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UE

router switch

Cloud Server
WAN IP: 163.18.104.142

LAN IP:192.168.1.202

== g

Edge Server (on EPC)

Edge Server

WAN IP : 163.18.104.132
LAN IP:192.168.1.203



ReR & -HH(1/2)

v 1 A BE pin
Cloud | PO ITmSR000 RAMIEEE |y T
Server Ethernet Network PCIE Card 1@ i3 #FHWAN (for Internet)
CPU: i7-8559U RAM: 32 GB . vk
Edge SSD- 1 TB 15 % 2% PR E (on EPC)
Server Ethernet Network PCIE Card 1@ i@ FWAN (for Internet)
RJA5 ¢t 3+ (USB) 1B i 3 LAN (for eNB)
CPU: |7-88585[9)91RTAI\3M: 32 GB 15 eNodeB i & =
Ethernet Network PCIE Card ) N .
(embedded) 1@ it #EPCHLAN
eNB o ¥efreNB 3¢ T
USRP B210 15 LTE = 5 1o %
VERT?2450 Antenna g4 | 1% LTEBand 7(2600 MHz)
5
USB 3.0 cable 1% i # eNB &7 USRP B210




RNk -—HH2/2)

- A ik B3 p e
CPU: i5-6200U RAM: 4 GB . . ot om0 1
HDD: 500 GB i @4%eNB -~ AT -
UE
4G Dongle 1 BET o * 7 el
LTE SIM—+ 15& # ®UE® * » 220 EPC
Switch 4-port switch (legacy) 15 LANZ 4pid 3
RJA5 g e o . Edge*2% - eNB*1i%
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(. L A
OS : Ubuntu 16.04 LTS
Nginx 1.5.0
Cloud Server C Language 540
OpenCV 4.1.0
OS : Ubuntu 16.04 LTS
https://gitlab.eurecom.fr/oai/openair-cn.git
c dge Server OA"_EPC (%% p #1:2017/3/31)
Nginx 1.5.0
C Language 5.4.0
OpenCV 4.1.0
OS : Ubuntu 16.04 LTS
https://gitlab.eurecom.fr/oai/openairinterfa
eNB ce5g/tree/17b9a9e917ce2a3a8¢c7004c7h9a
OAl-eNB 221¢350ddfe17
(% # p #p:2015/8/8)
UE OS : Ubuntu 16.04 LTS
FFmpeg 2.8.17
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Cloud Server % %2 £

Cloud Server=% % 2 F(ubuntu 16.04)

1. Video Streaming Server % %
— Nginx #ix %4

2. TCP/UDP Socket % %
— C Language i %4

3. Digital Image Processing % %
—  OpenCV #x %8
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Edge Serversn=x % 2 4 (ubuntu 16.04)
1.

Edge Server %

Video Streamlng Server % #
Nginx i#x %8

TCP/UDP Socket = #
C Language # %¢

Digital Image Processing % %
OpenCV i %4

Radio Access Network % #
OAI-EPC #ic %8 » 3% 7 % H ~-01
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HuwxXF &

UE:s% 2 Z & (ubuntu 16.04)
1. ®5 /,J?ﬁ

—  FFmpeg
eNodeB% % Z F(ubuntu 16.04)

1. Radio Access Network % %
— OAI-eNB #:18 > 3+ %% § % ¥ ~-01
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Cloud Server % %

Edge Server=in% 2 Z F(ubuntu 16.04)

1. Video Streamlng Server % #
—  Nginx x4

2. TCP/UDP Socket % %
— C Language #rc %8

3. Digital Image Processing % %
—  OpenCV #r %8

15



NgInX% & (RT3 *F -1)

g% < F 4 Edit Connections

Ubuntu Desktop @ < B 3 ) 1615 %

@

Auto Ethernet

DIRECT-7c-HP M281 LaserJet
Eduroam
F437

-a nkfust-secure

=& NKUST-802.1X

More networks

»
B
D
B

Connect to Hidden Wi-Fi Network...
Create New Wi-Fi Network...

VPN Connections

+ Enable Networking
' Enable Wi-Fi

16



NgInX% & (RT3 *+ -2)

2L:E AddRTE o e

Name Last Used & Add

Close
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NgINX¥ 2 (#7356 *+ 3e-3

5% iE % Ethernet

Choose a Connection Type

Select the type of connection you wish to create.

If you are creating a VPN, and the VPN connection you wish to
create does not appear in the list, you may not have the correct VPN
plugin installed.

Ethernet

Cancel Create...
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NgInX% & (RT3 *+ -4)

2t3% Ethernet -> device 3£ 3% ¥ & i+

Editing Wired connection 1

Connection name: | Wired connection 1|

General Ethernet | 802.1x Security DCB |IPv4 Settings IPv6 Settings

Device: | F0:79:59:6A:97:3F - |
Cloned MAC address:
MTU: | automatic — + | bytes
Default [ | Phy (] Unicast [ ] Multicast
Wake on LAN: - - - )
Ignore [ | Broadcast [ | Arp || Magic

wake on LAN password:

Cancel Save
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NgINX¥ 2 (F75 *+ -5

2t:% IPv4 Settings -> Method :E # Manual
ATH| Addresses (P& p @ P 7))

Editing Wired connection 1

Connection name: | Wired connection 1

General Ethernet 802.1xSecurity DCB | IPv45ettings | IPv6 Settings

Method: | Manual -
Addresses
Address Netmask GCateway Add
163.18.104.142 24 163.18.104.254
Delete
DNS servers: ( 163.18.1.7

Search domains:
DHCP client ID:
(| Require IPv4 addressing For this connection to complete

Routes...

