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This proprietary technology from Fujitsu was already introduced in a press release published on
March 5, 2020 titled “Fujitsu Streamlines Al Video Recognition with High-Quality Compression
Technology”. This article provides further details of the technology with a focus on its technical
aspects.

In recent years, there has been an increase in use of video images in various fields such as
detection of suspicious people on the street and analysis of operator behaviors on production
lines. With the advent of fifth-generation mobile communications system (5G) services featur-
ing high-speed, large-capacity communications, which enable the use of ultra-high-definition
4K video and high-volume video captured by cameras, there are also high expectations that
such images can be analyzed by Al to recognize small behaviors overlooked by the human
eye. Al analysis of video data requires a massive number of calculations. As the number
of cameras used changes, the number of calculations also changes. The cloud is suitable for
these types of calculations, as it is highly scalable and users only need to pay for what they
use. Conventionally, however, it has been difficult to use the cloud for this purpose, because
transmission of large video data uses up the network bandwidth. To solve the above problem,
Fujitsu has independently developed a technology that achieves high compression of video
data specialized for Al analysis. The application of the new technology enables video analysis
with the cloud. This article describes the problems with conventional video compression tech-
nology and provides details of our video data high-compression technology for Al analysis,

along with its evaluation results.

1. Introduction

In recent years, the use of video images captured
by cameras is increasing in various locations such as on
the street and on production lines. The advent of 5th-
generation mobile communications system [1] (5G)
service in Japan, in particular, is expected to contribute
to an explosive increase in the number of 4K ultra-
high-definition video images. And, there is expected to
be a sharp increase in demand for Al analysis of video
data in various business areas such as marketing and
manufacturing quality inspections [2-4].

Deep learning is an Al technique that is gener-
ally used to automatically analyze high-volume video
data without human intervention. Deep learning
involves a large number of calculations. The number
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of calculations also changes, as more cameras are in-
stalled to expand the surveillance area, for instance, or
the number of monitoring locations changes, depend-
ing on each time period. The cloud is highly scalable
and suitable for these types of calculations, as users
only need to pay for what they use [5]. Conventionally,
however, it has been difficult to use the cloud for this
purpose, because transmission of high-volume video
data from the field to the cloud uses up the network
bandwidth.

To solve the above problem, Fujitsu has inde-
pendently developed a technology that can compress
image data much more than the conventional com-
pression technology intended for visual confirmation
by humans, by optimizing image data to the minimum
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quality that Al can recognize [6, 7]. This reduces the
use of network bandwidth, enabling the utilization of
the cloud, without compromising recognition accuracy.

This article is structured as follows. First, the ar-
ticle describes the conventional video compression
technology as well as its problems. Then, it describes
our new technology, which achieves high compression
of video images specialized for Al analysis, along with
the evaluation results. And, at the end, it provides a
summary and mentions Fujitsu's future plans for the
technology.

2. Conventional video compression
technology and its problems
This chapter describes the conventional video
compression technology and problems that may arise
when applying it to Al analysis.

2.1. Conventional technology intended for
visual confirmation by humans

Video compression technology is used to com-
press video images to reduce their data sizes so as to
reduce the communications cost required to exchange
high-quality video images and reduce the storage cost
required to store such images. In general, increasing
the compression ratio reduces the data size, but it also
reduces the image quality. Therefore, it is important to
find a balance between the two.

Conventionally, international standards and
recommendations for video compression methods
(hereafter, standards), such as H.265/HEVC [8], have
been used to determine the compression ratio based
on image quality intended for visual confirmation by
humans. More specifically, the compression ratio is set
to achieve image quality that is comfortable for hu-
mans, when looking at each of the “blocks” that divide
video images frame by frame [9].

2.2. Data size problem with conventional

technology

Figure 1 shows the pixels that are focused on,
when YOLOv3 [10], an example of Al for image recog-
nition and other video analyses, recognizes or detects
(hereafter, recognizes) the positions of humans in a
certain image, which are expressed as white dots, using
a visualization technique [11]. This result suggests that
the pixels focused on by Al for recognition only account

Block
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Image to be analyzed

Figure 1
Relationship between pixels focused on by YOLOv3 and
blocks.

for a very small part of the image. Since conventional
compression technology also sets blocks that are not
required for Al video recognition as high image quality,
the data size of the entire video tends to become large,
which has been a problem.

3. Video data high-compression
technology specialized for Al
analysis
This chapter describes the technology used to

achieve high compression of video data with image

quality specialized for Al analysis.

3.1. Approach using this technology

This technology is implemented in two steps.

The first step is to increase the compression
ratio of images and try Al object recognition to under-
stand how much the recognition accuracy degrades.
Recognition accuracy is a value that is output by Al to
indicate how accurate Al itself regards each recognition
result. This step is detailed in subsection 3.2.

