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ANALYTICS-MODULATED CODING OF SURVEILLANCE VIDEO

Related Applications

[1001] This application claims priority to, and the benefit of U.S. Provisional Patent

Application Serial No. 61/1 15,427, filed on November 17, 2008, and entitled "Analytics-

Modulated Coding of Surveillance Video," which is incorporated herein by reference in its

entirety.

Background

[1002] The systems and methods disclosed relate generally to video processing and more

particularly to adaptively compressing video based on video analytics.

[1003] Surveillance technology has been increasingly used to monitor people, places and

activities. For example, high-quality surveillance video is being used to better monitor

events and/or to reduce visually distracting artifacts that may interfere with human

recognition. As surveillance video data is retained and archived for longer periods of time,

large amounts of data storage space are typically needed. In addition, more innovative

applications are emerging in which the streaming of video to wireless and mobile devices is

used over evermore bandwidth-constrained networks. Such uses are demanding not only

new surveillance solutions, but also new or enhanced video compression techniques.

[1004] To address the above needs for enhanced compression, it is desirable to have a

technique of coding objects in the surveillance scene so that a region-of-interest (ROI) can

be compressed at higher quality relative to other regions that are visually less-important such

as the scene background, for example. While such techniques have been proposed, they

require the use of custom encoders and decoders. The widespread use of video makes the

deployment of such devices complicated and expensive; a more desirable solution would be

one that permits compressed video streams to be decoded by industry-standard decoders

without requiring special plug-ins or customization. It is furthermore desirable to have an

encoder that produces bit streams that are compliant with the MPEG-4 or H.264

compression standards. Within these standards, it is also desirable to selectively allocate bits

to portions of the scene that are deemed to be important; scene analysis using video analytics

(also called "video content analysis") can be a powerful tool for performing this function.



Summary

[1005] In one or more embodiments, a method and apparatus for encoding surveillance

video where one or more regions of interest are identified and the encoding parameter values

associated with those regions are specified in accordance with intermediate outputs of a

video analytics process. Such analytics-modulated video compression allows the coding

process to adapt dynamically based on the content of the surveillance images. In this

manner, the fidelity of the region of interest (ROI) is increased relative to that of a

background region such that the coding efficiency is improved, including instances when no

target objects appear in the scene. Better compression results can be achieved by assigning

different coding priority levels to different types of detected objects. In addition to

segmentation, classification and tracking modules can be used as well. Because shape

information need not be coded, fewer computational resources and/or fewer bits are

necessary. The analytics-modulated video compression approach is not limited to specific

profiles, does not require a new shape-based coding profile, and produces a compressed

video stream that is compliant with multiple standards. In contrast to other approaches where

varying the frame rate and frame size (i.e., temporal and spatial resolution) may result in

noticeable discontinuity in perceptual quality, the analytics-modulated video compression

approach produces smooth, high-quality video at a low bit rate by adjusting encoding

parameters at a finer granularity.

Brief Description of the Drawings

[1006] Fig. 1 is a system block diagram of an MPEG encoder architecture.

[1007] Fig. 2 is a diagram illustrating motion-compensated prediction in a P-frame.

[1008] Fig. 3 is a diagram illustrating motion-compensated bidirectional prediction in a

B-frame.

[1009] Fig. 4 is a block diagram illustrating a video analytics processing pipeline,

according to an embodiment.

[1010] Fig. 5 illustrates the use of difference image thresholding to obtain foreground

pixels, according to an embodiment.



[1011] Fig. 6 illustrates a classifier discriminating between a person and a car, according

to an embodiment.

[1012] Fig. 7 is a system block diagram of video analytics and coding modules used in

scene-adaptive video coding, according to an embodiment.

[1013] Fig. 8 is a system block diagram of region-based coding by varying quantization

parameter (QP), according to an embodiment.

[1014] Fig. 9 is a system block diagram of a region-based coding incorporating rate

control (RC), according to an embodiment.

[1015] Figs. 10A-10B illustrate different approaches to determining a motion vector

search range, according to embodiments.

[1016] Figs. 1IA-I IE illustrate analytics-modulated coding of video images, according to

other embodiments.

[1017] Figs. 12A-12C illustrate analytics-modulated coding of video images, according

to other embodiments.

[1018] Fig. 13 shows various scenes used to illustrate analytics-modulated coding,

according to other embodiments.

Detailed Description

[1019] Novel techniques can be used for coding objects in a surveillance scene so that a

region-of-interest (ROI) can be compressed at higher quality relative to other regions that are

visually less-important such as the scene background, for example. A scene without objects

can be encoded at a lower bit rate (e.g., higher compression) than a scene with detected

objects. A scene with different types of objects as well as regions with different brightness,

spatial or temporal activities can have the objects and/or regions encoded at different levels

of fidelity. It is desirable that these techniques allow for scaling of various encoding

parameter values so as to use fewer bits when appropriate to produce significantly greater

compression of the surveillance scene without visual artifacts.

[1020] MPEG Video Compression



[1021] The Moving Picture Expert Group (MPEG) is a working group of the

International Organization for Standardization/International Electrotechnical Commission

(ISO/IEC) that develops standards for coded representation of digital audio and video. A

benefit of compression is in data rate reduction that lowers transmission and storage cost,

and where a fixed transmission capacity is available, results in better video quality. Video

signals typically contain a significant amount of redundancy; video samples are typically

similar to each other so that one sample can be predicted fairly accurately from another,

thereby exploiting the correlation among the samples to reduce the video bit rate. The

MPEG standard(s) achieve high compression rates by removing spatial and temporal

redundancy.

[1022] Fig. 1 is a system block diagram of an MPEG encoder architecture that is

configured to compress video signals. The MPEG encoder includes multiple modules. Each

module in the MPEG encoder can be software-based (e.g., set of instructions executable at a

processor, software code) and/or hardware-based (e.g., circuit system, processor,

application-specific integrated circuit (ASIC), field programmable gate array (FPGA)).

[1023] To remove spatial redundancy, the MPEG encoder divides a video frame into

smaller blocks of pixels that are then operated by a Discrete Cosine Transform (DCT)

operation. The DCT operation decorrelates the pixel elements in the spatial domain and

converts them to independent frequency domain coefficients. The process is localized, i.e.,

the encoder samples an 8x8 spatial window to compute the 64 transform coefficients. The

DCT coefficients are energy concentrated, i.e., most of the signal energy is concentrated in a

few low frequency coefficients such that a few of the coefficients contain most of the

information in the frame. For a particular macroblock (e.g., a block of pixels), the DC

coefficient that appears as the top left coefficient contains the average energy of the entire

signal in that macroblock, while the remaining AC coefficients contain higher frequency

information of the macroblock. The DCT coefficients are then adaptively quantized. A

quantization operation involves mapping an input signal with a range of values to a reduced

range of output values. The quantization operation is generally regarded as the lossy part of

video compression. The amount of compression at this stage is typically controlled by a

quantization parameter (QP). A high QP value produces fewer bits used (i.e., greater

compression) at the expense of reduced image or scene quality. After quantization, most of

the high frequency coefficients (e.g., AC coefficients) are reduced to zeros. The quantized



DCT coefficients are subjected to run-length coding to generate (run, level) pairs that

indicate the number of zero coefficients and the amplitude of the following non-zero

coefficient. These (run, level) pairs are then variable-length coded. Variable length coding

(VLC) is typically used to further compress the representation of the signal by assigning

shorter code words to more frequently occurring symbols (pairs) and longer code words to

those that appear less frequently in the sequence.