Cancel Save
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Nginx% % ({ #rubuntu-1)

« 3 sudo apt-get update

Foo

f437cloud@f437cloud: ~

437cloud@f437cloud:~S sudo apt-get update

sudo] password for f437cloud:

it:1 http://tw.archive.ubuntu.comf/ubuntu xenial InRelease

it:2 http://tw.archive.ubuntu.comfubuntu xenial-updates InRelease

it:3 http://tw.archive.ubuntu.comfubuntu xenial-backports InRelease

et:4 http://security.ubuntu.comfubuntu xenial-security InRelease [109 kB]

et:5 http://security.ubuntu.comfubuntu xenial-security/main amd64 DEP-11 Metada
a [86.9 kB]

et:6 http://security.ubuntu.com/ubuntu xenial-security/universe amd64 Packages

.comfubuntu xenial-security/universe 1386 Packages [

et:8 http://security.ubuntu.comfubuntu xenial-security/universe Translation-en
207 kB]
.comfubuntu xenial-security/universe amd64 DEP-11 Me

et:10 http://security.ubuntu.com/ubuntu xenial-security/multiverse amd64 DEP-11
Metadata [2468 B]

etched 1459 kB in 7s (193 kB/s)

Reading package lists... Done

437cloud@f437cloud:~S |}
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Nginx% % ({ #rubuntu-2)

$ sudo apt-get upgrade

™= E F437cloud@Fa37cloud: ~

437cloud@f437cloud:~5 sudo apt-get upgrade

sudo] password for f437cloud:

Reading package lists... Done

Building dependency tree

Reading state infermation... Done

alculating upgrade... Done

D upgraded, © newly installed, ® to remove and ® not upgraded.
437cloud@f437cloud:~5 |J
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NgInX¥ 2 (%

$ sudo apt-get install git

DE f437cloud@fa37cloud: ~

437cloud@f437cloud:~$ sudo apt-get install git

Reading package lists... Done

Building dependency tree

Reading state information... Done

he following additional packages will be installed:
git-man liberror-perl

Fuggested packages:

git)

git-daemon-run | git-daemon-sysvinit git-doc git-el git-email git-gui gitk

gitweb git-arch git-cvs git-mediawiki git-svn

he following NEW packages will be installed:

git git-man liberror-perl
B upgraded, 3 newly installed, © to remove and @ not upgraded.
leed to get 3932 kB of archives.

fter this operation, 25.6 MB of additional disk space will be used.

o you want to continue? [Y/n] vy
et:1 http://tw.archive.ubuntu.com/ubuntu xenial/main amd64 11
-1.2 [19.6 kB]

et:2 http://tw.archive.ubuntu.com/ubuntu xenial-updates/main
1:2.7.4-0ubuntul.9 [736 kB]

et:3 http://tw.archive.ubuntu.com/ubuntu xenial-updates/main
.7.4-0ubuntul.9 [3176 kB]

etched 3932 kB in 2s (1507 kB/s)
electing previously unselected package liberror-perl.
(Reading database ... 212616 files and directories currently 1

23

berror-perl all o.
amd64 git-man all

amd64 git amde4 1:

nstalled.)



Nginx% % (™ §*nginx-1.5.0)

ek C http://nginx.org/download/

* T 3'nginx-1.5.0.tar.gz

nginx-1.

LZip

.5.0.
nginx-1.5.0.tar.gz.asc
nginx-1.5.0.zip
nginx-1.5.0.zip.asc
nginx-1.5.1.tar.gz
nginx-1.5.1.tar.gz.asc
nainv_1T KB T in

24

08-Apr-2014
08-Apr-2014
07-May-2013
07-May-2013
07-May-2013
07-May-2013
04-Jun-2013

04-Jun-2013
AA- Ton- 20772

15:
15:
11:
11:
11:
11:
13:

13:
(=1 =

12

09
09
28
28
28
28
36
36

1225841
488
767147
488
1223506
488
768299
488

12274730


http://nginx.org/download/

Nginx% % (% /& nginx-1.5.0)

#-nginx-1.5.0.tar.gz % & %5 ¥/home™

Home

fHome Downloads

©® Recent

o @
Desktop Documents Downloads
il 'y &

Downloads nginx-1.5.0 Pictures Public Templates

Music

Pictures a

Videos Examples

[ Desktop

0D
dd
0]
-

Documents

Videos

Trash

Network

]

35GB Volume
54 GB Volume
Computer
FISHRE

Connect to Server

oERE B

“nainx-1.5.0" selected (containina 6 items)

25



Nginx% 2 (% Zmodule

« §$ git clone https://github.com/arut/nginx-rtmp-module.git

f437cloud@f4a37cloud: ~

437cloud@f437cloud:~S git clone https://github.com/arut/nginx-rtmp-module.git
loning into 'nginx-rtmp-module’'...

emote: Enumerating objects: 4314, done.

emote: Total 4314 (delta 0), reused 0 (delta ®), pack-reused 4314
Receiving objects: 100% (4314/4314), 3.10 MiB | 1.95 MiB/s, done.
Resolving deltas: 100% (2686/2686), done.

hecking connectivity... done.

