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Introduction

Video Object Segmentation

Goal: extracting foreground objects from video clips.
Application:

video summarization/editing
object tracking

video action detection®3/*
autonomous driving

etc...

Figure 1. separating foreground object(s) from the background
region of a video!™
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Data Preprocess

Data

DAVIS 20162

Densely Annotated Vlideo Segmentation

50 full HD video sequences

> 3GB Figure 2. Sample imaggs in 2DAVIS—2016 with
annotation.™

pixel-accurate ground-truth data
provided for every video frame

Contain occlusions, fast-motion,
non-linear deformation and
motion-blur

Figure 3. Image Sequence Data in DAVIS-2016.%
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Data Preprocess
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2. Data augmentation:
Flip and Crop

3. Train set vs. test set:

a. Train set 30 video sequences
b. Test set 20 video sequences

Crop
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Model Construction

e Model:
One-Shot VOS Foreground Branch
Specific object - Less accurate contours
0  Reasons:
m Simpler: GPU limitation & easy to
implement

m Faster: One-Shot

. Boundary Snapping
m  Good result: ~80% in paper

Snap the foreground mask to accurate contours

Contour Branch
Accurate contours - Generic objects

e Model Structure

o  Parent network + Finetune (Transfer learning)

o Two branch: Foreground & Contour

o  Loss function: imbalanced version of binary
pixel-wise cross-entropy

Limoa=—BY logP (y;=1|X) — (1-5) D _logP (y;=0|X) (1)

jeyy JjEY_

where 8 = |Y_|/|Y].
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Model Evaluation

e Visual evaluation:
Good Result

frame O frame 19 frame 38

Possible reason: common object in pre-trained model <- already good
Not common and hard to learn <-improve not so large
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Model Evaluation

e Visual evaluation:(more)
Good Result

%mmmm i | L IIHIH"
LRI n{ | __lﬂ 7‘ L L‘\‘;E\fm "V?m 1]

frame O frame 19 frame 38

Bad Result

frame O frame 19 frame 38
Possible reason: common object in pre-trained model <- already good
Fast, high motion <-improve not so large
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Model Evaluation

® Numerical evaluation:
o Region similarity (avg): 76.4%
o Contour accuracy(avg): 78.2%
o Temporal stability(avg): 34.5

methods

. reglon similarity
. contour accuracy

. temporal stability
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paper: 79.8%
paper: 80.6%
paper: 37.6

sequence name
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System Design
Aims:
To support previewing uploaded video with segmented foreground object.
Expected outcome:

Separate foreground objects with larger than 80% overlapping with
ground-truth on average

Provide API for video website and simple web front-end for demo

cache
'™
/ Tensctr

model preprocess

Upload interface }—

front-end

Environment:
TensorFlow 1.14,
CUDA9.2,
CUDNN 7.2.1,
OpenCV 3.4.3,
FFmpeg

API: Flask

ks]
@ e back-end
s
Front-end:

SEEMENIEY Video rendering
label
django

Figure 5. Simple overview diagram of system video js/D3.js

a3ew jeuiSuo

Demo window

P S

K\_/
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Web Interface

. - L
Project v @ * i Vvideo.html fm Upload.html i homepage.html @ views.py g Vis-html am gallery.html fm Video.html fig upload.html i homepage.html @ Vviews.py @ app.py fm Vis.html
v = = v
frontend ~/Documents/GitHub/jaji | url="http://127.0.0.1:5000/api/infer" 40
app 15 41 @app.route('/api/infer', methods=['GET', 'POST'])
: : 16 def homepage(request): 42 def infer():
migrations i 43 try:
static 18 & return render_to_response( ' homepage.html') 44 logging.info("receive video and analysis original video")
45 if request.method == 'POST':
templates 19
. 46 video_file = request.files.get("File")
allery.html 20 def upload(request): B B
e y. 21 if request.method == "POST": 47 f}rst_mask = request.f11es.getl(."frame") §
ws homepage.html 22 uf = VideoForm(request.POST, request.FILES) as video_name = reques:foiw-get( videonane")
upload Kt 23 if uf.is_valid(): # if valid 49 V}deo_name —.os.pat .splltext(vmeo_name) F@] ) o .
H > . _ —_— . 50 video_path, img_path, first_mask_path = video_utils.init_video(
id html 24 videoname = uf.cleaned_data['videoname'] - id )
iy VICEO LMY 25 Frame = uf.cleaned_datal'Frame*] = video_name
o Vis.html 26 File = uf.cleaned_data['File'] N ) )
= 27 # 'save Fiia 53 video_name_res = video_name + "-concat.mp4"
@ __init__.py o8 video = Video() 54 if video_name_res in video_utils.cached_video:
dmi 3 " 5 55 logging.info("Hit video in the cache")
@ admin.py 29 video.videoname = videoname " e ond FiTe
6
i . i _
@ apps.py :? v*geo.?:me Ff{ame 57 o0s.path.join(video_path).replace(".mp4", "-concat.mp4"))
3 video.File = File
= models.py e 1t = vid 58
= tests.py 33 ::zult ;aV:(fo 59 video_file.save(video_path)
L2 3 u . \ : .
60 first_mask.save(first_mask_path)
= views.py 34 x = requests.post(url,data={"videoname":videoname}, files=request.FILES) 61 E
T— 35 w:l.thfopen(c?.path.]olr)\( app/static/video”, videoname+".mp4"),"wb") as f: |, tag = video_name not in video_utils.cached_model
36 .write(x.content :
_ ) o . . . 63 if tag:
= __init__.py fi thhfoper}(oi.'path(.jjom;dépp(st:u;/he???rs , videoname+".json"),"w") as f: 64 logging. info("Hit previous model weight")
2 settings.py 38 .write ]lsxl)n."umps .1ct.x. fe.a ers ) . 65 else:
i 39 v = os.path.join("/static/video", videoname+".mp4") 66 logging.info("finetune pre-trained model for new sequence")
o -Py 40 h = os.path.join("/static/headers”, videoname + ".json") 67 video_utils.video2img(video_path, img_path)
= Wsgi.py 41 x={"v":v,"h":h} 68 osvos_demo.demo(seq_name=video_name, first_mask=first_mask_path,
upload 42 g return render_to_response('video.html',x) 69 img_path=img_path,
. 43 else: 70 result_path=o0s.path.join('tmp', video_name, 'pred'),
File 44 uf = VideoForm() 71 concate_path=os.path.join('tmp', video_name,
First_Frame & 72 ‘concat’),
e 46 & return render_to_response('upload.html’,{ 'uf':uf}) 73 train_model=tag)
4 74 result_video_path = video_utils.render_video(video_name
o -9itig a7 t_vid h = video_utils. render_video(vid )
db.sqlite3 48 75
 manage.py 49 def video(request): 76 return send_file(result_video_path)
50 @& return render_to_response('video.html") 77 else:
51 78 raise ValueError("Not support GET method")
Anf riolnnnn . 79 except ValueError or AssertionError as e:
80 logging.error(e)
81 return "Internal error.", 504, {
82 ‘Content-Type': 'text/plain; charset=utf-8'}
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Web Interface

Last login: Fri Nov 22 17:11:44 on ttys@e2

[(base) MBP:~ jason$ cd ./documents/github/jasonlllau/video-object-segmentation-S
TCNN/frontend

[(base) MBP:frontend jason$ python manage.py runserver

Watching for file changes with StatReloader

Performing system checks...

System check identified no issues (@ silenced).

November 22, 2019 - 22:13:21

Django version 2.2.6, using settings 'frontend.settings'
Starting development server at http://127.0.0.1:8000/
Quit the server with CONTROL-C.

