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Introduction f48:

Object detection is one of the hottest topics in Al (such as natural language). This applies not only to autonomous driving, but
also to many technologies, such as medicine, that can help doctors discover things they can't see, making it easier to identify
patterns of disease. In geographic settings, it can help identify planes or ships, or astronomy can help identify stars and galaxies
that you can't see with your eyes. Make sure this technology is suitable for new research code, and each code can be modified
and extended to meet your new requirements. Modern technology does not need to rediscover the same 100 times If a well-
rotated wheel already exists, it's best to improve it and let it fly. -)
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The model workflow: & T /%12
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Key Points: « &

e Diverse CNN are used for analyzing the picture

e The privacy is respected (s. the locks), in privacy mode will the face and car plate replaced by an ellipsoid
e 250 car plate pictures were taken and self’s annotated

e  With the car plate pictures was a Mask R-CNN network trained ( tata-network)

e It extracts objects, the from people if available the face, if they are prominent it will be tried to recognize
e  From car/truck/bus, the car plate will be extracted (tatanetwork)

e  From other objects are currently not extra analyze.

e The entry can be single pictures, videos, cam.

e Forevery entry it gives 3 modes, complete analyze/single analyze without face /privacy with face and car plate hidden
e  For every entry it is a statistic file done for later analyze.

e By face it is a statistic incoming people and outgoing people

e  Frame-by-frame tracking of objects (camera / video)

e Object time position tracking from frame to frame display (point decontamination) for the last 11 frames
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| can imagine that one day there will be a training to get to know the green car sector. In China, green license plates
describe electric cars, so they can be used to count conventional cars and electric cars. You can also identify car
statistics and make statistics, such as how cheap cars are used, how expensive cars are used, etc ...
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Different accuracy tests: 4~ [5 B4 /7 14 iz «

By shooting, | took different angles to the object:

In a subway station, the camera is located 1.5 m above the ground (angle relative to the object = 0-10%)

In 28.12 shopping center, the camera is located 14m above the ground (angle relative to the object = 40--80%)

In the 29.12 shopping center, the camera is located about 6m above the ground (angle relative to the object = 30-
60%)

In all 3 cases, the accuracy is very good.



From a large perspective, face recognition is more difficult, which means that the effect of 3-4m is very good. Most
importantly, face information is becoming increasingly unavailable in other tasks such as face recognition.
The accuracy of the light, if you really want to read the license plate and recognize the human face with the available
information, you need daylight or use a camera with other led lights. Most cars and pedestrian street lights in Beijing
have additional lighting. | also conducted a night video test and the recognition rate of license plates and faces was
very low.
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Statistical results from R-CNN network: 3 B R-CNN MZEHSiTE R
The possibilities of statistical analysis are almost limitless, the limits are just your own imagination.
Summarize object types, combine results with time events, and get amazing results. Check out posters about
shopping malls, street intersections, and subways, this is just a small example.
Let me summarize these three posters in a few words
Shopping Center: Imagine

e No security measures, only plans:

o Monitor the flow of people at different entrances and locations in the shopping area.

Monitor the impact of new stores on traffic (whether attractive)
Monitor visitor traffic during other events.
Plan better capacity usage based on statistical knowledge
Can the event attract more people in your spare time?
Long-term monitoring of records and statistics for planning
o Generate a centralized heat map of the infrastructure

O O O O O

e Security measures (if permitted by law)
o People who are directly banned (blacklisted) can be found
o Through the security threat, the root cause can be directly analyzed and recorded.
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At the subway station ZE b £k 5K
No security measures, only plans:

o Monitor the movement of people at different entrances and locations of subway stations

Monitor capacity based on capacity limits

Define actions such as (volunteers and police) during peak hours to speed up movement of people

Automatic signal acquisition when capacity limit is reached

Get automated decisions for managers (also assistants) to slow down security checks at entrances to

reduce / control the number of people in subway stations

Long-term recording of monitoring and statistical data in preparation for next year's plans

o Inform about possible capacity bottlenecks in some locations within the site and ask you to check
what changes should be made

o Generate a centralized heat map of your subway station (including corridors)

o O O O

o

Security measures (if permitted by law)

o Can find directly banned (blacklisted) people
o Through the security threat, the root cause can be directly analyzed and recorded.

Proactive security measures before threats occur
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Cross Street
No security measures, only plans:

Monitor different entrances at different entrances of a city or street, people / cars / buses / bikes /
motorized traffic

Monitor the impact of new stores on regional turnover

Monitor visitor traffic in other events.