437cloud@f437cloud:~S |
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Nginx% Z& (% £ & &

$ sudo apt-get install libssl-dev

-

f437cloud@f437cloud: ~

437cloud@f437cloud:~5 sudo apt-get install libssl-dev
sudo] password for f437cloud:
Reading package lists... Done
Building dependency tree
Reading state information... Done
he following additional packages will be installed:
libssl-doc zlibig-dev
he following NEW packages will be installed:
libssl-dev libssl-doc zlibig-dev
P upgraded, 3 newly installed, @ to remove and @ not upgraded.
Need to get 2589 kB of archiwves.
fter this operation, 10.5 MB of additional disk space will be used.
0 you want to continue? [Y/n] vy
et:1 http://tw.archive.ubuntu.com/ubuntu xenial-updates/main amd64 zlibilg-dev a
d64 1:1.2.8.dfsg-2ubuntu4.3 [167 kB]
et:2 http://tw.archive.ubuntu.com/ubuntu xenial-updates/main amd64 libssl-dev a
d64 1.0.2g-1ubuntu4.16 [1344 kB]
et:3 http://tw.archive.ubuntu.com/ubuntu xenial-updates/main amd64 libssl-doc a
1 1.0.2g-1ubuntu4.16 [1078 kB]
etched 2589 kB in 0s (5492 kB/s)
Lelecting previously unselected package zlibilg-dev:amd64.
(Reading database ... 213431 files and directories currently installed.)
Preparing to unpack .../zlibilg-dev 1%3a1.2.8.dfsg-2ubuntu4.3 amd64.deb ...
npacking zlibig-dev:amd64 (1:1.2.8.dfsg-2ubuntu4.3)

27



Nginx% % (% %&nginx-1)

ERR ﬁﬁﬁ;:‘] N
$ cd nginx-1.5.0

f437cloud@fa37cloud: ~/nginx-1.5.0

437cloud@f437cloud:~5 cd nginx-1.5.0
437cloud@f437cloud:~/nginx-1.5.05 |J

28



Nginx% % (% Z&nginx-2)

ﬁ‘gx :%ﬁg%i I E#E%Jﬁ

»  $sudo ./configure --add-module=/home/f437cloudfnginx-rtmp-
module --with-http_ssl_module --without-http _rewrite_module

M S Fa37cloud@F437cloud: ~/nginx-1.5.0

f437cloud@f437cloud:~/nginx-1.5.05 sudo ./ /configure --add-module=/home/f437cloud
/nginx-rtmp-module --with-http_ssl module --without-http rewrite module
checking for 05

+ Linux 4.15.8-112-generic xB6 64

checking for C compiler ... found

+ using GNU C compiler

+ gcc version: 5.4.0 20160609 (Ubuntu 5.4.8-6ubuntul~16.04.12)
checking for gcc -pipe switch ... found

checking for gcc builtin atomic operations ... found

checking for €99 variadic macros ... found

checking for gcc variadic macros ... found

checking for unistd.h ... found

checking for inttypes.h ... found

checking for limits.h ... found

checking for sys/filio.h ... not found

checking for sys/param.h ... found

checking for sys/mount.h ... found

checking for sys/statvfs.h ... found

checking for crypt.h ... found

checking for Linux specific features

checking for epoll ... found

checking for sendfile() ... found

checking for sendfiledd4() ... found

checking for sys/prctl.h ... found




Nginx%¥ % (% #nginx-3)

B

e $sudo make

f437cloud@f437cloud:~/nginx-1.5.05 sudo make

make -f objs/Makefile

make[1]: Entering directory '/home/f437cloud/nginx-1.5.8"
make[1]: 'objs/nginx' is up to date.

make[1]: Leaving directory '/home/f437cloud/nginx-1.5.0'

make -f objs/Makefile manpage

make[1]: Entering directory '/home/f437cloud/nginx-1.5.8'
make[1]: MNothing to be done for 'manpage’.

make[1]: Leaving directory '/home/f437cloud/nginx-1.5.08"
f437cloud@f437cloud:~/nginx-1.5.05 |}

30



Nginx% % (% %&nginx-4)

$ sudo make install

S f437cloud@F437cloud: ~/nginx-1.5.0

437cloud@f437cloud:~/nginx-1.5.05 sudo make install

ake -f objs/Makefile install

ake[1]: Entering directory '/home/f437cloud/nginx-1.5.08"

est -d 'fusrflocal/nginx' || mkdir -p 'fusr/local/nginx’

est -d 'Jusr/local/nginx/sbin’ || mkdir -p '/fusr/local/nginx/sb

nl

est ! -f "Jusr/local/nginx/sbin/nginx’ || mv 'fusrflocal/nginx/

bin/nginx' 'fusr/local/nginx/sbin/nginx.old"’

p objs/nginx 'fusrflocal/nginxf/sbin/nginx’

est -d 'Jusr/local/nginx/conf’ || mkdir -p '/fusr/local/nginx/co

.FI

p conf/koi-win '/fusr/lecal/nginx/conf’

p conf/koi-utf '/fusr/lecal/nginx/conf’

p conf/win-utf 'fusr/local/nginx/conf’

est -f 'fusrflocal/nginx/conf/mime. types' || cp conf/mime.types '/

srflocal/nginx/conf"’

p conf/mime.types 'Jusr/local/nginx/conf/mime.types.default’

est -f '"Jusr/local/nginx/conf/fastcgi params' || cp conf/fastcgi param
"fusrflocal/nginxfconf"’

p conf/fastcgi params 'fusr/local/nginx/conf/fastcgi params.default’

est -f 'fusrflocal/nginx/conf/fastcgi.conf’ || cp conf/fastcgi.conf

Jusr/local/nginx/conf"’

p conf/fastcgi.conf 'Jusr/local/nginx/conf/fastcgi.conf.default’

est -f "Jusr/local/nginx/conf/uwsgi params' || cp conffuwsgi params

31



Nginx¥ Z(i2

st A

« $sudo gedit /usr/local/nginx/conf/nginx.conf

MTFARSVB R B AR

e

%

worker_processes 2;
events {
worker_connections 1024;

