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(57) Abstract: An image processing system (2) comprising a plurality of imaging sources (4, 4') for capturing images and/or video; a
central processing unit (38) for processing the images and/or video; at least one graphics processing unit (40) for further processing
the images and/or video received from the central processing unit; wherein the central processing unit (38) includes a prioritization
unit for assigning one or more priority values to the images and/or video based on the location (26, 26") of the imaging sources
and/or the rating (24, 24") of the images and/or video, selectively concatenating (28) the images and/or video with priority values
above a predetermined threshold, and transferring (136) the concatenated data to the at least one graphics processing unit (40).
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SYSTEM FOR IMPROVING IMAGE PROCESSING GOODPUT

Field of Invention

The invention relates to a system for improving image processing goodput.

-Background

In computer networks, goodput is the application level throughput, i.e. the number of
useful information bits, delivered by the network to a certain destination, pér unit of
time. The useful information bits exclude§ prétozzol overhead bits as well as
retransmitted data packets, and the goodput is assessed with regard to the amount of
time from the first bit of the first packet is sent (or delivered) until the last bit of the

last packet is delivered.

For example, if a file is transferred, the goodput that the user experiences
corresponds to the file size in bits divided by the file transfer time. The goodput is
always lower than the throughput (the gross bit rate that is transferred physically),

which generally is lower than network access connection speed (the channel capacity

or bandwidth).

In an imaging processing system, data is transferred between a central processing

unit (CPU) and one or more graphics processing units (GPUs) via a bus such as PCI
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express, but because some applications frequently transfer small amounts of data, a
significant amount of bandwidth is wasted due to transfer overheads. In addition this

problem is compounded by lack of data transfer coordination between the CPU and

GPU.

Furthermore the data transfer between CPU and GPU is performed with the help of a
queue buffer. Whenever congestion occurs on the PCI Express bus, data accumulates
on either side (GPU or CPU) and if the congestion is not cleared in time, the buffer
will overflow and may cause data to drop randomly. This behaviour is undesirable as
it introduces unpredictability to the processing oﬁtput. For example, in the case of
video analytics, the accuracy of the video analytic and analytic detection probability

will drop.
An aim of the invention is to improve the goodput in an image processing system.

Summary of Invention

In an aspect of the invention there is provided an image processing system
comprising:

a plurality of imaging sources for capturing images and/or video;

a central processing unit for processing the images and/or video;

at least one graphics processing unit for further processing the images and/or

video received from the central processing unit;
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characterised in that the central processing unit includes a prioritization unit for

assigning one or more priority values to the images and/or video based on the

location of the imaging sources and/or the rating of the images and/or video, and

selectively transferring the images and/or video with priority values above a

predetermined threshold to the at least one graphics processing unit.

Thus by prioritizing the images/video, the data passed to the GPU is filtered to

-reduce bandwidth wastage, thereby improving goodput.

In one embodiment the imaging sources comprise cameras.

In one embodiment the images and/or video with priority values above a
predetermined threshold are concatenated in a buffer prior to being transferred to the

GPU.

Typically the cameras stream images and/or video, and the images and/or video with

the highest priority values received from each stream at a particular instant are

“concatenated first.

Typically the GPU segments the concatenated images and/or video into a non-

concatenated form so that the images and/or video can be processed thereby.
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The concatenation allows the data to be transferred from CPU to GPU more

efficiently, thereby further improving goodput.

In one embodiment the images and/or video from the imaging sources are provided
as multiple streams for prioritization, but are concatenated as a single stream for
transfer-to.a.GPU. Typically. the data is only transferred to the GPU when the buffer

is full.

In one embodiment the CPU includes preprocessing means for filtering out images
and/or video with a rating below a predesignated threshold. Typically the rating of

the images and/or video is determined by video analytics.

In one embodiment the load of the at least one GPU is estimated and provided as
feedback to the preprocessing means to adjust the predetermined threshold as
appropriate. Thus if the GPU load is low, the threshold can be reduced. Conversely,

if the GPU load is high, the threshold can be increased.
Typically the load is determined by measuring the GPU execution time per image.