The next step is to determine the highest compres-
sion ratio (critical compression ratio) within the range
where Al can recognize objects in the same manner as in
the uncompressed state. The compression ratio is deter-
mined finely by block to minimize the data size. Finally,
each block is compressed at the determined critical com-
pression ratio. This step is detailed in subsection 3.3.
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3.2. Understanding the relationship
between compression ratio and
degradation of Al recognition accuracy
This section describes the three processes used

to understand the relationship between the compres-

sion ratio and the degradation of recognition accuracy,

based on Figure 2.

(1) Quantifying the degree of recognition accuracy
degradation by compression
First, the entire uncompressed image is com-

pressed at a certain uniform compression ratio, and

then decoded. The decoded image is called “image
decoded after compression.” As some information is
lost during the compression, the quality of the image
decoded after compression is worse than the quality
before the compression. Next, with the uncompressed
image and the image decoded after compression as
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input values, a deep learning model such as YOLOv3 is
used to process object recognition and obtain recognition
results and recognition accuracy. Finally, the difference in
recognition accuracy between the uncompressed image
and the image decoded after compression is calculated
to quantify the degree of recognition accuracy degrada-
tion from the uncompressed image.

The deep learning model outputs a probability
value (0 to 1) that indicates how accurate the input
image is with respect to the whole pattern (e.g. hu-
mans, vehicles) learned as recogni tion targets. This
represents the recognition accuracy and the pattern of
highest recognition accuracy is regarded as the recogni-
tion result. The difference in the recognition accuracy
calculated based on the uncompressed image and the
image decoded after compression represents the de-
gree of degradation from the uncompressed image.
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Figure 2

Understanding compression ratio and its impact on Al recognition.
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(2) Identifying pixels that cause recognition accu-
racy degradation and quantifying their effect on
degradation
First, the pixels that cause the recognition accu-

racy to degrade and their effect on recognition accuracy

degradation are investigated by using the back-prop-
agation method [12]. More specifically, the degree of
recognition accuracy degradation calculated in process

(1) is entered in the output layer of the deep learning

model and the flow of the object recognition process

is traced in the reverse direction. This can obtain the
positions of the pixels that cause the degradation of
recognition accuracy and the strength of the effect that
the pixels have on recognition accuracy degradation

(hereafter, degree of effect for recognition accuracy).

Next, the degrees of recognition degradation impact

by pixel are aggregated by block. This can quantify the

degree of effect for recognition accuracy by block.

(3) Understanding the relationship between com-
pression ratio and degree of effect for recognition
accuracy
The quantification of the degree of effect for rec-

ognition accuracy performed in (1) and (2) is executed

by changing the compression ratio for the same image.

This makes it possible to identify the relationship be-

tween the compression ratio and the degree of effect

for recognition accuracy by block, as shown in the chart

in Figure 2.

3.3. Determining critical compression ratio

and compressing an image

Based on the relationship between the com-
pression ratio and the degree of effect for recognition
accuracy calculated in subsection 3.2, this subsection
explains how to determine the critical compression
ratio by block at which objects can be recognized, and
describes the process used to compress each block.
Figure 3 provides an overview of determining the criti-
cal compression ratio and compressing an image.
(1) Determining the critical compression ratio by

block

Based on the chart obtained in subsection 3.2,
the critical compression ratio is set as described below,
for the following reasons, if the degree of effect for
recognition accuracy increases suddenly at a certain
compression ratio when changing the compression
ratio.

*  The degree of effect for recognition accuracy by
block is the minimum in the uncompressed state.

+  The block with the largest degree of effect for rec-
ognition accuracy contains the most information
required for recognition and this means that such
information is easily lost through compression.

+  Ifthe degree of effect for recognition accuracy in-
creases suddenly at a certain compression ratio,
the recognition accuracy also degrades rapidly.
Therefore, the compression ratio must not be
exceeded.

The process of applying the above standards to
determine the critical compression ratio is described
in the example of recognizing a person and his face
in Figure 3. The compression ratio is changed from
low to high in the chart of the compression ratio and
the degree of effect for recognition accuracy by block.
In this case, the degree of effect for recognition ac-
curacy increases suddenly in blocks near the face of
the person at first, and then the degree also increases
suddenly in blocks near body parts of the person other
than the face. The critical compression ratio for each
of these blocks should be lower than the compression
ratio at which the degree increases suddenly. On the
other hand, the degree of effect for recognition accu-
racy does not change in background blocks, even when
the compression ratio increases. Therefore, the critical
compression ratio for these blocks should be set to the
maximum possible value.

(2) Compressing each block of the image at the criti-
cal compression ratio
Each block of the image is compressed by setting

the critical compression ratio calculated in (1), according

to the existing standard for setting the compression ratio.