¥

rtmp {
server { Server Port Number

¥

}

listen|1935;
chunk_size 4000;

applicationfmyapp |

live on; URLZ # 5=
}

application pod|[{URL# & & i<

play /nomelf437cloud/

Videos:

} i nA

32
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Nginx%¥ % (1 " nginx
B

. $ cd /usr/local/nginx/shin
 $ sdo Inginx -c /usr/local/nginx/conf/nginx.conf

fa437cloud@fa37cloud: fusrflocal/nginx/sbin

437cloud@f437cloud:~5 cd Jfusr/local/nginx/sbin

437cloud@f437cloud: fusrflocal/nginx/sbin$ sudo ./nginx -c fusr/flocalfnginx/conf
nginx.conf
437cloud@f437cloud: /usr/local/nginx/sbins |}

Mdok g 4 T RIPF 0 N & port 19351 fAk @ * o @ P 04T 4 4 ﬁi%”‘]",f

$sudo Isof -i: 1935

: [emerg] bind() to .0: failed (98: Address already i

: [emerg] bind() to 0. .0.0: failed (98: Address already i
x: [emerg] bind() to 0.0.0.0: failed (98: Address already i
x: [emerg] bind() to 0.0.0.0: failed (98: Address already i
x: [emerg] bind() to 0.0.0.0: failed (98: Address already i
x: [emerg] still could

$ sudo kill “PID”  (ex:sudo kill 2140)

COMMAND PID USER TYPE DEVICE SIZE/OFF NODE NAME
nginx 2140 root b IPv4 29207 @t@ TCP *:1935 (LISTEN)
nginx 2141 nobody b IPv4 29207 @t@ TCP *:1935 (LISTEN)

nginx 2142 nobody b IPv4 29207 @t® TCP *:1935 (LISTEN)

$ sudo ./nginx -c /usr/local/nginx/conf/nginx.conf
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NQIinX E 3% PIF#-1

$ sudo apt-get install ffmpeg

™= E F437cloud@Fa37cloud: ~

437cloud@f437cloud:~5 sudo apt-get install ffmpeg

Reading package lists... Done

Building dependency tree

Reading state information... Done

he following additional packages will be installed:
i965-va-driver libaacs® libass5 libavcodec-ffmpeg56 libavdevice-ffmpeg5s6
libavfilter-ffmpeg5 libavformat-ffmpeg56 libavresample-ffmpeg2
libavutil-ffmpeg54 libbdplus® libblurayl libbs2b® libcrystalhd3 1libdci1394-22
libflite1l libgme® 1libgsmi libmodplugl libmp3lame® libopenal-data libopenali
libopencv-core2.4v5 libopencv-imgproc2.4v5 libopenjpeg5 libpostproc-ffmpeg53
libschroedinger-1.0-8 libsdl1.2debian libshine3 libsnappyiv5 libsodiumi18
libsoxr® libssh-gcrypt-4 libswresample-ffmpegl libswscale-ffmpeg3 1libtbb2
libtwolame® libval libvdpauil 1libx264-148 1ibx265-79 libxvidcored4 libzmgs
libzvbi-common 1ibzvbi®@ mesa-va-drivers mesa-vdpau-drivers va-driver-all
vdpau-driver-all

Euggested packages:
ffmpeg-doc 1libbluray-bdj firmware-crystalhd libfglrx-amdxvbail
libvdpau-va-gll nvidia-vdpau-driver nvidia-legacy-340xx-vdpau-driver

he following MEW packages will be installed:
ffmpeg 1965-va-driver libaacs® libass5 libavcodec-ffmpeg5s6
libavdevice-ffmpegs6 libavfilter-ffmpegs libavformat-ffmpegse
libavresample-ffmpeg2 libavutil-ffmpeg54 libbdplus® libbluray1l libbszba
libcrystalhd3 1ibdc1394-22 1libflitel libgme® 1libgsml libmodplugl libmp3lame®
libopenal-data libopenall libopencv-core2.4v5 libopencv-imgproc2.4vs

34



NQINX & 3R] 38-2

x - 5+ % FLarix Broadcaster

S | arix Broadcaster

—_— Softvelum LLC

Larix Broadcaster -2:Connections;7# New connection >

163.18.104.147

#73# Name - test ~ URL : rtmp://

test
rtmp://163.18.104.142:1935/
myapp/test

Cloud Server4h48IP

35
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NQInX & 3R] 3#-3

o Larix Broadcaster % #c3k <_
Video size : 1280x720 ~ Bitrate : 5000Kbps

Video size Bitrate
1280x720 5000 Kbps

o LT 4 4 B4 BB | Cloud Server

36



NgINX & 3§ R|3#-4

e 7 Ubuntu Fﬁp T pEr B ?
$ ffplay rtmp://163.18.104.142}1935/myapp/test

Cloud Server4h8IP

@ S & rtmp://163.18.104.143:1935/myapp/test

37



Nginx# 5 i k| 38-1

Jo 82 2 22 ~ 7|/homeff437cloudfVideos p 4%

FHEE

Videos
sun.mp4 Properties
© Recent Basic | Permissions Open With Audio/Video
@ Home
OB Desktop Name: sun.mp4|
[} ‘Docuiments Type: MPEG-4 video (video/mp4)
u
Size: 294.6 MB (2,9459,7708 bytes)

