multiple two-dimensional memory device levels. As
another non-limiting example, a three-dimensional memory array may be arranged as
multiple vertical columns {e.g., columns extending substantially perpendicular to the
major surface of the subsirate, 1.e., i the y direction} with each column having multiple
memory elements in each column. The colurnns may be arranged in a two-dimensional
configuration, e.g , in an x-z plane, resulting 1n a three-dirensional arrangement of
memory elements with elements on multiple vertically stacked memory planes. Other
configurations of memory elements in three dimensions can also constitute a three-
dimensional memory array.

{00771 By way of non-limiting example, in a three-dimensional NAND memory array,
the memory elements may be coupled together 1o form a NAND siring within a single
horizontal {e.g., x-z} memory device levels. Alternatively, the memory elements may be
coupled together to form a vertical NAND string that traverses across multiple horizontal
memory device levels. Other three-dimensional configurations can be envisioned
wherein some NAND strings contain memory elements in a single memory level while
other strings contain memory elements which span through multiple memory levels.
Three-dimensional memory arrays may also be designed in a NOR configuration and in a
ReRAM configuration.

10878] Typically, in a monolithic three-dimensional memory array, one or more

memory device levels are formed above a single substrate. Optionally, the monelithic
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three-dimensional memory array may also have one or more memory layers at least
partially within the single substrate. As a non-limiting example, the substrate may
include a semiconductor such as silicon. In a monolithic three-dimensional array, the
fayvers constituting each memory device level of the array are typically formed on the
tayers of the underlying memory device levels of the array. However, layers of adjacent
memory device levels of a monolithic three-dimensional memory array may be shared or
have intervening layers between memory device levels,

{0679] Then again, two-dimensional arrays may be formed separately and then
packaged together to form a non-monolithic memory device having multiple layers of
memory. For example, non-monolithic stacked memories can be constructed by forming
memory levels on separate substrates and then stacking the memory levels atop each
other The substrates may be thinned or removed from the moemory device levels before
stacking, but as the memory device levels are iutially formed over separate subsirates,
the resulting memory arrays are vot movolithic three-dimensionsl roemory arrays.
Further, multiple two-dimensional memory arrays or three-dimensional memory arrays
{mounolithic or non-monolithic may be formed on separate chips and then packaged
together to form a stacked-chip memory device.

[0080] Associated circuitry 1s typically required for operation of the memory elements
and for communication with the memory elements. As non-himiting examples, memory
devices may have circuiiry used for controlling and driving memory elements o
accomplish functions such as programming and reading. This associated circuitry may
be on the same substrate as the memory elements and/or on a separate subsirate. For
example, a controller for memory read-write operations may be located on a separate
controller chip and/or on the same substrate as the memuory elements.

{0081] One of skill in the art will recognize that this invention is not limited to the two-
dimensional and three-dimensional structures described but cover all relevant memory
structures within the spirit and scope of the invention as described herein and as
understood by one of skill in the art.

{0082] It is intended that the foregoing detailed description be understood as an
tlhustration of selected forms that the invention can take and not as a definition of the

invention. It is only the tollowing claims, including all equivalents, that are intended to

o
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define the scope of the claimed invention. Finally, it should be noted that any aspect of
any of the embodiments described herein can be used alone or in combination with one

another.
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What is claimed is;

I A data storage device comprising:
a memory; and
a controller configured to:
determine that available storage space in the memory is less than a
threshold,
in response to determining that the available storage space in the memory
15 less than the threshold:
read a video file from the memory; and
re-encode the video file {0 decrease a size of the video file,
wherein re-encoding the video file increases avatlable storage space in the

memary without deleting the video file.

2. The data storage device of Claim 1, wherein the size of the video file is decreased

by lowering the resclution of the video file.

The data storage device of Claim 1, wherein the size of the video file is decreased

by lowering a bit rate of the video file.

4. The data storage device of Claim 1, wherein the size of the video file is decreased

by removing video frames from the video file.

17
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5. The data storage device of Claim 1, wherein the controlier is further configured to
select the video file to re-encode based on how long the video file was stored in the

Memory.

6. The data storage device of Claim 5, wherein the video file was stored n the

memory for a longer length of time than another video file,

7. The data storage device of Claim 1, wherein the controller is further configured to

update a logical-to-physical address map to reflect the re-encoded video file.

g. The data storage device of Claim 1, wherein a portion of the memory is allocated

for storage of video files.

9. The data storage device of Claim 1, wherein the controller comprises an

audio/video encoder/decoder contigured to re-encode the video file.

10, The data storage device of Claim 1, wherein the video file comprises a

surveiliance video.