E6893 Big Data Analytics — Final Project Proposal

auth_group_permissions
auth_permission
auth_user
auth_user_groups
[sqlite> select * from
1||0]2019-11-22
2|0|2019-11-22
3||0]2019-11-22
4]|0]2019-11-22
5|]0|2019-11-22
6||0]|2019-11-22
7]|0]2019-11-22

frontend — sqlite3 db.sqlite3 — 80x24

django_content_type
django_migrations
django_session

app_video;

16.624583+00:00

:16.624583+00:00

:16.624583+00:00

:16.624583+00:00

04:51:16.624583+00:00

04:51:16.624583+00:00

04:51:16.624583+00:00

8| |0]2019-11-22 :16.624583+00:00

9|10]|2019-11-22 04:51:16.624583+00:00

10|123|0|2019-11-22 04:51:16.624583+00:00

11|123|0|2019-11-22 04:51:16.624583+00:00

12| test|0|2019-11-22 04:51:16.624583+00:00

13|test|0]2019-11-22 04:51:16.624583+00:00

14|asd|0]|2019-11-22 04:51:16.624583+00:00

15|1654216 |upload/File/Pexels_Videos_1654216_CPFVm5e.mp4|upload/First_Frame/Fram
el_IBnXLsL.png

161654216 |upload/File/Pexels_Videos_1654216.mp4|upload/First_Frame/Framel.png
17|16542i6|upload/File/Pexels_Videos_1654216.mpA|upload/First_Frame/Framel.png
sqlite>

2
© 2018 CY Lin, Columbia University



Web Interface

C  ® 127.0.0.1

/ﬁ‘ Homepage w Visualization m Gallery
About our project
Video Object Segementation Based on pixel-level annotated dataset
ch3467/Chong Hu/EE

yl4238/Yanlin Liu/EE

O https://github.com/JackSnowWolf/video-object-segmentation-STCNN

EECS 6893 Final Project

System
Video Object Segmentation Data Aims:
5 : - 2 H To support previewing uploaded video with segmented foreground object.
Goal: extracting foreground objects from video clips. — e e
Application: — Separate foreground objects with larger than 80% overlapping with

Densely Annotated Video Segmentation LUt |

X : = ground-truth on average
50 full HD video sequences Provide API for video website and simple web front-end for demo

Figure 2. Sample images in DAVIS-2016 with
annotation.”

video summarization/editing
object tracking

. : i~ (3104 i
video action detection™ pixel-accurate ground-truth data L \
e . b \
autonomous dnvmg provided for every video frame model |« preprocess pkced 1 video
etc... £ back-end { no API front-end
Contain occlusions, fast-motion, ubuntu £ acken i oty ronen e i
non-linear deformation and = t = = \ L
7 gment »| Video rendering | + 1+ Demo window 4
Figure 1. separating foreground object(s) from the background motion-blur label bk Flask/ - ik
region of avideo® Figure 3. Image Sequence Data in DAVIS-2016.” = APL:Flask
= a—— Front.end
djon
Figure 5. Simple overview diagram of system deo 1035
Introduction Data System
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Web Interface

& C ® 127.0.0.1:8000/upload/

i
/ﬁ‘ Homepage G Visualization Il Gallery

Upload a video

¢ Videoname:| plackswan

Frame:

Choose File first_mask.png

File:

[ Choose File | blackswan.mp4

upload

14
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Web Interface

< C ® 127.0.0.1:8000

i
/ﬂ‘ Homepage “ Video e Visualization Il Gallery

Rendering Video Preview Status

Video Rending: Fail
Object Tracking: ﬂ Off

VIDEO INFORMATION

Content-Type: video/mp4
Cache-Control: public
Server: Werlzeug/0.15.4 python/3.7.3

Video-Codecs: H.264

» 0:01/0:02
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Web Interface

& C ® 127001 -

i
/ﬁ‘ Homepage a Upload u Video G Visualization 1l Gallery

Cached Rendered Video Gallery

WMy

L

| |
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Visualization

Data:

Obtain the position information (x, y) of the
target object in each frame of the rendered
video, including the midpoint position,
upper left corner position, upper right
corner position, lower left corner position,
and lower right corner position of the
object’s rectangular frame.

3D scatter plot:

Describe the overall offset of the
position coordinates of the object
we are tracking, corresponding to
the motion trajectory of the object
in the video.