Plan better capacity usage based on statistical knowledge

How to manage capacity during peak hours

Record time monitoring and statistical information in preparation for the month and date of the next
year

Change the rhythm of traffic street lights based on information (smart city)

Get emergency services to your destination faster by using crowded streets

Provide instant information on traffic flow,

Mapping people / cars / bikes concentration heat maps in cities

Security measures (if permitted by law)

etc

o Red light jumper identification (pedestrian)
o Quickly analyze root causes through security analysis locations
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Privacy: 2 FA:
You are generally not allowed to register your face / license / identity without police authorization. That's why |
implemented the privacy version through all three sources. Statistics will not be affected, but as long as there is
information available on the picture or frame, you will no longer be able to see the face or license plate. You don't
need to hide unreadable license plates or people.
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The Networks: fI4& :
Uses three network models:

e Mask RCNN (pre-trained and self-trained) to recognize objects

e MTCNN for face recognition

e VGGFace2 for face recognition (implemented by way of example to display data processing methods)
Mask-RCNN was originally TensorFlow 1 code, and | modified it and extended it to TensorFlow 2 with many other
features.
Self-trained networks are very effective, and | see that sometimes car logos are considered car signs, which gives a
new idea that not only use car signs but also car logos to train the same network. Car logos can be a New category.
Imagine generating statistical information about car manufacturers on Beijing's main roads, which could be an
amazing statistic. But this can only be achieved with the cooperation of the city government and the police.
Another use of the self-training network is in the pattern branch, using short down jackets, long coats, white
sneakers, and bags to train models.
A= RIREL.
-EE RCNN (2B BNZ) RORBIHE
-ATEEBIRAIAY MTCNN
-AFARIZAIA VGGFace2 (DIRBIMAREI, MUEREIRNLIETX)
Mask-RCNN Bz #J:& TensorFlow 1 fX73, X H#ITTENFBHY E%E\Jﬁ ifFé?HT’@IJJ““ fY TensorFlow 2,
A BRIGHMEBIEERR, REINGRERIFRIAAZIRERE, X T MHRRE, BRMXBERA
REMRME, MBEXRFER nif?ﬂﬂévlléﬁﬂ—/\l—ﬂ% RERRT] ﬁ“é%—/l\%ﬁ . BR—THEIERTEER
J:Fi’ﬁaém!ﬁﬁ% IEENFITER, XUE—NTAENFITER. 1EiZR7ﬁTFﬁEiW$D%$E’\JEEéT7T

BESCIN

Q?&:UII%E’JH%E’]% MAZREERD X P, FAERIER KHME AezzsENEREFIGHEL,

The tracking B fRI1EER:

Tracking uses object detection results, which are displayed frame by frame in "x1, y1, x2, y2, score" format. It uses a

"sort" algorithm to generate a new detection result in the format "x1, y1, x2, y2, id".

The difficulty lies in finding out from the second table which one is detected from the first table, and the size of the

rectangle is different. Therefore, | use 2 complementary methods to achieve this association, and when the first fails,

the second tries. The tracking rectangle is black. The object ID then generates a unique color for that ID.

In non-tracking video, the color of the object changes with the frame. In tracking video, the color of the object is

stable from frame to frame.
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_cross_Tracing_privacy3_WR_logo

Tracking objects work for any object. The time tracking point is the lower center position of the tracking rectangle in
the last 11 frames. | implemented a circular buffer. If the location is unknown or not detected, the value is -1.

This way you can not only see the method, but also (read the tracking poster) to evaluate the speed of the object.
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Privacy can also be active in tracking. Face and car plate extraction can also be provided as needed, and the results
will be stored with the object ID for subsequent analysis.