11 The data storage device of Claim 1, wherein the memory comprises a three-

dimensional memory.

12. A method comprising:

i8
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erforming the following in a data storage device comprising a memory:
determining that availabie storage capacity in a portion of the memory
allocated for storage of video files needs to be increased;
selecting a video file stored in the portion of the memory; and
re-encoding the video file to decrease a size of the video file to increase
available storage capacity o the portion of the memory without deleting the video

file

13. The method of Clairn 12, wherein re-encoding comprises lowering the resolution

of the video file.

14. The method of Claim 12, wherein re-encoding comprises lowering a bit rate of the

video file.

15. The method of Claim 12, wherein re-encoding comprises removing video frames

from the video file.

16. The method of Claim 12, wherein the video file is selected based on how long the

video file was stored in the portion of the memory.

17. The method of Claim 16, wherein the video file was stored in the portion of the

memory for a longer length of time than another video file.
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18, The method of Claim 12, further comprising updating a logical-to-physical

address map to reflect the re-encoding.

19, The method of Claimn 11, wherein the video file comprises a surveillance video.
20, A data storage device comprising:

2 memory;

means for determining that available storage space in the memory is less than a
threshold,

means for reading a video file from the memory; and

means for re-encoding the video file to decrease a size of the video file.

20



WO 2022/265684 PCT/US2022/012860

1/7
TOHOST
‘ﬁ} DATA STORAGE
DEVICE
7 0 o
CONTROLLER] v
g
|
i i
04 NONVOLATILE
411 MEMORY TOHOST
STORAGE MODULE @
200
221 STORAGE
CONTROLLER
FIG. 1A y e S
204
.
102 102 102
N coNTRALLER || M cONTROLLER || N conTRoLLER
100 100 100
N N oy
104 104
Nt N -t
252 252
HOST b » 5 HOST b—"  HIERARCHICAL STORAGE

ﬁ’? ﬁ'éig SY?S;‘EE'\/?
G2 S |/

] 1

202 e 202 pe—
STORAGE . g STORAGE | ., . .

"1 CONTROLLER | ° ° CONTROLLER

04 |patASTORAGE| , , 2% IDATASTORAGE| , , .
DEVICE DEVICE

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/012860

WO 2022/265684

2/7

V¢ 9Ol

SLNANOINOD

#3H10

oﬁx\

ACINZR
JHLFTOANON

wof\w

O oy

S N Gy

AN
T LS ONINOD
HIAYT ININIOYNYIN VIOaN Ky S/ LAY
My NERNRY:
e
Ok \\
i
HIAYT
OYLNOD HSY 1
201~ (o
FOVAYZINI .
. Givy ol
P Y THA ™~
o JEEN >
AHd
i Gl
- AIONINDIS 303 b A.Hv
A vek PO R E e SANEIL
SOH |
P 804 18 I~
TNAOK ONIHOVE ), v
SITIOHINGD % FHGOW ONZ ENOM

ADIAG0 JOVHOLE YiVE

1S0H
oL

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/012860

WO 2022/265684

37

d¢ Ol

d4003030 $53H0aY
'

ag, "
p=
[
[
A3
mm
AVY AOR I &8
THLIOANON &
(]
[&]
P ]
i 1 _.\H(.
IHOVD VLIVE
£
s

INHOWYI
EERAR

N

L0

:\_\ AALIN0YID
TNTHAM D

ALONIN ULV IONANON

A0NAG JOWH0LE WiV

\\...,
ol

SININOINCO A
F1343SH H3HL0

PN

~1 N0
8il

b R A

N ST SE

aii

HATIOHLINGD

LS0OH
0L

SUBSTITUTE SHEET (RULE 26)



WO 2022/265684

417

PCT/US2022/012860

330 T

AN

Y

PROCESSOR
3403
N MEMORY
300,
HOST

FIG. 3

,,
%
%,

a1
-

CONTROLLER

MEMORY
DHE(s)

DATA STORAGE DEVICE

W 1 GO
T

s
o
o
&

SUBSTITUTE SHEET (RULE 26)



SRR #

SRR #

Yool X 08dk

PCT/US2022/012860

SRR #

08F X0

SRR #

Qe K 282

021 X941

[ 114
£l 3
252 vad
026 088
gly gdle

Aveden sl DIBH SOUEJIDAING

soige ejceLeA Huips

o~

-~

N

yeoL X 08¢i

5/7

08y ¥ 3.