v Downloads
dd Music Location: /home/f437cloud/Videos
A Pictures
e Accessed: —, A, 22202002:39:45

ideos
B oot Modified: [, A 17 202017:12:18
() rasi
Q¢ Network
[ 35GB Volume ES
54 GB Volume a
[@ computer
[® TRANSCEND -
B semRkE
B Connectto Server

ited (294.6 MB)
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Nginx# & i T iRl 33-2

bt
$ ffplay rtmp://163.18.104.142:1935/vod/sun.mp4

39



Cloud Server % %

Edge Server=in% 2 Z F(ubuntu 16.04)

1. Video Streammg Server % %
—  Nginx #c %8

2. TCP/UDP Socket % #
—  C Language #i %2

3. Digital Image Processing % %
—  OpenCV i#x %8
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C Language( § #rubuntu)

$ sudo apt-get update
$ sudo apt-get upgrade

F

f437cloud@f437cloud: ~

437cloud@f437cloud:~S sudo apt-get update

it:1 http://tw.archive.ubuntu.com/ubuntu xenial InRelease

it:2 http://tw.archive.ubuntu.comfubuntu xenial-updates InRelease

it:3 http://tw.archive.ubuntu.com/ubuntu xenial-backports InRelease

it:4 http://security.ubuntu.comfubuntu xenial-security InRelease
Reading package lists... Done

437cloud@f437cloud:~5 sudo apt-get upgrade
Reading package lists... Done

Building dependency tree

Reading state information... Done
alculating upgrade... Done

D upgraded, ® newly installed, ® to remove and ® not upgraded.
437cloud@f437cloud:~$ |}

41



C Language ¥ % (=¥ %% #-1)

st A

$ sudo apt-get install build-essential

F437cloud@Ff437cloud: ~

f437cloud@f437cloud:~5 sudo apt-get install build-essential
Reading package lists... Done
Building dependency tree

Reading state information... Done

build-essential is already the newest version (12.1lubuntu2).

@ upgraded, ©® newly installed, ©® to remove and 3 not upgraded.
f437cloud@f437cloud:~5S

42



C Language % % (=% %% £ -2)

st A

« $ sudo apt-get install libc6-dev

F437cloud@f437cloud: ~

f437cloud@f437cloud:~5% sudo apt-get install libc6-dev
Reading package lists... Done
Building dependency tree

Reading state information... Done

libc6-dev is alreaady the newest version (2.23-Oubuntull.2).

® upgraded, ©® newly installed, ©® to remove and 3 not upgraded.
f437cloud@f437cloud:~S
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C Language % (% £ % £-3)

$ sudo apt-get install libmysglclient-dev

@@ © fa37cloud@fa37cloud: ~

f437cloud@f437cloud:~5 sudo apt-get install libmysglclient-dev
Reading package lists... Done
Building dependency tree
Reading state information... Done
The following additional packages will be installed:
libmysglclient2® libssl-dev libssl-doc zlibig-dev
The following NEW packages will be installed:
libmysglclient-dev libmysqlclient2@ libssl-dev libssl-doc zlibilg-dev
® upgraded, 5 newly installed, ® to remove and 3 not upgraded.
Meed to get 4259 kB of archives.
fter this operation, 20.6 MB of additional disk space will be used.
Do you want to continue? [Y/n] y
Get:1 http://tw.archive.ubuntu.com/ubuntu xenial-updates/main amd64 libmysglclie
nt20 amd64 5.7.31-0ubuntud.16.04.1 [683 kB]
Get:2 http://tw.archive.ubuntu.com/ubuntu xenial-updates/main amd64 zlibilg-dev a
md64 1:1.2.8.dfsg-2ubuntu4.3 [167 kB]
Get:3 http://tw.archive.ubuntu.com/ubuntu xenial-updates/main amd64 libssl-dev a
md64 1.0.2g-1ubuntu4.17 [1346 kB]
Get:4 http://tw.archive.ubuntu.comf/ubuntu xenial-updates/main amd64 libmysglclie
nt-dev amd64 5.7.31-0ubuntu®.16.04.1 [986 kB]
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C Language %€ Z(ipl3&-1)

rhome P 47 A7H T A2 3
« $ gedit test.c

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <unistd.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <arpa/inet.h>
#include<mysgl/mysql.h>

int main(int arge , char *argv[])

{
printf(“test\n™);
return O;

¥
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C Language % 2 (ipl3#-2)

R RS R
« $gcc -0 test test.c
o mi¥est.c

EETA T

e $ ./test

ool — ] F437cloud@f437cloud: ~

f437cloud@f437cloud:~S gcc -o test test.c
f437cloud@f437cloud:~5

f437cloud@f437cloud:~S . /test
test
f437cloud@f437cloud:~S
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Cloud Server % %

Edge Server=in% 2 Z F(ubuntu 16.04)

1. Video Streammg Server % %
—  Nginx #c %8

2. TCP/UDP Socket % %
— C Language #rc %8

3. Digital Image Processing % %
—  OpenCV i %Y
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OpenCVx Z({ #rubuntu)

$ sudo apt-get update
$ sudo apt-get upgrade

F

f437cloud@f437cloud: ~

437cloud@f437cloud:~S sudo apt-get update

it:1 http://tw.archive.ubuntu.com/ubuntu xenial InRelease

it:2 http://tw.archive.ubuntu.comfubuntu xenial-updates InRelease
it:3 http://tw.archive.ubuntu.com/ubuntu xenial-backports InRelease
it:4 http://security.ubuntu.comfubuntu xenial-security InRelease
Reading package lists... Done

437cloud@f437cloud:~5 sudo apt-get upgrade

Reading package lists... Done

Building dependency tree

Reading state information... Done

alculating upgrade... Done

D upgraded, ® newly installed, ® to remove and ® not upgraded.
437cloud@f437cloud:~$ |}
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OpenCVx% % (% & cmake-gul

$ sudo apt-get install cmake-qgt-gui

F.