[1024] To take advantage of temporal correlation, instead of a full frame, it is desirable to

encode the differences that exist between images. Intra-coded (I) frames, also known as I-

frames, contain full frame information that is independent of other frames, while inter-coded

frames, often referred to as predictive-coded (P) or bidirectionally-predictive-coded (B)

frames, represent or are associated with image differences.

[1025] Figs. 2-3 are each a diagram illustrating motion-compensated prediction in a P-

frame and a B-frame respectively. Fig. 2 shows a P-frame being predicted from a previously

encoded I or P-frame (reference frame). Fig. 3 shows a B-frame being predicted from both a

previous reference (I or P) frame, and a future reference (I or P) frame in both backward and

forward directions, respectively. The predictive coding process of inter-coded frames

typically involves producing or generating motion vectors. Motion estimation involves

searching for a macroblock (e.g., a 16x16 block of pixels) in the reference frame that best

matches the current block in the current frame. The residual energy that reflects the

difference between the blocks is then quantized and entropy-coded. The displacement

between the two blocks is represented by a motion vector (MV). The difference between this

MV and that of a predicted block is then coded and transmitted as part of the compressed

video stream.

[1026] Video Compression Standards

[1027] MPEG-I and MPEG-2 are Emmy Award winning standards that made interactive

video on CD-ROM and Digital Television possible. The MPEG-I standard was originally

used for digital storage media such as video compact discs (CD) and supports interactivity

such as fast forward, fast reverse and random access into stored bitstreams. The MPEG-2

standard, on the other hand, is the format typically used for DVD and HDTV and for

broadcast applications. The MPEG-2 standard includes multiplexing schemes for carrying

multiple programs in a single stream, as well as mechanisms that offer robustness when



delivering compressed video and audio over error prone channels such as coaxial cable

television networks and satellite transponders, for example. The MPEG-4 standard was

originally developed for low bit-rate video communications devices and provides higher

compression than its predecessors. The MPEG-4 standard later evolved to include means

for coding arbitrarily shaped natural and synthetic objects characterized by shape, texture

and motion, in addition to frame-based video. The standard also enables interactivity,

managing and synchronizing of multiple objects in a multimedia presentation.

[1028] One of the latest compression standards is H.264, which is jointly developed by

the International Telecommunications Union (ITU) Video Coding Expert Group (VCEG)

and ISO/IEC MPEG to address increasing needs for higher compression. Built on the

concepts of earlier standards such as MPEG-2 and MPEG-4 Visual, the H.264 standard

offers significant improvements in video quality and is currently the standard of choice for

the video format for Blu-Ray disc, HDTV services, and mobile applications, for example.

The H.264 standard is capable of delivering the same high-quality video with savings of

between 25% and 50% on bandwidth and storage requirements compared to its predecessors.

Some of the enhanced encoding features of the H.264 standard include techniques for

reducing artifacts that may appear around the boundary of the macroblocks (i.e., reduce

"blockiness"), adaptive decomposition of the block into various smaller block sizes for

regions with finer spatial details, sampling at less than one integer pixel for higher accuracy,

use of integer transform, and improved VLC techniques that may use a fractional number

(instead of a series of bits) to represent the data symbol. The VLC techniques are typically

based on context information (i.e., prior knowledge of how the previous pixels or symbols

were encoded).

[1029] Video Analytics

[1030] Video analytics, also known as Video Content Analysis (VCA) or intelligent

video, refers to the extraction of meaningful and relevant information from digital video.

Video analytics builds upon research in computer vision, pattern analysis and machine

intelligence. For example, video analytics uses computer vision algorithms that allow a

system to perceive (e.g., "see") information associated with the video, and then uses

machine intelligence to interpret, learn, and/or draw inferences from the information

perceived. One aspect of video analytics is scene understanding, that is, understand the

context around an object in the video. Other aspects of video analytics include the detection



of motion and tracking an object through the scene. For example, smart cameras that

include or provide video analytics can be used to detect the presence of people and detect

suspicious activities such as loitering or motion into an unauthorized area.

[1031] Fig. 4 is a block diagram illustrating a video analytics processing pipeline,

according to an embodiment. The video analytics processing pipeline consists of a chain of

processing blocks or modules including segmentation, classification, tracking, and activity

recognition. Each module can be software-based, or software-based and hardware-based. It

is desirable for the video analytics processing pipeline to detect changes that occur over

successive frames of video, qualify these changes in each frame, correlate qualified changes

over multiple frames, and interpret these correlated changes.

[1032] The segmentation module is configured to identify foreground blobs (i.e.,

associated pixel clusters) using one of multiple segmentation techniques. A segmentation

technique can use a background subtraction operation to subtract a current frame from a

background model. The background model is initialized and then updated over time, and is

used by the background subtraction operation to detect changes and identify foreground

pixels. In one embodiment, the background model can be constructed using a first frame or

the mean image over N frames. In one embodiment, a terrain map can be used to separate

the foreground from the background in a frame. An example of using a terrain map is

described in U.S. Patent No. 6,940,998, entitled "System for Automated Screening of

Security Cameras," which is hereby incorporated herein by reference in its entirety. To

produce an accurate background model, it is desirable to account for changes in illumination

and/or changes that result from foreground blobs becoming part of the background. The

background model adapts to these changes and continues to update the background.

[1033] Fig. 5 illustrates the use of difference image thresholding to obtain foreground

pixels, according to an embodiment. A low threshold value can allow smaller changes to be

qualified as foreground pixels, resulting in clutter because of sensor noise, moving foliage,

rain or snow, illumination changes, shadows, glare, and reflections, for example. Simple

motion detection does not adequately remove clutter and will cause false detections. A high

threshold value can result in holes and gaps that can be filled using a morphological filter.

The threshold value and the frequency at which the background is updated can impact the

results of the segmentation technique. Other embodiments may use adaptive thresholding or

gain control, and can be configured such that, for example, the gain is controlled by area of



the image. An example of area-based gain control is described in U.S. Patent No. 7,218,756,

entitled "Video Analysis Using Segmentation Gain by Area," which is hereby incorporated

herein by reference in its entirety.

[1034] During segmentation, each connected blob is uniquely labeled to produce

foreground blobs. Blob labeling can be done by recursively visiting all foreground

neighbors of a foreground pixel and labeling them until no unvisited neighbor is available.

Such segmentation yields fine pixel-level separation between foreground and background as

opposed to techniques that use macro-block level motion estimation for this purpose.

[1035] Once the image is segmented, the blobs are classified by, for example, assigning a

category to each foreground blob. Classification uses image features to discriminate one

class from another. For example, classification produces the likelihood of an object

belonging to a certain given class. Binary classifiers are used to separate object blobs into

one of two classes (e.g., object is a person or a non-person). Multi-class classifiers separate

object blobs into one of multiple classes (e.g., object is a person, a vehicle, or an animal).

[1036] Fig. 6 illustrates a classifier discriminating between a person and a car, according

to an embodiment. A simple classifier that separates persons from vehicles can be

constructed by, for example, examining the aspect ratio of the segmented blob. People tend

to be taller than wide, while cars are wider than tall. Other features that can be useful for

classification are histograms and outlines. Fig. 6 shows two foreground blobs, one classified

as a person and the other classified as a car. Other embodiments can use machine learning to

classify a test blob after being trained by using positive and negative blob examples.

[1037] Classified objects can be tracked across multiple video frames by establishing a

correspondence or association between objects (e.g., blobs) in different video frames. These

correspondences can be used for scene interpretation and for behavior or activity

recognition. Because an object may change its pose or orientation with respect to the

camera, that object may look different over multiple frames. Furthermore, people moving in

a scene exhibit articulated motion, which can substantially change the shape of the blob.