Qe X &8¢

0cL X84t

gy 9
891 9¢i
925 968

yoel 880}
gly g.le

Aucedeq el pisl esueiioans

sdiz tejgey

Bupioo8y DS LN

FonL X088t

08F X704

O X g5E

02k X 94t

70l 8. 92 SRR #

e 852 83 SAR(I #

raiL B8/ #

844% 280% #
i giy Hig

Aoeder salg pieH soUBHRAING

soigl eicrueA DU

WO 2022/265684

SUBSTITUTE SHEET (RULE 26)




PCT/US2022/012860

WO 2022/265684

8/7

G Ol

LM A R
O.vv\c\... [

A

LN

ady

JUOTNCSaS I} B
o} 8i8Y PEPOILe-Bl
SR 39LURL

004

SUBSTITUTE SHEET (RULE 26)



WO 2022/265684

717
178 Slorage

PCT/US2022/012860

MPEG HD {1280X1024} 30fps

Recent 5 Days Data

& Days of Recorded Data

FIG. ©

178 Storage

e
g

&

MPEG HD (1280X1024) 30fps

Frae Space

A

e Gt Dty

hd '
5§ Days of Video (B40GE) 384GB
o Recent 5 Days Data 1 Sthite 10th Day
MPEG § .
WMPEG HD (1280%1024) 30fps goEaSh Free Space

w4 (01 Dy

A A

5 Days of Video (840GR)

Recent 5 Days Data

5 Days &f Video
{182.8GB)

FIG. 8

_ Sthio 10th Day

jOth fo 15th Da}L

A

k4

o

MPEG HD (1280X1024) 30fps

MPEG SD
(704X480} 30fps

MPEG SD
(T04X480) 20fos

After

ea
) T Days

A A

Y

64068

A4
162.8GB

FIG. 9

Vet

122GB

~80GB

Last 5 Days

. Recant 5 Days Data | othto 10t Bay 1 10thic15thDayy  Data
- MPEG SD
B L 1R ] MPEG SD MPEGSD | 19nn y ,Jter
MPEG HE {1280X1024) 30fps (704X480) 30fps | (7o4x488) 20tps | U %{}fﬁf@ 20 Days
E\ /E\ Jk LN 5
N hid hd
640GE 182.80R 12268 ~600E

FIG. 10

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2022/012860

A.

CLASSIFICATION OF SUBJECT MATTER

GO6F 16/00(2022.01)i; HO4N 19/10(2022.01)i
CPC:GOGF 16/00; HO4N 19/10

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

GOG6F 16/00; HO4N 19/10
CPC:GOGF 16/00; HO4N 19/10

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Databases consulted: Esp@cenet, Orbit

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

ALL DOCUMENT

US 2006133775 A1 (JU CHI-CHENG?[TW]) 22 June 2006 (2006-06-22)

1-20

ALL DOCUMENT

US 2019149793 A1 (MINDTRONIC AL CO LTD?[KY]) 16 May 2019 (2019-05-16)

1-20

(2009-08-06)
ALL DOCUMENT

US 2009196345 Al ( NAIR AJITH N?[US]; WOODHEAD DOUGLAS F?[US];
RODRIGUEZ ARTURO A?[US]; BURLESON DAVID B?[US]) 06 August 2009

1-20

D Further documents are listed in the continuation of Box C.

See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

> document published prior to the international filing date but later than
the priority date claimed

wr

D&

wyr

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

Israel
Israel

Telephone No. 972-73-3927217
Email: pctoffice @justice.gov.il

27 April 2022 01 May 2022
Name and mailing address of the ISA/IL Authorized officer
Israel Patent Office
Technology Park, Bldg.5, Malcha, Jerusalem, 9695101, POLAT Ofir

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2022/012860
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
uUs 2006133775 Al 22 June 2006 us 2006133775 Al 22 June 2006
CN 1794806 A 28 June 2006
CN 100471250 C 18 March 2009
™ 200623046 A 01 July 2006
™ 1310935 B 11 June 2009
uUs 2019149793 Al 16 May 2019 us 2019149793 Al 16 May 2019
us 10869012 B2 15 December 2020
CN 109803103 A 24 May 2019
CN 207677882 U 31 July 2018
™ M563707 U 11 July 2018
™ 201924314 A 16 June 2019
uUs 2009196345 Al 06 August 2009 us 2009196345 Al 06 August 2009
CA 2539120 Al 31 March 2005
CA 2539120 C 11 February 2014
EP 1671487 Al 21 June 2006
JP 2007506305 A 15 March 2007
MX PA06002972 A 20 June 2006
us 2005074063 Al 07 April 2005
us 7966642 B2 21 June 2011
WO 2005029865 Al 31 March 2005

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report