F437cloud@f437cloud: ~

437cloud@f437cloud:~$ sudo apt-get install cmake-qt-gui
Reading package lists... Done
Building dependency tree
Reading state information... Done
he following additional packages will be installed:
cmake cmake-data libjsoncppl
Fuggested packages:
codeblocks eclipse ninja-build
he following NEW packages will be installed:
cmake cmake-data cmake-gqt-gui libjsoncppil
P upgraded, 4 newly installed, ® to remove and © not upgraded.
Need to get 5209 kB of archives.

fter this operation, 25.2 MB of additional disk space will be used.
Do you want to continue? [Y/n] v

et:1 http://tw.archive.ubuntu.com/ubuntu xenial-updates/main amd64 cmake-data a
1 3.5.1-1ubuntu3 [1121 kB]
t:2 http://tw.archive.ubuntu.com/ubuntu xenial/main amdé4 libjsoncppl amd64 1.
-1

.2-1 [73.0 kB]

t:3 http://tw.archive.ubuntu.com/ubuntu xenial-updates/main amd64 cmake amd64
3.5.1-1ubuntu3 [2623 kB]

et:4 http://tw.archive.ubuntu.com/ubuntu xenial-updates/universe amd64 cmake-qgt
gui amdé4 3.5.1-1ubuntu3 [1393 kB]

etched 5289 kB in 0s (6069 kB/s)
Gelecting previously unselected package cmake-data.




D 410 ~ P 3branches 97 tags

BN BN BN BN B

OpenCV% %(™ §OpenCV)

* §OpenCV 4.1.0
&k : https://github.com/opencv/opencv/tree/4.1.0

alalek release: OpenCV 4.1.0 -

.github
3rdparty
apps

cmake

Aata

Merge pull request #12093 from CYTir

Merge remote-tracking branch 'upstrez

spelling fixes

B TH  — conis

Clone Wyith HTTPS (3)
Use Git ot checkout with SVN using the web URL.

https:/Ygithub.com/opencv/opencv.gi = [7)

) Download ZIP

Merge remote-tracking branch 'upstream/3.4" into merge-3.4 2 years ago

Crarmma maint homm Fwnn
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O irmars s

About
Open Source Comg
¢ opencv.org

opency c-plus-plus

deep-learning imag

[0 Readme

i View license


https://github.com/opencv/opencv/tree/4.1.0

OpenCVx % (%8 OpenCV)

#-0penCV 4.1.04% &

O

b @ B & ¢ O

(=7

@

Home

{2y Home

Recent

Desktop
Documents
Downloads
Music
Pictures
Videos
Trash
Network

35 GB Volume

Downloads

w

Documents

i

nginx-rtmp-module

o

Templates
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Videos
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OpenCV% % (™ f*contrib)

 $*OpenCV_contrib 4.1.0
Fe mt : https://github.com/opencv/opencv_contrib/tags

o410 4.1.0
-0~ 2c32791
alalek tagged this on Apr 8, 2019 - 450 commits to master since this tag
Compare =

OpenCV 4.1.0

E—TH
~ Asseis 2
[7) Source code (zip)
[) Source code (tar.gz)
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OpenCV=% % (f% /& contrib)

#-OpenCV_contrib 4.1.0/% /& %5 3home™

Home

firHome Pictures

®

® Recent i

Iy Desktop Desktop Documents Downloads Music
[0 Documents : : : :
~ Downloads nginx-1.5.0 nginx-rtmp-module opencv-4.1.0 opencv_conkrib-
3 Mo 4.1.0
A Pictures . E - v ﬁ
B Videos m Public Tem;;hléfes Videos
W Trash
@2 Network a

Examples
[ 35GE Vvolume
[ 54GB Volume
[ Computer
@ seEERE
]

Conneck to Server

"Pictures” selected (containing 1item)
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OpenCVE % (¥ £ kg E-1)

EETIE

« $ sudo apt-get install cmake-qt-gui

F- W

F437cloud@f437cloud: ~

f437cloud@f437cloud:~$ sudo apt-get install build-essential
[sudo] password for f437cloud:

Reading package lists... Done

Building dependency tree

Reading state information... Done

build-essential is already the newest version (12.1lubuntu2).
@ upgraded, O newly installed, ©® to remove and @ not upgraded.
f437cloud@f437cloud:~S$ |
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OpenCVE % (% % tkif E-2)

BB 2 s
« $sudo apt-get install git libgtk-3-dev pkg-config libavcodec-dev
libavformat-dev libswscale-dev

F.. W

F437cloud@f437cloud: ~

f437cloud@f437cloud:~$ sudo apt-get install git libgtk-3-dev pkg-config libavcod
ec-dev libavformat-dev libswscale-dev

Reading package lists... Done

Building dependency tree

Reading state information... Done

pkg-config is already the newest version (0.29.1-0ubuntul).

git is already the newest version (1:2.7.4-0ubuntul.9).