During tracking it is desirable to be able to identify invariant features or situations when

objects occlude each other. For example, it is desirable to handle a situation wherein a

person walks behind a tree and re-appears or when the parts of an articulated object occlude

one another, such as when swinging arms occlude the torso of a walking person.



[1038] Once foreground objects have been segmented, classified, and/or tracked, their

motion and behavior can be analyzed and described. Examples of activities in which such

analysis and description can be performed include a loitering person, a fallen person or a

slow-moving vehicle. In addition, body parts can also be analyzed to provide information

on human activities such as jumping, crouching, reaching, and bending, for example.

Gesture recognition techniques can also be used to identify activities such as grasping,

pointing and waving.

[1039] In some embodiments, surveillance images are encoded for transmission or

storage by leveraging the intermediate outputs of video analytics (e.g., outputs from

segmentation, classification, tacking, and/or activity recognition) to achieve better coding

efficiency. In traditional coding methods, the encoding parameters are typically fixed over

an entire frame or over an entire sequence of frames. One aspect of the video compression

described herein is to use the intermediate outputs of the video analytics processing pipeline

described above with respect to Fig. 4 to produce analytics-modulated coding, also called

scene-adaptive video coding. For example, a region-of-interest (ROI) can be identified and

one or more encoding parameters, including the QP values, can be varied, adjusted, or

modified during the coding process to adapt the coding process based on the content of the

surveillance scene. Such adaptation can be based on changes that occur when, for example,

an object (or different types of objects) enters or leaves a scene, or when the brightness,

spatial, and/or temporal activity associated with an object changes. Scene semantics based

on activity recognition can also be used to adapt the coding process. For example, activity

recognition in surveillance video can detect a loitering person. The series of frames

corresponding to the loitering activity can be coded at a higher fidelity compared to other

frames. Analytics-modulated coding differs, at least in part, from other schemes that update

the frame-rate, resolution, or overall compression bit rate (which applies to the whole frame)

by applying finer level control at each aspect of the coding process, at a much higher spatial

and temporal granularity. This approach provides greater compression at the same quality

level, and does not cause objectionable jumps in the frame that may result from a sudden

change in full-frame resolution and/or quality.

[1040] While the current MPEG-4 standard handles a video sequence as a composition of

one or more objects of arbitrary shape (e.g., ROI), the shape information, in addition to the

image data, are encoded and transmitted as part of the video stream. Such an approach can



result in added computational burden and can require more memory and bandwidth

resources. The H.264 standard offers better compression than the MPEG-4 standard.

However, one functionality that is absent in the H.264/Advanced Video Coding (AVC)

standard is the ability to code arbitrary shaped objects. Some recent work done in this area

has resulted in progress in incorporating shape-coding functionality in the H.264/AVC

standard. For example, certain proposed techniques encode the shape information and use a

non-standard-based player/decoder, while other proposed techniques support certain profiles

of the H.264/AVC standard, or limit the use of specific frame types or encoding parameters.

None of this recent work, however, fully exploits the use of other encoding parameters

and/or the outputs produced by the video analytics modules such as object class, track

history and activity recognition

[1041] In some embodiments, several video analytics modules including segmentation,

classification, and tracking, for example, are used for scene-adaptive video coding. Based on

analytics output, the encoding parameters can be varied during the coding process to adapt to

the content of the scene. When coding ROIs the shape information of each ROI need not be

coded and the coding operation need not be limited to specific profiles. Furthermore, the

analytics-modulated coding approach described herein produces an encoded video stream

decodable by players that do not support shape-based coding.

[1042] Fig. 7 is a system block diagram of video analytics and coding modules used in

scene-adaptive video coding, according to an embodiment. A foreground alpha mask

generated by the segmentation module is used to identify regions of interest (ROI) for

region-based coding, as well as to adjust encoding parameters in the coding modules such as

the Group-of-Pictures (GOP) size and/or the QP. The GOP is a group of successive video

frames and defines the arrangement or organization of the I, P, and/or B-frames. The GOP

includes an I-frame, followed by a series of P and/or B-frames. The GOP size is the number

of frames between two I-frames. The QP is a parameter used in the quantization process and

is associated with the amount of compression. The value of the QP influences the perceived

quality of the compressed images.

[1043] The segmented objects are classified as assigned to or belonging to 1 of N classes

of objects through the classification process. Weights are assigned to each of the classes to

define relative priorities among the classes. These weights determine the relative priorities

for bit allocation. For example, blobs belonging to one class (e.g., person class), using a



greater fraction of the bit budget compared to blobs belonging to another class (e.g., trees

class). In some embodiments, two or more classes may have the same weights. In other

embodiments, each of the classes may have a unique weight. The classified objects are

tracked over multiple frames by establishing a correspondence or association between blobs

in the frames. The tracking module produces motion information that can be utilized to

determine a suitable motion vector search range. The motion vector search range determines

a search window during the Motion Estimation and Compensation (ME/MC) process. The

search window is used to search for a group or block of pixels (e.g., a macroblock) in the

reference frame that best matches a group or block of pixels being considered in the current

frame during the ME/MC process. In this manner, temporal redundancies are used such that,

in some instances, only the difference between consecutive frames is encoded.

[1044] Region-Based Coding by Varying QP

[1045] Fig. 8 is a system block diagram of region-based coding by varying QP, according

to an embodiment. The video compression process involves first transforming the image

from spatial to frequency domain, employing a transformation such as a DCT or integer

transform. The transformed coefficients are then quantized based on the QP, and entropy

coded to produce the compressed 2-D signals. As described above, quantization is the

process of mapping a range of input values to a smaller range of output values and is the

lossy compression part of video coding. The value of the QP is used to specify the extent of

compression that is desired. For example, a larger QP value uses fewer bits to code,

resulting in more compression and reduced image quality. In another example, a smaller QP

value can produce better quality images at lower compression. The alpha mask serves as

input to a module to compute and derive the coordinates for overlays, which are geometric

shapes used for bounding the detected targets. These overlays are often useful in

surveillance video to draw attention to objects or activities of interest. The alpha mask is

used to distinguish foreground objects from background objects. A higher QP value can

then be used to encode the background object while a lower QP value can be used to encode

the foreground object in such a way that the overall bitrate is reduced without compromising

quality. Such analytics-modulated coding (AMC) is applicable, in general, to any standard

that is based on block-based video coding scheme, including the H.264 standard where

integer and Hadamard transforms are used. As previously discussed, DCT is the



fundamental transformation utilized in most video coding standards such as the MPEG and

H.26x standards.

[1046] Tables 1-4 present experimental results associated with Fig. 13. These results

were obtained by encoding several 2-hr long video clips using different combinations of QP

values for foreground objects and background objects. The video clips (a frame of each is

shown in Fig. 13) contain both indoor and outdoor surveillance scenes with different levels

of motion activity. A Joint Model (JM) codec is used as a baseline for comparison. JM is

the reference software implementation of the H.264 codec adopted by the Joint Video Team

(JVT) of the International Organization for Standardization/International Electrotechnical

Commission (ISO/IEC) Motion Picture Experts Group (MPEG) and the International

Telecommunication Union (ITU-T) Video Coding Experts Group (VCEG) standards

committees.

[1047] The tables illustrate the bit rate and the Structural Similarity Index (SSIM) for JM

and AMC-encoded video using various sets of QP values ranging from 24 to 31, as well as

the percentage bit rate savings. SSIM values are used instead of Peak Signal-to-Noise Ratio

(PSNR) values because SSIM better correlates to subjective quality. In Table 1, video (the

lobby scene in Fig. 13) is encoded using JM with a QP value of 24. The resulting bitrate is

111.72 kbps and the corresponding SSIM value is 0.98. The same video is encoded using

AMC with a higher QP value for the background and a lower QP value for the foreground.