SR T aaa el i vagee N— — x-axis and y-axis represent the

217.879220 .034676 72.000000 353.000000 .000000 .000000 h . | d . | d
222.185448 .956246 77.000000 354.000000 .000000 .000000

229.893188 .707613 84.000000 356.000000 .000000 .000000 orizontal and vertical coordinates
242.092474 .618579 94.000000 359.000000 .000000 .000000 .

246.269106 .419715 102.000000 369.000000 .000000 .000000 of the Object.

242.950754 .974462 100.000000 381.000000 .000000 .000000

242.804330 .749247 98.000000 391.000000 .000000 .000000 . . . .
245.935857 .061572 101.000000 400.000000 .000000 .000000 Z-axXlIs repr‘ese nts t| me, 1IN un |t Of
244.924871 .883006 104.000000 412.000000 .000000 .000000 ,

244.903987 .333416 106.000000 417.000000 .000000 .000000

242.092352 .830122 106.000000 413.000000 .000000 .000000 eaCh fl"a me

240.435691 .427074 105.000000 419.000000 .000000 .000000

241,280114 .318080 109.000000 432.000000 .000000 .000000

245.479277 .397718 119.000000 433.000000 .000000 .000000

249.589315 .057948 133.000000 430.000000 .000000 .000000

252.448494 .882142 146.000000 433.000000 .000000 .000000

250.791711 .397977 150.000000 440.000000 .000000 .000000

251.163898 .106555 154.000000 450.000000 .000000 .000000

251.322119 .199169 153.000000 464.000000 .000000 .000000

252.772047 .763927 157.000000 476.000000 .000000 .000000

253.901185 .498668 159.000000 484.000000 .000000 .000000

244.602829 .192276 150.000000 490.000000 .000000 .000000

232.764329 .469868 140.000000 496.000000 .000000 .000000

226.913854 .481714 137.000000 504.000000 .000000 .000000

221.082112 .410812 137.000000 508.000000 .000000 .000000

221.757810 .296934 137.000000 499.000000 .000000 .000000

223.968242 .710576 138.000000 494.000000 .000000 .000000

219.295651 .330340 132.000000 494.000000 .000000 .000000

217.172108 .290865 126.000000 491.000000 .000000 .000000
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Visualization

First Video: Car-turn.mp4
Relatively steady object motion trajectory

18
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https://docs.google.com/file/d/1Sa8oiwKmkJCymkB1Zha0I7Y7cGIFJSLj/preview

Visualization

100

80

60

40

20

200
300
400

.2 - [ Object(Car-turn) Offset 3D Scatter Plot

Object(Car-turn) Offset 3D Scatter Plot

Sssaransititing

—&— Object-Midpoint
Object-TopLeftpoint
Object-LowerLeftpoint
Object-TopRightpoint
Object-LowerRightpoint

100
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—®— Object-Midpoint
Object-TopLeftpoint
Object-LowerlLeftpoint
Object-TopRightpoint
Object-LowerRightpoint
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Visualization

Second Video: Goat.mp4
Relatively unstable object motion trajectory

20
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https://docs.google.com/file/d/1b0ixOeImbKMdVjnI4klt6eiC3iD0dnPb/preview

Visualization

Object(Goat) Offset 3D Scatter Plot Object(Goat) Offset 3D Scatter Plot

—— Object-Midpoint
Object-TopLeftpoint
Object-LowerLeftpoint
Object-TopRightpoint
Object-LowerRightpoint

—&— Object-Midpoint
Object-TopLeftpoint
Object-LowerLeftpoint
Object-TopRightpoint
Object-LowerRightpoint
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Final Results

@ Chrome File Edit View History Bookmarks People Window Help (M 2 @ T 100% &3 Thu11:48 PM jason Q ¢

L Rendering Video X +

< C ©® 127001

g
/ﬁ‘ Homepage a Upload e Visualization 1 Gallery

Rendering Video Preview Status

Video Rending: Fail
ObjectTracking:n Off.

VIDEO INFORMATION

Content-Type: video/mp4

Cache-Control: public

Server: Werlzeug/0.15.4 python/3.7.3

Video-Codecs: H.264

22
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https://docs.google.com/file/d/1qqHiS3IsxHpaExO3RFjyiHRsiI0hcins/preview
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Thank you !
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