The following additional packages will be installed:
autotools-dev debhelper dh-strip-nondeterminism libatk-bridge2.8-dev
libatk1l.0-dev libatspi2.@-dev libavutil-dev libcairo-script-interpreter2
libcairo2-dev libdbus-1-dev libdrm-dev libegll-mesa-dev libepoxy-dev
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OpenCVE % (¥ % tkif E-3)

BB 2 s

« $sudo apt-get install python3-dev python3-numpy libtbb2 libtbb-
dev libjpeg-dev libpng-dev libtiff-dev libjasper-dev libdc1394-22-
dev

F- W

fF437cloud@f437cloud: ~

f437cloud@f437cloud:~S sudo apt-get install python3-dev python3-numpy libtbb2 11
btbb-dev libjpeg-dev libpng-dev libtiff-dev libjasper-dev 1libdc1394-22-dev
[sudo] password for f437cloud:

Reading package lists... Done

Building dependency tree

Reading state information... Done

Note, selecting 'libpngi2-dev' instead of 'libpng-dev’

Note, selecting 'libtiff5-dev' instead of 'libtiff-dev’

libtbb2 is already the newest version (4.4~20151115-8ubuntu3).
libtbb2 set to manually installed.

libpngi12-dev is already the newest version (1.2.54-1ubuntuil.1).
libpngl2-dev set to manually installed.

The following additional packages will be installed:
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OpenCVX% %&£ (2& = build p 4x)

BB 2 s
$ cd opencv-4.1.0/
$ mkdir build

M S 3 f437cloud@f437cloud: ~/opencv-4.1.0

f437cloud@f437cloud:~$ cd opencv-4.1.0/
f437cloud@f437cloud:~/opencv-4.1.0S mkdir build
f437cloud@f437cloud:~/opencv-4.1.05 |j
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OpenCV=% % (2 = Makefile-1)

EETIE

 $ sudo cmake-gui

f437cloud@f437cloud:~5 sudo cmake-gui
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OpenCV=% % (2 = Makefile-2)

AV E 28
source code P 4% 5 /homefyour-namejopencv-4.1.0

binarires P 4% % /home/your-name/opencv-4.1.0/build

CMake 3.5.1 - fhomeff437cloudfopencv-4.1.0/build
File Tools Options Help

Where is the source code: | /home/f437cloud/opencv-4.1.0 Browse Source...
Where to build the binaries: f437cloud/opencv-4.1.0/build | + | | Browse Build...
Search: Grouped Advanced | gp Add Entry

Name Value
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OpenCV = % (2 = Makefile-3)

gL:% Add Entry

« Namez ¥ PYTHON_DEFAULT _EXECUTABLE

o Typez % FILEPATH

o Va|ue—:‘;;: T’i/usr/bin/pythons.S Where is the source code: | /home/f437cloud/opencv-4.1.0 | Browse Source...

Where to build the binaries: [f437cloud/opencv-4.1.0/build | = | Browse Build...

Search: Grouped Advanced | gk Add Entry
Name Value
x Add Cache Entry
Name: PYTHON_DEFAULT EXECUTABLE
Type: FILEPATH -
Value: [Jusr,ibin!py‘thonB.El
Description:
Cancel

Press Configure to update and display new values in red, then press Generate to

60



OpenCVx # (2 = Makefile-4

viaKe

,i‘«?{'—. 3:5 COngifure File Tools Options Help

Where is the source code: | /home/f437cloud/opencv-4.1.0 | Browse Source... |

Where to build the binaries: [f437cloudfopencv-4.1.0/build = | Browse Build... |

search: | | Grouped Advanced |dp Add Entry | 0

Name Value

Press Configure to update and display new values in red, then press Generate to
generate selected build files.

| Configure | Generate | Current Generator: Unix Makefiles
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OpenCVx # (2 = Makefile-

¥ OPENCV_GENERATE_PKGCONFIG

# OPENCV_EXTRA _MODULES PATH » & »
/homefyour-name/opencv_contrib-4.1.0/modules/

Where is the source code: fhomeifa37cloudfopencv-4.1.0

Browse Source...

1/J\E’J E fﬁ:%*" Where to build the binaries: f437cloud/opencv-4.1.0/build | - Browse Build...
Search: Grouped Advanced | gp Add Entry
Mame Value =

MEL_INCLUDE_DIRS
MKL ROOT_ DIR
MKL_WITH OPENMP
MKL WITH TEB

OGRE_DIR OGRE_DIR-NOTFOUND
OPENCL_FOUND ol

OPENCW_ CONFIG_FILE INCLUDE_DIR fhomeffa37cloudfopency-4.1.0/build
OPENCY_DMM_OPEMCL L

OPENCY_DOWRNLOAD_PATH
DPENCV DUMP_HOOKS_FLOW

MEKL_ROOT_DIR-NOTFOUND/include
MEL_ROOT_DIR-MOTFOUND

fhomeff437cloudfopencv-4.1.0/.cac...