The processes in subsections 3.2 and 3.3 are per-
formed for each image frame. Even if the person moves
over time, therefore, the critical compression ratio can
be changed for each block in real time according to the
position of the person in each frame.

The above technology can achieve high compres-
sion of video data, while maintaining the recognition
accuracy.

4. Evaluation

This section describes the evaluation of the com-
pression ratio and recognition results of image data
using the newly developed technology.
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Figure 3
Determining critical compression ratio and compressing image.

4.1. Evaluation of data size and recognition

results

Two types of evaluation were performed based
on the “Cascaded Pyramid Network (CPN)" [13] deep
learning model, where the bone structures of people in
the image cut out with YOLOV3 are recognized. First, a
video image was compressed both at the compression
ratio generally applied in conventional compression
technology intended for visual confirmation by hu-
mans, and at the compression ratio determined using
our new technology, and then the data sizes of the
compressed images were compared. Next, the images
decoded after compression were entered in the bone
structure recognition process to compare the recogni-
tion results of both images.
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4.2. Same recognition results achieved even

with data size reduced to 1/7

The evaluation confirmed that the data size of
the conventional compression technology intended
for visual confirmation by humans was 11,814 bytes,
whereas the data size using our technology was only
1,527 bytes, successfully reducing it to one seventh the
data size.

Figure 4 shows an example of an image where
the bone structure information output through the
bone structure recognition process is superimposed on
each of the images decoded after conventional com-
pression intended for visual confirmation by humans
(a) and after compression using our technology (b).
This evaluation confirmed that even when the data size
using our technology was reduced to approximately
one seventh the data size of the conventional compres-
sion technology intended for visual confirmation by
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(a) Compression for visual
confirmation by humans

(b) Compression using our
technology

Figure 4
Results of bone structure recognition by compression for
confirmation by humans and our technology.

humans, the bone structures of the people could still
be recognized in almost the same shapes as in the un-
compressed video image in all video frames.

4.3. Considerations

This section describes key points for successfully
reducing the data size to approximately one seventh,
using the image of one frame extracted from a video
(Figure 5).

Figure 5 (a) shows an image compressed using
our technology and Figure 5 (b) shows the critical
compression ratio for each block, which was calculated
based on our technology. The compression ratio used
was 0 to 51 within the range that can be set under
H.265/HEVC. A larger value means a higher compres-
sion ratio.

Figure 5 (b) indicates that only the blocks that
significantly affect bone structure recognition are set
to low values ranging from 30 to 43, whereas all the
others are set to 51, the highest value. The variations
between 30 and 43 are based on results of the detailed
assessment of the compression ratio by our technol-
ogy, using the difference in the degree of effect for
recognition accuracy, based on the method described
in subsection 3.3. With the image converted at the con-
ventional compression intended for visual confirmation
by humans, on the other hand, the compression ratio is
set to 30 for all of the blocks.

Therefore, only some areas (hereafter, zones) of
each image are important for Al recognition. It can be
said that the compression ratio can be increased more
than before by setting unimportant zones to ultra-high

(a) Image compressed
by our technology

Note: The red and orange frames indicate zones that our technology
has judged as important blocks for Al recognition.

(b) Critical compression
ratio by block

Figure 5
Consideration of the compression process using our
technology.

compression, while changing the compression ratio for
important zones even more finely.

However, it should be noted that the effects of
compression may vary, depending on the image size,
the number and scale of recognition targets, complex-
ity of image movements, and other factors.

5. Summary and future plans

This article described the technology used to dis-
tinguish between important and unimportant zones
of an image for Al recognition and how to control the
compression ratio finely in order to optimize an image
to a level of quality that can be recognized by Al and
achieve high compression of video data.

This technology can be used to send a much
smaller amount of video data than before from the
field to the cloud, enabling Al analysis in the cloud
environment. Even more advanced analysis and utiliza-
tion can be achieved through combined use of analysis
results with sensor data, document information and
other information in the cloud, for example, by com-
bining information about in-store customer behaviors
based on video image analysis with sales information
for marketing use.

In addition, the spread of the 5th-generation mo-
bile communications system can provide advantages
such as enabling easy relocation of installation loca-
tions of many cable-free cameras, which transmit video
data wirelessly, when factory lines are changed, for
instance. When combined with our technology, which
produces the effect of high compression of video data
captured by many cameras, 5G technology can lower
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the threshold of use of ultra-high definition video im-
ages [14].

Fujitsu will continue to evaluate the new tech-

nology under various conditions assumed for practical
applications, such as image capturing conditions for
Al recognition targets as well as sizes and movements,
so that the technology can be applied to various use
cases, and further research and develop improved com-
pression performance.

All company and product names mentioned herein are trademarks or
registered trademarks of their respective owners.
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