BRI AT I BRER P A FUAENIRZS . B0 URIERZR M E IR ERRIZER, EREESTR ID —E 76,
AT ERE D




- Vvideos are available on google drive

https://drive.google.com/file/d/1n0ONZ87QyBiM6XJ4uolfwmEbHIHb5idaO/view?usp=sharing

and Baidu-share

$E3E: https://pan.baidu.com/s/ImnyrX5wGFwhOFeBEm1HLCg 3R EXAL: Skf5

The application:
# Welcome to vision control app | -
enter the analyze type:
Enter the file name for saving data
set the framejump :

set the new video frame limit (raw):

set the video analyze frame limit (raw):

set the DPI:

Source:
Style:
Facial analysis :
Privacy :
DPI:

Saving stats-data filename:
Mew video filename :
Framelump :

Fps:

Mew Fps:

Video Frame Mumber :
Video lengthisec) :
Video length{min] :
new video frame limit :
video analyze frame limit :
] extra function
trace function
Hide Output pictures

|vid-simp|e V|

|san|itun-sh0rt-tracing |

=

645 =
645 =

—1

3 =
video
continue
Mo
Mo
75
sanlitun-short-tracing_2020-02-12_21-20-16.npy
sanlitun-short-tracing_2020-02-12_21-20-16_WR.mp4
3
29
9
645
22
0.3706896551724138
645
645

Confirm it
enter
Confirm it
Confirm it
Confirm it

Confirm it



https://drive.google.com/file/d/1n0NZ87QyBiM6XJ4uoIfwmEbH9Hb5idaO/view?usp=sharing
https://pan.baidu.com/s/1mnyrX5wGFwhOFeBEm1HLCg

1. Select the method (picture / video / video / statistics) (normal / simple / privacy), then select the source %
a3 (AA/A/AS/EITER) (EB/ER/BRNL)  AEEFERIE
Enter the basic file name of the result % A\ 25 REIE AR 4%
Set frame jump (if you take the video as the end, please choose 3-5 frame jump) i&% BBk (40 IR
EALER, 1EIERF 3-5 Bk

4. Select the new video frame limit in the original frame (check down the video frame number) Z£ R 451 &1 1%
FEF MRS (@ THRERRINS)

5. Set video analysis limits 1% & 1519 47 B i
Set the dpi (best 75) X & dpi (Ff{E 75)

7. Set hidden output pictures (Jupyter Lab rests by a lot of pictures, so select this option if the video is longer)
RERBRIER (upyter KRERAERRFAKE, FLMRAGEAK, BFEFIIET

8. Tracing function: select this function to get the position of the last 11 frames IRERINEE: EIFIZTNRETI 35
B&/E 11 MM E

9. Additional function: Allows to save the face / object / license plate professional object ID in the file name [ff
INThEE: RPN/ DE/ERET WK ID REFEXGEF

At the end of the video, the app inserts the user logo as the video owner ZEfUIAKE, N FAREFEH ARG

NAMPTE &

The posters and user cases: 7§ :
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Tracking objects2 : Monitor motion / speed and distance between objects (social distance)
Mask R-CNN:IBER X 52 : HEMR IR )R RIS (REACIRED

The goal of object tracking is to provide a constant ID assignment with the same object as long as he/it is visible, as well as a tracking option (where he / it comes from), a prediction
of the direction of movement (where he/it is going) and an estimate the speed (how fast).
The first version backend was based on circular buffers, but had some disadvantages such as the limited depth of historical information, performance problems with a high number

of object IDs to be tracked (4000) and no information storage for offline analysis.
The second version is now based on a back-end database and offers unlimited object ID capacity, enormous performance improvements and information storage for offline analysis.

L T AR 7 SUD A B
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Based on the advantage of the database, we introduced facial validation. If you provide a picture of a person, it will try to recognize the person on one of the objects (embedded
face validation) (face is a Match (0.119 <= 0.500)) once he has checked the person, it will track the movement until the person disappears.

R TYIBER RS, RAE V@GR MR, WTERIUGH2ZE, fofsslEmmik LSz ARAGCEMGAIE) o 3 HAbiS BMeREa) T2l %.
The new database backend also allows information to be shared and managed between multiple cameras. The idea is that the database has "embedded vector” information for
each object ID, so the face of each camera can be verified on the same data set and unique ID. This also allows monitoring and tracking of objects in large regions / cities / countries
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Social distance is the term "2020" related to the Corona / codiv-19 epidemic. Now, the new data concept and database data structure allow to check (online or offline) the
minimum distance between two people. The yellow mark indicates that the distance between the two object IDs is too small. The distance is required to be set on the
application menu and is also independent of the distance from the object to the camera.
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Mask R-CNN : Person flow monitoring at subway Station

Mask R-CNN: Mgkl CIESRUARE TR — TR 150)  mld i Be i A 3 i 3

. — objTot
A L
)
2
10
v

| i

N 11l |
v n A Ju 1. )
‘\' '\\’L f.‘ ',:"I\‘. .‘)\'H"w‘, lvu‘

14 LT ;" gy Y
i, ) mpsim
‘i

|
J

The accuracy of the enumeration can only be achieved by better placement of the cameras (height and angle) and the precise definition
(surface) of the array to be monitored.