As shown in Table 1, the video is encoded using AMC with QP values of 24 for the

foreground and 25 for the background to derive the same SSIM value (0.98) as the JM

encoded video with a QP value of 24. The resulting bitrate is 91.61 kbps, giving a bitrate

savings of 18% when AMC is used instead of JM. Tables 2-4 illustrate the results for the

other scenes shown in Fig. 13. The highest bitrate savings is achieved when video encoded

using AMC with a foreground QP value of 28 and a background QP value of 29 (see e.g.,

Table 1) or a foreground QP value of 27 and a background QP value of 29 (see e.g., Table 2)

is compared to video encoded using JM with a QP value of 28. Using these QP values,

Region-based Coding by Varying QP provides performance/compression gains between

13% and 26.5% for the scenes shown in Fig. 13.



Table 4: Trailer

[1048] Region-Based Coding Incorporating Rate Control (RC)

[1049] Fig. 9 is a block diagram of a system using region-based coding incorporating rate

control (RC), according to an embodiment. The RC process of video encoding involves

adjusting the QP value to meet a target or predetermined bit rate. The RC module can be

composed of a high-level RC (HLRC) component and a low-level RC (LLRC) component.

At the HLRC, a bit budget is computed for each frame, given the target bitrate. This frame



bit budget serves as input to the LLRC where a bit budget is then computed for each

macroblock (MB bit budget), taking into consideration several features from a number of

external modules. The corresponding quantization parameter, QP, is then derived from the

Rate-Quantization (RQ) model and used by the quantization module for video compression.

[1050] At the HLRC, target bit allocation for each frame can be dependent on the number

of remaining frames in the GOP, number of remaining bits available for the GOP as well as

scene complexity. Scene complexity can be expressed as a function of the number, the size

and the type of objects in the scene. These three quantities can be derived from the analytics

module. According to an embodiment, the mathematical formulations for calculating frame

budget at the HLRC, while incorporating analytics are as follows:

T = (Rt -YR
((N-i +l)X,) +c{ j-l J

j

where

, =∑ Λ , F A' } (2)

and

1
a = — , b =

~S ~ ' * (3)

For a GOP with N frames, the bit budget for frame i, T-, is computed by taking a proportion
D

of bits remaining in the GOP as shown in equation (1). 'refers to the total bit budget

whereas J=1 gives total bits used to encode frame 1 up to the previous frame i-1 and c is a

constant. The proportion is based on complexity, , due to multiple features. For example,

2 features are used in equations (2) and (3): normalized size of objects, a ' , and normalized

number of objects, , in the scene. is the weight associated with ' which denotes

feature k of frame i . In equation (3), g i refers to the size of object g (in pixels) in frame i ;

m ' is the number of objects in frame i, while S and M are the total number of pixels in the
video frame and the expected maximum number of objects respectively.

Substituting (2) into (1) gives:



And finally:

1 i_final - I l n i V I ) 1 I t \

Where

TB = - Ap
N (6)

The final target bit budget,
T' βnal , is allocated for each frame as shown in equation (5).

T TR_fi nal
s 1 w e ighted sum of the bit budget computed based on buffer occupancy, , and

the bit budget predicted based on complexity as derived from equation (4), . indicates

how much to weight each component ( and ) of the sum. There are numerous known

techniques to compute buffer occupancy. In some embodiments, for example, can be

derived by subtracting delta bits, P, from bits per frame, , as shown in equation (6).

[1051] At the LLRC, target bit allocation for each macroblock can be computed as a

fraction of bit budget for the frame that includes the macroblock. The bit allocation for the

macroblock can be dependent on the macroblock complexity. Analytics can be used to

calculate the macroblock complexity using the segmentation and/or classification results, in

addition to the Human Visual System (HVS) factors. The mathematical formulation is

shown below:

(7)

x \

C
1 = ( - U
J V » S (9)



e =4 S
(H)

if foreground MB
= J J g = ; if background MB (12)

[1052] The bit budget for each macroblock, rJ. , can be derived as a fraction of frame bit

T xbudget, ' fi nal based on the macroblock complexity, J , as shown in equation (7) where

P is the total number of macroblocks in each frame. J is expressed as a weighted linear

f f c d h \
combination of features kj , where kj J ' J ' J ' J and kj are weights associated

with each of these features (equation (8)). These features include HVS factors such as

brightness, spatial activities and temporal activities, denoted as normalized quantities J ,

1and J respectively (equations (9) - ( 11)). Using J , analytics are incorporated into the

calculation of the macroblock complexity. , in equation (12), indicates whether the

macroblock belongs to the foreground or background object and is derived based on the

segmentation module shown in Fig. 9 . According to an embodiment, the pixel boundary of

the foreground object is divided by the size of the macroblock and rounded down to the

nearest integer for mapping to a macroblock unit. Each macroblock has a width and height

of 16 pixels. The classification module in Fig. 9 is used to compute the normalized weight

for each object class, J (. / w ere is the number of object classes. For example,

a larger weight can be assigned to a PERSON object and a smaller weight can be assigned to

a CAR/VEHICLE object and/or other objects in an application used to detect target persons

in the scene. This directly incorporates weights based on object class into the rate control

technique used for compression.

[1053] A corresponding normalized quantity can be computed by multiplication with a

_ Q *s
normalization constant, e.g., normalized spatial activity J m J , where the

normalization constant is determined by the following expression:

J=1 (13)



[1054] Because the human eye is less sensitive to distortion in regions that are bright, in

regions that include many spatial details, or in regions where there is motion, fewer bits are

allocated to these regions so that more bits are available to code the foreground region. The

HVS factors are typically produced from a first pass encoding of the video image using a

low complexity encoder as shown in Fig. 9 . The HVS factors can be derived from analytics

and incorporated during encoding an image during the first single pass through the image

(e.g., a single scan of the pixel values). These factors can be obtained from the gradient

information. For example, the gradient information can be obtained from a degree of slope

parameter and a direction of slope parameter as described in U.S. Patent No. 6,940,998,

entitled "System for Automated Screening of Security Cameras," which is hereby

incorporated herein by reference in its entirety.

[1055] The Rate-Quantization (RQ) model defines the relationship between the bitrate,

QP, and complexity. The mathematical formulation is shown below:

r =K, * - +K *- X

QP QP 1
(14)

Y XThe bit budget for macroblock j , j , and the macroblock complexity, j , are derived from

equation (7) and equation (8) respectively. Kl and K2 are model parameters. In contrast to

schemes that use a Mean Absolute Difference (MAD) between pixels in an original image

and pixels in a predicted image, in some embodiments, a combination of segmentation and

classification results from analytics can be used, as well as HVS factors to compute

macroblock complexity as shown in equations (8) - (12). From the RQ model, a QP value

for the macroblock can be derived and used in the quantization module for video

compression.

[1056] GOP Size and Structure: Adaptive I-Frame Placement

[1057] The GOP is a group of pictures within an MPEG-coded video stream. A GOP

structure determines the arrangement of I, P and/or B-frames. An I-frame contains I

macroblocks (MBs), each MB being intra-coded and can be based on prediction from

previously coded blocks within the same frame. An I-frame can be inserted whenever a

scene change occurs. In scene-adaptive video coding for surveillance applications, for

example, this can happen whenever an object enters or leaves the scene or when the scene



changes. In one embodiment, a scheme can be implemented to adaptively change the GOP

size and structure depending on the content and/or scene (i.e., content/scene-adaptive). A

maximum GOP size can also be specified such that an I-frame can be inserted when the

period of inactivity exceeds a certain predetermined duration or a predetermined criterion

(e.g., number of frames of inactivity). A minimum GOP size can be specified such that no

two I-frames are more than a certain duration apart. Thus, instead of having a fixed GOP

structure and size (e.g. IPPPIPPP. ..), the structure can adaptively change based on

recognition of activity in the scene and on the number and class of objects in the scene. This

allows placement of P-frames up to the moment that an object enters the scene, or an object

of a specific class enters the scene or a significant scene change is detected by the analytics.