In a further aspect of the invention there is provided a method of processing images
comprising the steps of:
capturing images and/or video from a plurality of imaging sources;

processing the images and/or video via a central processing unit;
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further processing the imageé and/or video received from the central processing
unit via at least one graphics processing unit;

characterised in that one or more priority values are assigned to the images
and/or video based on the location of the imaging sources and/or the rating of the
images and/or video, and images and/or video with priority values above a
predetermined threshold are selectively _transferred to the at least one graphics

processing unit.
In one embodiment the images and/or video with priority values above a
predetermined threshold are concatenated in a buffer prior to being transferred to a

graphics processing unit.

In one embodiment the concatenated images and/or video are segmented into a non-

concatenated form so that they can be processed by the graphics processing unit.

Brief Description of Drawings

It will be convenient to further describe the present invention with respect to the

accompanying drawings that illustrate possible arrangements of the invention. Other
arrangements of the invention are possible, and consequently the particularity of the
accompanying di’awings is not to be understood as superseding the generality of the

preceding description of the invention.
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Figure 1 is a block diagram of the system according to an embodiment of the

invention.

Figure 2 is a block diagram illustrating the overall flow of the system according to an

embodiment of the invention.

Figure 3 is a block diagrgm illustrating furt%xer detail of the preprocessing step.
Figure 4 is a block diagram illustrating further detail of the prioritization step.
Figure S is a block diagram illustrating further detail of the buffer agreggator step.
Figure 6 is a block diagram illustrating the buffer aggregator activity.

Figure 7is a block diagram illustrating the segmentation step.

Figure 8 is a block diagram illustrating the GPU load estimation step.

Detailed Description

With reference to Figure 1, an overview of the system 2 accdrding to an embodiment

of the invention is illustrated.
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[n the central processing unit (CPU) 38, a network stream data receiving unit 6
receives network data from a plurality of cameras 4, 4’. The data is then passed to a
video acquisition component 10 in a media data processing unit 8 to be converted to

images in various formats such as MJPEG 12, JPEG 14 or MPEG4 16.

Data transfer to the graphics processing unit (GPU) 40 is controlled by a Multi-
Factor Buffer Concatenation component 20 in a media preparation unit 18, which
comprises Image Activity Preprocessor 22, Selection Prioritization 24, Camera
Location Prioriti;ation 26, Buffer Aggregator 28 and GPU Load Estimation 30, in

connection with Segmentation 36 in the GPU video processing unit 34.

With reference to Figure 2, the overall flow chart of the system is illustrated. The
network frames are acquired 42, 42’ from N (2 in this example) cameras 4, 4’ by the
network stream data receiving unit 6, and converted 44, 44’ to images in the media

data processing unit 8.

In the Video Stream Preparation Unit 18 the images are preprocessed 22, 22’ to filter
out images that are less significant and images that pass this step will be inserted into
the respective Preprocessing Output Buffer 46, 46’. Note that the video streams are

independent of each other before the Buffer Aggregator Stage 28.

Images in the Preprocessing Qutput Buffer 46, 46° are retrieved for first round

prioritization 24, 24’ where images are assigned priority value based on their
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importance (image rating). This is followed by second round of prioritization 26, 26’
based on location to determine the final priority value for each image. At the end of
prioritization, the images are tagged with their priority values and inserted into the

respective Prioritization Output Buffer 48, 48°.

At the Buffer Aggregator 28, images with the highest priority value will be selected
from the N prioritization output buffers 48, 48’and inserted into the transport buffer
to be transferred 50 to the GPU video processing unit 34. This selection process of

high priority images will continue until the transport buffer is full. After the transport

buffer is emptied, or in other words, the data has been transferred to the GPU video

processing unit 34, the whole process is repeated.

At the GPU video processing unit 34, the transferred data must be segmented 36 or

partitioned back to the original individual images for GPU consumption 52.

Finally, the GPU processing results are transferred 54 back to the CPU and the GPU
load is estimated 30 and provided as feedback to the preprocessing step 22, 22’ to

tune the filtering criteria.