trEngdedtE R G A AR IR CEEAAE) UURE RPN EE X W) RIT.
Traffic-object statistic at lat: 39.9359 Long: 116.4554
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During the rush hour{E i ¥ Bt

o Increased number of subway trains £ | 4= £ EU 4%

¢ Increased number of p gers entering subway stationsitt At ki 378 % ¥ & hpm

o Increased number of passengers arriving from subway trains A\ Hi % 71 4= 3| ik 4 Fe 7 St 1

Finding % B

o The available time window for evacuating passengers from and to the train is decreasing M 1] J A5 L3 35 067 44 AT HTIRHEL TR 1115 4 s

o Variations in subway arrival intervals also reduce the available time window: i 54k (]l i 80kt sl 1 ol et M & o)

Preventive measures for Beijing subway b 5 ik i) Fiii 5 e

o They use security personnel and volunteers to increase the speed of passenger flowfth fi 1{# /1] &4 A S LGB & L S BN Es

o Optimize passenger walking and reduce bottienecks caused by fluctuations in subway arrival times{i (b3 7 145 17 4 sl Hh ik 3k ng
[a}i8ezh 5| RAY T

When the "vertical wave" disappeared, the subway station was already saturated. In this case, during the National Day, the Beijing Metro

began to close some subway stations.2 “  FTiEN" 4 Yelf, HuEksl CE R, TR &, RS BIN, ACEHRERT RS K A

HbkEs
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Mask R-CNN : Person flow monitoring in Shopping area
Mask R-CNN: #J{AHH 5 UL

Long-term analysis of visitor traffic, useful for p ing or impact anal ing a store
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9pm evening, cold weather, the poeple are going home — Chffor
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Mask R-CNN : Person flow monitoring at a crosswalk
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Finding & 3:

- We can clearly see that when the lights turn green, the number of people leaving the camera increases significantly,
and later the number of people entering the camera increases (they pop out from the other side of the street)

-Passing red lights, car numbers are also decreasing

-During the red light, the number of other objects such as bicycles is also increasing

-The number of cars during the red light period will remain the same during traffic jams. You will see the difference
between the determined number of plates / minute. If the number is small, it means that we are in a traffic jam.

The nr cars here also include integrated buses and trucks
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Mask R-CNN : The privacy
Mask R-CNN: [FRAA

without privacy - #47 ERA

Privacy mode is a mode where every available face is hidden with an ellipse and each license plate is also hidden
with a rectangle. This way | can meet my privacy requirements.
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enter the analyze type _v:d»pnv;ty Confirm &
Enter the file name for saving data {sanitum-3m-tracing-privacy | enter
<et the framejump : S| Confirm
set the new vides frame limit (raw) [2000 73] Confirm
set the video anayze frame fimit (raw): {2000 73] Confirm it
set the DPI1 5 = Confirm it
Source: ideo
Style: continue
Facial analysis: No
Privacy 1 o
ol sy
Saving stats-data fiename ¢ sankturn-3m-tracing- privacy_2020-02-13 08-48-00inpy  [Start analyze)
New vides filename : sanliturm- 3m-tracing-privacy2020-02-13_08-48-00 WR.mpd
Framelump : 4
Fpa: 30
New Fps: 7
Video Frame Number : 11869
Video lengthisec) : 395
Video length(min) 6.5028888848880245
new video frame fimit : 2000
video analyze frame limet 2000
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A Hide Output pictures
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Mask R-CNN : Tracking objects
Mask R-CNN:iE 5% %

Tracking an object means identifying the same object frame by frame, even if the object is moving. This is done
through a "sort" algorithm. It gives the object a unique identity, which gives him a constant color. The logo is
also used for face and license plate extraction assignments. This tracking can also pass the object position of the
last x frames. It uses a circular buffer to track the object position of the last x frames
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Privacy mode is a mode where every available face is hidden with an ellipse and each license plate is also
hidden with a rectangle. Also available in tracking mode. 5 F\Hi U Bhiiat, Hoor g 4> o Fi G S0E0FH a1
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The tracking point is the position of the object in the last frames. The time distance between 2 frames is
constant and is defined in the setting: x frames / second, which means that the distance between two points
multiplied by a factor that depends on the angle and distance to the camera can provide the speed of the
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