[1058] Tables 5-7 describe results from experiments conducted on the surveillance scenes

shown in Fig. 13, with low and high activity, using a minimum GOP size of 60 or 250 and a

maximum GOP size of 60, 250, 1000 or 5000. Using a minimum GOP size of 250 and a

maximum GOP size of 1000, the bitrate savings varies from 10% to 19% depending on the

scene content. Using a minimum GOP size of 250 and a maximum GOP size of 5000, the

bitrate savings varies from 11% to 24% due to the larger maximum GOP size. Using a

minimum GOP size of 60, the performance gain is 39% to 52% using a maximum GOP size

of 1000, and 40% to 55% using a maximum GOP size of 5000. The bitrate savings is higher

for a scene with low activity since there are relatively fewer objects entering and leaving the

scene. This results in fewer I-frames.

Table 5: Entrance of building



Table 6: Trailer

Table 7: Scene with moving foliage and cars

[1059] As described above, segmented objects can be classified as being assigned to or

belonging to 1 of L object classes (e.g., person, animal, automobile, etc.) through the

classification process, and weights can be assigned to each of the object classes to establish

relative priorities among the object classes. When a scene includes multiple objects

belonging to different classes, the GOP size can be adapted or modified based on the class to

which the objects are assigned and on the weighted priorities of those classes.

[1060] Combining Region-based Coding by Varying QP and Adaptive I-frame Placement

[1061] Using Region-based Coding by Varying QP, a background region is coded at a

relatively higher QP value than a foreground object of interest (e.g., target person) in such a

way that fewer bits are allocated to the background than the foreground object. Since the

number of pixels of the foreground object is typically smaller than the background region,

this significantly reduces the total number of bits used to compress the frame without

significantly compromising quality. Using Adaptive I-frame Placement, a video frame is

encoded as an I-frame only when an object is detected entering or leaving the scene. Thus,



fewer I-frames are necessary when compressing the image. Using fewer I-frames reduces

the overall bitrate without degradation in quality.

[1062] Tables 8-10 illustrate results obtained by combining both Region-based Coding by

Varying QP and Adaptive I-frame Placement to achieve a greater reduction in bitrate when

compressing the scenes shown in Fig. 13. Tables 8-10 are similar to Tables 5-7 but include

an additional column indicating QP values and additional rows displaying results of video

encoded using different QP values for the foreground objects and background objects.

These results are highlighted in the tables. As shown, with a minimum GOP size of 250, a

maximum GOP size of 5000, and using foreground and background QP values of (28, 29),

the reduction in bitrate is between 32% and 42%, depending on the content of the scene.

With a minimum GOP size of 60, a maximum GOP size of 5000, and using foreground and

background QP values of (28, 29), the bitrate savings is between 54% to 67%.

Table 8: Entrance of building

Table 9: Trailer



Table 10: Scene with moving foliage and cars

[1063] GOP Structure: Adaptive B-frame Placement (Main, Extended and High Profiles)

[1064] A B-frame provides higher compression at the expense of greater visual distortion

(i.e., lower visual quality). In high-motion scenes, B-frames typically result in noticeably

poorer video quality. An adaptive B-frame placement algorithm can be used to vary the

number of B-frames. For example, the placement of B-frames can change from a high-

motion scene (e.g. ESPN sports program) to a low-motion scene (e.g., a news program). In

another example, the placement of B-frames can change from a low-motion scene to a high-

motion scene. Motion information from the tracking module can be used to indicate the

level of motion in the scene. In low-motion scenes, for example, B-frames can be included

into the GOP structure to benefit from greater bit savings while maintaining reasonably good

quality, while for high-motion scenes, the number of B-frames can be reduced or omitted.

[1065] I/P/Skipped Mode Decision based on Video Analytics Results

[1066] In some embodiments, a P-frame can include intra-coded (I) macroblocks (MBs),

predictive-coded (P) MBs, bidirectionally-predictive-coded (B) MBs or skipped MBs. I

MBs contain full frame information for an MB that is independent of other frames, while P

or B MBs, represent or are associated with image differences of an MB across frames. A

skipped MB contains no information about the MB. As such, if an MB is coded in a frame

as a skipped MB, the MB in the frame will be identical to the MB in the previous frame.

Note that in the H.264 standard, an I MB can be spatially predicted using intra-prediction

from previously encoded blocks within the same frame.



[1067] In some embodiments, for example, when an object enters/leaves the scene,

instead of coding the entire frame as an I-frame, the picture can be coded as a P-frame with

MBs corresponding to the foreground object coded as one or more I MBs. MBs can be

encoded as I, P or skipped MBs at regions having substantial changes, minor changes or no

changes, respectively. The amount of change can be determined using analytics. When an

object enters or leaves a scene, the background likely includes little or no change.

Accordingly, in some embodiments, the frame can be encoded as a P-frame instead of an I-

frame. Further, MBs in the regions of the background with little or no changes can be

encoded as P MBs or skipped MBs, while MBs of a foreground object can be encoded as I

MBs. This can reduce the overall bitrate while maintaining the segmented object at a higher

visual quality than the background.

[1068] In some embodiments, motion information from the tracking module can be used

to determine if a background MB should be coded as a P MB or a skipped MB. For

example, the MBs corresponding to a background region having moving foliage (such as

wavering trees) can be coded as P MBs while the MBs corresponding to a static background

region can be coded as skipped MBs. In some embodiments, the foreground MBs can be

coded as I MBs when a scene change occurs in a frame. For example, the foreground MBs

can be coded as I MBs when an object is detected entering or leaving the scene.

[1069] In some embodiments, whether to use I MBs, P MBs or skipped MBs can be

determined using the Mean Absolute Difference (MAD) between pixels in an original image

and pixels in a predicted image. The MAD can be compared against a threshold to

determine if the MB should be an I MB or a P MB. Such an approach, however, includes a

high computation complexity due to the need to compute the MAD. Furthermore, the

chosen threshold may not guarantee that all MBs of the foreground object will be coded as I

MBs.

[1070] In other embodiments, segmentation and classification output can be used to

directly perform the I/P/skipped mode selection. Encoding the MBs corresponding to the

static background regions as skipped MBs reduces the overall bitrate without quality

degradation. In one embodiment, for example, the segmented background MBs can be

encoded as skipped MBs except where the tracking module identifies significant motion in

the MB. Such motion may be due to, for example, foliage or water, which is a real change,

but not a classified foreground object. Foliage background MBs can be coded as P MBs



while fully static background MBs can be coded as skipped MBs. In another embodiment,

the class of foreground object type (e.g., person, animal, automobile, etc.) can be used to

determine the encoding mode. MBs that are part of the foreground and classified as a

Person might be encoded as I MBs while foreground MBs that are classified as Animals may

be encoded as P MBs. This increases the compression efficiency and the compression gain

for Standard-Definition (SD) video. The gain is higher for High-Definition (HD) video. In

such embodiments, the region/object properties from the analytics modules can be used

instead of block-based local statistics. The region and/or object properties reflect the

semantics of the video better than the block-based local statistics. In such a manner, MAD

computation and thresholding can be avoided, resulting in lower computational overhead

and higher accuracy.

[1071] Modify M VSearch Range with Constraints Bounded by Selected Profile

[1072] Inter frames, whether B-frames or P-frames, are predicted from reference frames.