With reference to Figure 3, images are received from the camera 4 and the
preprocessing step is initialised 56 by loading the configuration settings 58, reference

image 60 and the analytics measurement rating table 62.
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Once initialized, the normal anélyﬁcs steps such as bitmap conversion 64, pixel data
extraction 66 and analytic specific measurement 68 wili take place. An example of
analytic specific measurement is, in the case of motion detection, image difference.
‘As the step name implies this measurement depends on the type of analytics. The

measurement will then be retrieved 70 and mapped 72 to a rating value by looking it

up in a configurable measurement rating table.

The ratihg is compared 74 against a threshold, and images with ratings less than a
variable threshold will be discarded 76. Images with ratings greater than the
threshold will be tagged 78 with their ratings and inserted into the preprocessing

output buffer 46.

With reference to Figure 4, further details are provided about the prioritization step.
The thread 80 is initialised by obtaining 82 the camera ID. The camera ID is then
used to lookup 84 the camera location weight. This weight is one of the two factors

that determine the final priority value for the images.

A loop calculates the average image rating of N first images in the préprocessing
oufput buffer, as defined by the following steps in the illustrated diagram:

86 Sum=0, Loop variable j=1

88 Look for image j in preprocessing output buffer

90l If image j is r_10‘t available, then wait 92;

If image j is available, then retrieve Image Rating 94
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96 add image rating to Sum

98 Increment j by 1

100  Ifj<N then return to the step of checking if image j is available 88
If >N then calculate average 102

104  calculate priority = average + camera location weight

106  fetch first image

108  tag image with priority,

then insert image into prioritization output buffer 48

This average image rating and the camera location weight are used to determine the

. final priority value for the current image. In order to appreciate these two factors that

determine the final image priority value, camera location weight and image rating

average are considered.

With regard to camera location weight, in a case where some cameras (or image .
producing devices) are located at secure/sensitive sites, it is appropriate to assign

such cameras a bigger weight. This is because images coming from these cameras

should have higher priority and be processed first.

~

With regard to image rating average, in the case where images in a video stream have
been identified to have high priority, it’s likely that subsequent images will have
important information or activity in them. Therefore, through averaging, the

subsequent images will have higher priority values.:
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Thus the current image is tagged with the priority value and inserted into the
prioritization output buffer 48. This process is repeated as long as there are enough

images in the preprocessing dutput buffer 46 to calculate the Image rating average.

With reference to Figure 5, further details are provided about the buffer agreggator

28 which is initialised 110 as a separate thread.

A transport buffer (memory buffer) is allocated 112, and is tasked with moving high

priority images from CPU to GPU. The buffer aggregator picks images with the
highest priority and inserts them into the transport buffer. This is accomplished by
comparing the priority values of the first images of all N prioritization output buffers,
and repeated until the transport buffer is full, as defined by the following steps in the
illustrated diagram:
114 Loop variablei= 1
116  Priority array[i] =0
118  If prioritization output buffer i does not contain M or more images,
then 120 increment i by 1;
If prioritization output buffer i contains M or more images, then 122
retrieve priority value of first image in prioritisation output buffer i
124 storein pﬁority array {i]

126  If i < number of cameras then 120 increment i by 1
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If i > number of cameras then 128 find prioritization output buffer
with largest priority value

130  fetch M images from the buffer

132 insert into transport buffer

134 if transport buffer is full, then transfer 136 to GPU, otherwise return to

start 114 of loop

With regard to Figure 6 the buffer aggregator activity is illustrated wherein N=M=2
and each image has two values: R which stands for image rating and P for priority

value.

The transport buffer is always filled with M images at a time, taken from the buffer
holding the first image with highest priority value. M images are required because
some video analytics require at least M images for processing. For example, for

motion detection at least two images are needed.

The streams from four cameras (CAM1-4) in this example each contain a number of
images wherein each image is tagged with a priority value (P value). The cameras-
may be given a prioritization weighting (W-value). The Buffer Aggregator will look
at the priority value of the first image in each stream to determine which is first to be
moved to the transport buffer. In this example, the stream from camera 1 goes first
because the first image has a P value of 5.5 which is highest among its peers. Second

is Camera 2 as the first image of the stream has a P-value of 5.0.



WO 2014/042516 PCT/MY2013/000164

10

15

20

13

Notably, since the images are moved to the transport buffer in pairs (M=2 in this
example), IMG3 and IMG4 from camera 1 will be the third pair selected, because the
P value (4.5) of IMG3 from camera 1, which at that time is the first image in stream

1, is the highest among its peers.