In motion estimation, a search area is defined and a motion estimation algorithm is used to

find a prediction block that best matches the current block to produce a motion-compensated

prediction (MCP) block, which is then transformed, quantized and entropy coded. The

vertical and horizontal displacements between the prediction and current block are coded as

motion vectors (MVs), which can themselves be predictively coded as well.

[1073] The motion estimation search area is typically determined by the MV search

range. The vertical MV search range is bounded by the different types of profiles and levels

in the H.264 standard. Most of the computational complexity of a video encoder typically

occurs in the motion estimation. A large search area can result in high computational

complexity while a small range can restrict or reduce the inter-frame prediction accuracy. In

some embodiments, the scene-adaptive video coding includes methods to find an adequate

search range with a good trade-off in accuracy and complexity. For example, the motion

information or data from the tracking module in the video analytics processing pipeline

could be used to select an MV range. The tracking module provides the motion trajectory

for a foreground blob. This trajectory can be used to select the motion vector search range

for all the macrob locks corresponding to the foreground blob. This approach saves

computation because the same motion estimate can be re-used for all macroblocks

corresponding to that blob. Further motion vectors (MV) are predicted for foreground blobs



that have been classified as rigid objects such as cars because all macrob locks corresponding

to the car typically move together.

[1074] Figs. 10A- 1OB illustrate different approaches to determine a motion vector search

range, according to embodiments. The approach described in Fig. 1OA includes tracking the

centroid of a matched pair of blocks across consecutive frames. The centroids of the

matched pair of blocks are compared to determine the range. The approach described in Fig.

1OB includes considering the neighborhood pixels of the centroid. An NxN window is

centered on the centroid and the displacements over the blocks (e.g., macroblocks) in the

window are aggregated.

[1075] Using Classification Results

[1076] The MV search range can be scaled based on the weighted priorities of the object

classes. As described above, most of the computational complexity of a video encoder

occurs in the motion estimation. A large search area results in high computational

complexity while a small range restricts or reduces the inter-frame prediction accuracy. The

size of the search area can be scaled based on the weight associated with the class assigned

to an object such that a higher-priority object is associated with a larger search range.

Alternately, a different set of search ranges can be used for objects corresponding to

different classes. For instance, cars move more rapidly compared to people hence blobs

corresponding to cars would have a larger search range. For a scene consisting of a number

of objects belonging to different classes, the average of the motion information of objects

belonging to the same class is first determined. The weighted average of the aggregated

motion information of different classes is then used to determine a final search range.

Alternatively, the final search range can be based on the aggregate motion information of

objects belonging to the class having the maximum weight. Moreover, the final search

range can be based on a dominant MV determined from a MV histogram.

[1077] The search range can be updated on a frame-by-frame basis, over a window size,

or over a GOP, for example. The search range can be updated less frequently, i.e., over a

larger window size for lower-priority objects or for slow moving objects. Based on the

motion history, when objects exhibit consistent motion pattern, the search range is unlikely

to change from frame to frame.



[1078] For objects classified as persons, a better estimation of an appropriate search

range is to consider the blocks of pixels (e.g. macroblocks) at the lower half section of the

person where there is more temporal activity (e.g., moving legs). Objects of higher priority

can be coded with higher fidelity than others by assigning a QP value based on the weights

of the object classes. The weights of these object classes, in addition to the HVS factors, can

be incorporated into the RC process to modify the QP values as described above.

[1079] Figs. 1IA-I IE illustrate analytics-modulated coding of video images, according to

other embodiments. Table 11, below, describes preliminary results associated with Figs.

1IA-I IE.

Filename of raw sequence : foreman-part-qcif.yuv
Resolution: 176 x 144
Frame rate: 30fps
Encoded video: H.264 Baseline Profile
Slice group map type: 2
Slice group config file: sg2conf.cfg

Table 11

[1080] Figs. 12A-12C illustrate analytics-modulated coding of video images, according

to other embodiments. Table 12, below, describes preliminary results associated with Figs.

12A-12C.



Table 12

[1081] In one embodiment, a method includes assigning a class from multiple classes to

a foreground object from a video frame. The foreground object has multiple pixels. Each

class from among the multiple classes has associated therewith a quantization parameter

value. Multiple discrete cosine transform (DCT) coefficients are produced for pixels from

the multiple pixels of the video frame associated with the foreground object. The DCT

coefficients associated with the foreground object are quantized based on the quantization

parameter value associated with the class assigned to the foreground object. The method

further includes coding the quantized DCT coefficients associated with the foreground

object.

[1082] The foreground object can be a first foreground object, the class assigned to the

foreground object can be a first class, and the quantization parameter value associated with

the first class can be a first quantization parameter value. A second class from among

multiple classes can be assigned to a second foreground object from the video frame, the

second class being different from the first class. Multiple DCT coefficients can be produced

for pixels from the multiple pixels of the video frame associated with the second foreground



object. The multiple DCT coefficients associated with the second foreground object can be

quantized based on the quantization parameter value associated with the second class

assigned to the second foreground object. The method further includes coding the quantized

DCT coefficients associated with the second foreground object.

[1083] The video frame can include a background portion. Multiple DCT coefficients

can be produced for pixels from the multiple pixels of the video frame associated with the

background portion of the video frame. The multiple DCT coefficients associated with the

background portion of the video frame can be quantized based on a quantization parameter

value greater than the quantization parameter associated with each class from among the

multiple classes. The method further includes coding the quantized DCT coefficients

associated with the background portion of the video frame.

[1084] The class assigned to the foreground object can be a first class. The multiple

classes can include a second class that is different from the first class. The first class can

have an associated coding priority and an associated quantization parameter value. The

second class can have an associated coding priority and an associated quantization parameter

value. The quantization parameter value associated with the first class can be less than the

quantization parameter value associated with the second class when the coding priority

associated with the first class is greater than the coding priority associated with the second

class.

[1085] The multiple pixels of the video frame can be organized into multiple blocks of

pixels. Multiple DCT coefficients can be produced for each block of pixels from the

multiple blocks of pixels of the video frame associated with the foreground object. The

multiple DCT coefficients of each block of pixels associated with the foreground object can

be quantized based on the quantization parameter value associated with the class assigned to

the foreground object. The method further includes coding the quantized DCT coefficients

associated with the foreground object.

[1086] The foreground object includes at least one block of pixels from multiple blocks

of pixels of the video frame. The least one block of pixels associated with the foreground

object can define a contour associated with the foreground object.

[1087] In another embodiment, a method includes assigning a class from among multiple

classes to a foreground object from a video frame having multiple pixels. A quantization



parameter value associated with the foreground object is derived based on at least one of a

target bit rate, the number and size of objects in the scene and a weight associated with the

class assigned to the foreground object, wherein the weight is based on a coding priority

associated with the class assigned to the foreground object. The adjustment can include

scaling the quantization parameter value associated with the foreground object based on at

least one of the target bit rate, the number and size of objects in the scene and the weight

associated with the class assigned to the foreground object. Multiple DCT coefficients are

produced for pixels from the plurality of pixels of the video frame associated with the

foreground object. The DCT coefficients associated with the foreground object are

quantized based on the computed quantization parameter value. The method further

includes coding the quantized DCT coefficients associated with the foreground object.

[1088] The method can include coding the video frame via two pass encoding. A first

pass operation can be performed using a low-complexity encoder to produce statistics (e.g.,

brightness, spatial and temporal frequencies) in order to take into account the characteristics

of the Human Visual System (HVS). In addition to these HVS factors, the quantization

parameter value associated with the foreground object can be derived based on the target bit

rate, the number and size of objects in the scene and the weight associated with the class

assigned to the foreground object. In other embodiments, the method can include generating

gradient information associated with the video frame via a single pass through the video

frame and deriving a Human Visual System (HVS) factor associated with the video frame

using the gradient information. In such embodiments, the quantization parameter value

associated with the foreground object can be computed and/or adjusted based on at least one

of the target bit rate, the weight associated with the class assigned to the foreground object,

and the Human Visual System factor.

[1089] The foreground object can be a first foreground object, the class assigned to the

foreground object can be a first class, the weight associated with the first class can be a first

weight, and the quantization parameter value associated with the first foreground object can

be a first quantization parameter value. A second class from among the multiple classes can

be assigned to a second foreground object from the video frame. The second class can be

different from the first class. A second quantization parameter value associated with the

second foreground object can be derived based on at least one of a target bit rate, the number

and size of objects in the scene and a second weight associated with the second class



assigned to the second foreground object. The second quantization parameter value can be

different from the first quantization parameter value and the second weight can be different

from the first weight. Multiple DCT coefficients can be produced for pixels from the

multiple pixels of the video frame associated with the second foreground object. The DCT

coefficients associated with the second foreground object can be quantized based on the

adjusted second quantization parameter value. The method further includes coding the

quantized DCT coefficients associated with the second foreground object.

[1090] In yet another embodiment, a method includes assigning a class from multiple

classes to a foreground object from a first video frame having multiple blocks of pixels. The

foreground object includes a block of pixels from the multiple blocks of pixels of the first

video frame. Each class from among the multiple classes has associated therewith a coding

priority. The method further includes identifying in a second video frame with multiple

blocks of pixels a prediction block of pixels associated with the block of pixels in the

foreground object. The identification is based on a prediction search window that has a

search area associated with the coding priority of the class assigned to the foreground object.

The method also includes coding the first video frame based on the identified prediction

block of pixels.

[1091] The search area of the prediction search window can be updated according to

tracked motion information associated with the foreground object over multiple video

frames including the first video frame. The search area of the prediction search window can

be adjusted based on moving portions of the foreground object.

[1092] The class assigned to the foreground object can be a first class. The multiple

classes include a second class different from the first class. The first class can have an

associated coding priority and an associated prediction search window. The second class

can have an associated coding priority and an associated prediction search window. A

search area of the prediction search window associated with the first class can be smaller

than a search area of the prediction search window associated with the second class when the

coding priority associated with the first class is lower than the coding priority associated

with the second class.

[1093] In another embodiment, a method includes tracking motion information associated

with a foreground object in a first video frame having multiple blocks of pixels. The



foreground object includes a block of pixels from the multiple blocks of pixels of the first

video frame. The method further includes identifying in a second video frame having

multiple blocks of pixels a prediction block of pixels associated with the block of pixels in

the foreground object. The identifying can be based on a prediction search window having a

search area associated with the tracked motion information associated with the foreground

object. The method also includes coding the first video frame based on the identified

prediction block of pixels.

[1094] A class from multiple classes can be assigned to the foreground object. Each class

from among the multiple classes has associated therewith a coding priority. The search area

of the prediction search window can be updated according to the coding priority associated

with the class assigned to the foreground object.

[1095] In yet another embodiment, a method includes assigning a class from multiple

classes to a foreground object from a picture in a group of pictures (GOP). Each class from

among the multiple classes has associated therewith a coding priority. The method further

includes tracking motion information associated with the foreground object over multiple

pictures. The method also includes inserting an intra-frame picture in the GOP based on at

least one of the tracked motion information associated with the foreground object and the

coding priority associated with the class assigned to the foreground object.

[1096] A structure associated with the GOP can be modified based on segmentation

results associated with the foreground object and with the coding priority associated with the

class assigned to the foreground object. A number of pictures associated with the GOP can

be modified based on segmentation results and tracked motion information associated with

the foreground object as well as based on the coding priority associated with the class

assigned to the foreground object.

[1097] In another embodiment, a method includes assigning a class from multiple classes

to a foreground object from a picture in a GOP. Each class from among the multiple classes

has associated therewith a coding priority. The method further includes tracking motion

information associated with the foreground object over multiple pictures. The method also

includes selectively replacing a block of pixels in the foreground object with an intra-coded

block of pixels based on at least one of the tracked motion information associated with the



foreground object and the coding priority associated with the class assigned to the

foreground object.

[1098] In another embodiment, a method includes segmenting a foreground object from a

background of a picture in a group of pictures (GOP). Motion information associated with a

block of pixels of the foreground object, a first block of pixels of the background, and a

second block of pixels of the background is tracked. The block of pixels of the foreground

object is encoded as an intra-coded block of pixels based on the motion information

associated with the block of pixels of the foreground object. The first block of pixels of the

background is encoded as a predictive-coded block of pixels based on the motion

information associated with the first block of pixels of the background. The second block of

pixels of the background is encoded as a skipped block of pixels based on the motion

information associated with the second block of pixels of the background. In some

embodiments, the tracking of motion information can include detecting motion in the first

block of pixels of the background and detecting an absence of motion in the second block of

pixels of the background

Conclusion

[1099] While various embodiments have been described above, it should be understood

that they have been presented by way of example only, and not limitation. For example, the

scene-adaptive video encoding can include a subset of the intermediate outputs produced by

the video analytics processing pipeline.

[1100] Some embodiments include a processor and a related processor-readable medium

having instructions or computer code thereon for performing various processor-implemented

operations. Such processors can be implemented as hardware modules such as embedded

microprocessors, microprocessors as part of a computer system, Application-Specific

Integrated Circuits ("ASICs"), and Programmable Logic Devices ("PLDs"). Such processors

can also be implemented as one or more software modules in programming languages as

Java, C++, C, assembly, a hardware description language, or any other suitable

programming language.

[1101] A processor according to some embodiments includes media and computer code

(also can be referred to as code) specially designed and constructed for the specific purpose



or purposes. Examples of processor-readable media include, but are not limited to:

magnetic storage media such as hard disks, floppy disks, and magnetic tape; optical storage

media such as Compact Disc/Digital Video Discs ("CD/DVDs"), Compact Disc-Read Only

Memories ("CD-ROMs"), and holographic devices; magneto-optical storage media such as

optical disks, and read-only memory ("ROM") and random-access memory ("RAM")

devices. Examples of computer code include, but are not limited to, micro-code or micro

instructions, machine instructions, such as produced by a compiler, and files containing

higher-level instructions that are executed by a computer using an interpreter. For example,

an embodiment of the invention can be implemented using Java, C++, or other object

oriented programming language and development tools. Additional examples of computer

code include, but are not limited to, control signals, encrypted code, and compressed code.



What is claimed is:

1. A method, comprising:

assigning a class from a plurality of classes to a foreground object from a video frame

having a plurality of pixels, each class from among the plurality of classes having associated

therewith a quantization parameter value;

producing a plurality of discrete cosine transform (DCT) coefficients for pixels from

the plurality of pixels of the video frame associated with the foreground object;

quantizing the plurality of DCT coefficients associated with the foreground object

based on the quantization parameter value associated with the class assigned to the

foreground object; and

coding the quantized DCT coefficients associated with the foreground object.

2 . The method of claim 1, wherein the foreground object is a first foreground object, the

class assigned to the foreground object being a first class, the quantization parameter value

associated with the first class being a first quantization parameter value, the method further

comprising:

assigning a second class from among the plurality of classes to a second foreground

object from the video frame, the second class being different from the first class;

producing a plurality of DCT coefficients for pixels from the plurality of pixels of the

video frame associated with the second foreground object;

quantizing the plurality of DCT coefficients associated with the second foreground

object based on the quantization parameter value associated with the second class assigned to

the second foreground object; and

coding the quantized DCT coefficients associated with the second foreground object.