Now the buffer has six images and is therefore full and ready to be transported to the

GPU. This entire selection process then repeats.

With regard to Figure 7 the segmentation step is illustrated wherein the concatenated

images are split into the original individual images for GPU consumption.

The border of individual images is found 138 and the concatenated images are split
140. The kernel is run 142 to process the images, and then the processed images are

concatenated 144 and transferred 146 back to the CPU.

With regard to Figure 8 the GPU load estimation step is illustrated. In this step, GPU

load is estimated based on the GPU execution time.

The analytics and GPU results are trénsferred 148 from the GPU to the CPU and the

GPU execution time per image is measured 150.
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If it is found 152 that the execution timer is greater than the upper threshold, then the
GPU-driven variable threshold is decreased 156 by 1 level. If not, and it is found 154
that the execution timer is less than the lower threshold, then the GPU-driven

variable threshold is increased 158 by 1 level

As such the estimated load adjusts the GPU driven variable threshold which is used
in the preprocessing image step for filtering less significant images. Thus if the GPU
is busy, the threshold is tightened to allow only highly significant images to pass
through the preprocessing image step, which is useful beéause the GPU is already

busy and has limited free resources to process the incoming data.

It will be appreciated by persons skilled in the art that the present invention may also
include further additional modifications made to the device which does not affect the

overall functioning of the device.
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CLAIMS

An image processing system (2) comprising:

a plurality of imaging sources (4, 4”) for capturing images and/or video;

a cen;[ral processing unit (38) for processing the images and/or video;

at least one gfaphics processing unit (40) for further processing the
images and/or video received from the central processing unit;

characterised in that the central processing unit (38) includes a
prioritization unit for assigning one or more priority values to the images
and/or video based on the location (26, 26”) of the imaging sources and/or the
rating (24, 24”) of the images and/or video, and selectively transferring (136)
the images and/or video with priority values above a predetermined threshold

to the at least one graphics processing unit (40).

An image processing system according to claim 1 wherein the images and/or
video with priority values above a predetermined threshold are concatenated

(28) in a buffer prior to being transferred to a graphics processing unit.

An image processing system according to claim 2 wherein the images and/or
video with the highest priority values, from those captured at any instant from

the imaging sources, are concatenated first.
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An image processing system according to claim 2 wherein the graphics
processing unit segments (36) the concatenated images and/or video into a
non-concatenated form so that the images and/or video can be processed

thereby.

An image processing system according to claim 2 wherein the images and/or
video from the imaging sources are provided as multiple streams for
prioritization, but are concatenated as a single stream for transfer to a graphics

processing unit.

An image processing system according to claim 2wherein the concatenated

images and/or video are only transferred to the graphics processing unit when

the buffer is full.

An image processing system according to claim 1 wherein the central
processing unit includes preprocessing means for filtering out images and/or

video with a rating below a predesignated threshold.

An image processing system according to claim 7 wherein the rating of the

images and/or video is determined by video analytics.
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An image processing system according to any preceding claim wherein the
load of the at least one graphics processing unit is estimated and provided as
feedback to the preprocessing means to adjust the predetermined threshold as

appropriate.

An image processing system according to claim 9 wherein the load is

determined by measuring the GPU execution time per image.

A method of processing images comprising the steps of:

capturing images and/or video from a plurality of imaging sources (4,
4’);

procgssing the images and/or video via a central processing unit (38);

further processing the images and/or video received from the central

_processing unit via at least one graphics processing unit (40);

characterised in that one or more priority values are assigned to the
images and/or video based on the location (26, 26’) of the imaging sourcés
and/or the rating (24,.24’) of the images and/or video, and images and/or video
with priority values above a predetermined threshold are seléctively transferred

(136) to the at least one graphics processing unit.

A method of processing images according to claim 11 wherein the images

and/or video with priority values above a predetermined threshold are
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concatenated (28) in a buffer prior to being transferred to a graphics processing

unit.

13. A method of processing images according to claim 12 wherein the
5 concatenated images and/or video are Segmented into a non-concatenated form

so that they can be processed by the graphics processing unit.
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