3 . The method of claim 1, wherein the video frame includes a background portion, the

method further comprising:

producing a plurality of DCT coefficients for pixels from the plurality of pixels of the

video frame associated with the background portion of the video frame;

quantizing the plurality of DCT coefficients associated with the background portion

of the video frame based on a quantization parameter value greater than the quantization

parameter associated with each class from among the plurality of classes; and



coding the quantized DCT coefficients associated with the background portion of the

video frame.

4 . The method of claim 1, wherein:

the class assigned to the foreground object is a first class, the plurality of classes

including a second class different from the first class,

the first class having an associated coding priority and an associated quantization

parameter value,

the second class having an associated coding priority and an associated quantization

parameter value,

the quantization parameter value associated with the first class being less than the

quantization parameter value associated with the second class when the coding priority

associated with the first class is greater than the coding priority associated with the second

class.

5 . The method of claim 1, wherein the plurality of pixels of the video frame are

organized into a plurality of blocks of pixels, the method further comprising:

producing a plurality of DCT coefficients for each block of pixels from the plurality

of blocks of pixels of the video frame associated with the foreground object;

quantizing the plurality of DCT coefficients of each block of pixels associated with

the foreground object based on the quantization parameter value associated with the class

assigned to the foreground object; and

coding the quantized DCT coefficients associated with the foreground object.

6 . The method of claim 1, wherein:

the foreground object includes at least one block of pixels from a plurality of blocks

of pixels of the video frame, the at least one block of pixels associated with the foreground

object defining a contour associated with the foreground object.

7 . A method, comprising:

assigning a class from among a plurality of classes to a foreground object from a

video frame having a plurality of pixels;

adjusting a quantization parameter value associated with the foreground object based

on at least one of a target bit rate and a weight associated with the class assigned to the



foreground object, the weight being based on a coding priority associated with the class

assigned to the foreground object;

producing a plurality of DCT coefficients for pixels from the plurality of pixels of the

video frame associated with the foreground object;

quantizing the DCT coefficients associated with the foreground object based on the

adjusted quantization parameter value; and

coding the quantized DCT coefficients associated with the foreground object.

8. The method of claim 7, further comprising:

coding the video frame via a first-pass of a low-complexity coding operation;

adjusting a human visual system factor associated with the video frame based on the

coded video frame; and

adjusting the quantization parameter value associated with the foreground object

based on at least one of the target bit rate, the weight associated with the class assigned to the

foreground object, and the adjusted human visual system factor.

9 . The method of claim 7, wherein the foreground object is a first foreground object, the

class assigned to the foreground object being a first class, the weight associated with the first

class being a first weight, the quantization parameter value associated with the first

foreground object being a first quantization parameter value, the method further comprising:

assigning a second class from among the plurality of classes to a second foreground

object from the video frame, the second class being different from the first class;

adjusting a second quantization parameter value associated with the second

foreground object based on at least one of a target bit rate and a second weight associated

with the second class assigned to the second foreground object, the second quantization

parameter value being different from the first quantization parameter value, the second

weight being different from the first weight;

producing a plurality of DCT coefficients for pixels from the plurality of pixels of the

video frame associated with the second foreground object;

quantizing the DCT coefficients associated with the second foreground object based

on the adjusted second quantization parameter value; and

coding the quantized DCT coefficients associated with the second foreground object.



10. The method of claim 7, wherein:

the adjusting includes scaling the quantization parameter value associated with the

foreground object based on at least one of the target bit rate and the weight associated with

the class assigned to the foreground object.

11. The method of claim 7, further comprising:

generating gradient information associated with the video frame via a single pass

through the video frame;

deriving a human visual system factor associated with the video frame using the

gradient information; and

adjusting the quantization parameter value associated with the foreground object

based on at least one of the target bit rate, the weight associated with the class assigned to the

foreground object, and the human visual system factor.

12. A method, comprising:

assigning a class from a plurality of classes to a foreground object from a first video

frame having a plurality of blocks of pixels, the foreground object including a block of pixels

from the plurality of blocks of pixels of the first video frame, each class from among the

plurality of classes having associated therewith a coding priority;

identifying in a second video frame having a plurality of blocks of pixels a prediction

block of pixels associated with the block of pixels in the foreground object, the identifying

being based on a prediction search window having a search area associated with the coding

priority of the class assigned to the foreground object; and

coding the first video frame based on the identified prediction block of pixels.

13. The method of claim 12, further comprising:

updating the search area of the prediction search window according to tracked motion

information associated with the foreground object over a plurality of video frames including

the first video frame.

14. The method of claim 12, wherein :

the class assigned to the foreground object is a first class, the plurality of classes

including a second class different from the first class,



the first class having an associated coding priority and an associated prediction search

window,

the second class having an associated coding priority and an associated prediction

search window,

a search area of the prediction search window associated with the first class being

smaller than a search area of the prediction search window associated with the second class

when the coding priority associated with the first class is lower than the coding priority

associated with the second class.

15. The method of claim 12, further comprising:

adjusting the search area of the prediction search window based on moving portions

of the foreground object.

16. A method, comprising :

tracking motion information associated with a foreground object in a first video frame

having a plurality of blocks of pixels, the foreground object including a block of pixels from

the plurality of blocks of pixels of the first video frame;

identifying in a second video frame having a plurality of blocks of pixels a prediction

block of pixels associated with the block of pixels in the foreground object, the identifying

being based on a prediction search window having a search area associated with the tracked

motion information associated with the foreground object; and

coding the first video frame based on the identified prediction block of pixels.

17. The method of claim 16, further comprising:

assigning a class from a plurality of classes to the foreground object, each class from

among the plurality of classes having associated therewith a coding priority; and

updating the search area of the prediction search window according to the coding

priority associated with the class assigned to the foreground object.

18. A method, comprising :

assigning a class from a plurality of classes to a foreground object from a picture in a

group of pictures (GOP), each class from among the plurality of classes having associated

therewith a coding priority;



tracking motion information associated with the foreground object over a plurality of

pictures; and

inserting an intra-frame picture in the GOP based on at least one of the tracked motion

information associated with the foreground object and the coding priority associated with the

class assigned to the foreground object.

19. The method of claim 18, further comprising:

modifying a structure associated with the GOP based on segmentation results

associated with the foreground object and with the coding priority associated with the class

assigned to the foreground object.

20. The method of claim 18, further comprising:

modifying a number of pictures associated with the GOP based on segmentation

results associated with the foreground object and with the coding priority associated with the

class assigned to the foreground object.

21. A method, comprising :

assigning a class from a plurality of classes to a foreground object from a picture in a

group of pictures (GOP), each class from among the plurality of classes having associated

therewith a coding priority;

tracking motion information associated with the foreground object over a plurality of

pictures; and

replacing a block of pixels in the foreground object with an intra-frame block of

pixels based on at least one of the tracked motion information associated with the foreground

object and the coding priority associated with the class assigned to the foreground object.

22. A method, comprising:

segmenting a foreground object from a background of a picture in a group of pictures

(GOP);

tracking motion information associated with a block of pixels of the foreground

object, a first block of pixels of the background, and a second block of pixels of the

background;

encoding the block of pixels of the foreground object as an intra-coded block of pixels

based on the motion information associated with the block of pixels of the foreground object;



encoding the first block of pixels of the background as a predictive-coded block of

pixels based on the motion information associated with the first block of pixels of the

background; and

encoding the second block of pixels of the background as a skipped block of pixels

based on the motion information associated with the second block of pixels of the

background.

23. The method of claim 22, wherein the tracking of motion information includes

detecting motion in the first block of pixels of the background and detecting an absence of

motion in the second block of pixels of the background.
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