/homeff437cloud/opency_contrib-4... |

DPENCV_]AVA SOUHCE UEHSION
OPENCW_JAVA TARGET VERSION
OPENCV_PYTHOM3_VERSION
OPENC"u"_TI MESTAMP
OPENCV_WARMINGS_ARE_ERRORS
OPENEXR_INCLUDE_PATH

2020-09-10T15:22:53F

OPENEXR_INCLUDE PATH-NOTFOU... -

Press Configure to update and display new values in red, then press Generate to
generate selected build files.
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OpenCV = % (2 = Makefile-6)

8l :% Generate > 4 = Makefile

OGRE_DIR OGRE_DIR-MOTFOUMND
OPENCL_FOUND v

DPENCV COMFIG_FILE_INCLUDE_DIR fhomeffa37cloud/opencw-4.1.0/build
OPENCWY DNN_OPENCL o

OPENCY_DOWMNLOAD PATH fhomeffa37cloudfopencw-4.1.0/.cac...

OPENMCY_DUMP_HOOKS_FLOW
OPENCYV_ENABLE_MNOMNFREE

OPENCY_EXTRA_MODULES _PATH fhomeffa37cloudfopencv_contrib-4...
OPENCYV_FORCE_SRDFPARTY_BUILD

DF‘ENC'U’ GENERATE PKGCONFIG o

OPENCW_GEMERATE_SETUPVARS v

DPENC'U’_]AVA SOURCE _VERSION
OPENCY |AVA TARGET VERSION
OPENCY_PYTHON3 VERSION

OPENCY TIMESTAMP 2020-09-10T15:22:53L
OPENCW_WARNINGS_ARE_ERRORS
DPENE?CR INCLUDE_ PATH OFENEXR_INCLUDE _PATH-NOTFOU... |+

Press Configure to update and display new values in red, then press Generate to
generate selected build files.

Configure Generate | Current Generator: Unix Makefiles |
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OpenCV=x £ (%3:#FO0penCV)

BB 2 s
 $ cd opencv-4.1.0/build
« $sudo make -j4

=

f437cloud@f437cloud: ~fopencv-4.1.0/build
f437cloud@fd437cloud:~$ cd opencv-4.1.0

e

f437cloud@f437cloud: S cd build
f437cloud@fa37cloud: $ sudo make -j4

Built target gen-pkgconfig
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OpenCVx % (% £0penCV-1)

$ sudo make install

Foo

f437cloud@f437cloud: ~fopencv-4.1.0/build

f437cloud@f437cloud:~/opencv-4.1.0/buildS sudo make install
[sudo] password for f437cloud:

0%] Built target gen-pkgconfig

5%] Built target libwebp

8%] Built target IlmImf

9%] Built target ippiw

13%] Built target libprotobuf

14%] Built target quirc

14%] Built target ittnotify

15%] Built target ade

15%] Built target opencv_videoio plugins

15%] Built target opencv_core pch _dephelp

15%] Built target pch_Generate_opencv_core
20%] Bullt target opencv_core
20%] Built target opencv _perf core pch dephelp
20%] Built target opencv_test core pch dephelp
20%] Built target opencv_ts pch _dephelp
20%] Built target pch_Generate opencv_ts

Built target opencv imgproc pch dephelp

[
[
[
[
[
[
[
[
[
[
1
[
[
[
[
[
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OpenCVx % (% £0penCV-2)

EETIE

$ sudo Idconfig

f437cloud@f437cloud:~/opencv-4.1.0/build$ sudo ldconfig
f437cloud@f437cloud:~/opencv-4.1.0/builds |
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OpenCVXx & (% Epkg# »

 $ pkg-config --cflags --libs opencv4

M S5 F437cloud@F437cloud: ~

f437cloud@f437cloud:~S pkg-config --cflags --1libs opencv4
-I/usr/local/include/opencv4fopencv -Ifusr/local/include/opencv4 -Ljfusrflocal/1li
b -lopencv_gapi -lopencv_stitching -lopencv surface matching -lopencv _structured
~light -lopencv_saliency -lopencv _ccalib -lopencv fuzzy -lopencv xfeatures2d -lo
pencv_bgsegm -lopencv_dnn_objdetect -lopencv hfs -lopencv _dpm -lopencv _phase unw
rapping -lopencv_xphoto -lopencv _reg -lopencv_xobjdetect -lopencv_aruco -lopencv
_bioinspired -lopencv_img hash -lopencv_videostab -lopencv_shape -lopencv_superr
es -lopencv _optflow -lopencv ximgproc -lopencv _quality -lopencv line descriptor

-lopencv_face -lopencv_objdetect -lopencv _photo -lopencv_stereo -lopencv_trackin
g -lopencv_video -lopencv_datasets -lopencv_text -lopencv_dnn -lopencv_plot -lop
encv_ml -lopencv_freetype -lopencv _rgbd -lopencv_calib3d -lopencv features2d -lo
pencv_highgui -lopencv_videoio -lopencv_imgcodecs -lopencv_imgproc -lopencv_flan
In -lopencv_core

f437cloud@fa37cloud:~$ |J
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#73 OpenCV 4z 3¢

OpenCVip]i#-1

$ gedit test.cpp

#include <opencv2/core.hpp>
#include <opencv2/videoio.hpp>
#include <opencv2/highgui.hpp>
using namespace cv;
using namespace std;
int main (int argc, char** argv) {
Mat frame;
VideoCapture cap;
llcap.open(0); // . 7+ & & kikd T roaip & eEdp B
llcap.open("'~/test.mp4™); /| % 7 4§ & cofe T 8 LA
cap.open("rtmp://163.18.104.142]1935/myapp/test™); // % - i§ * **
F5 B m e 2o URLE: N S(RrasiPport/i s & 1 % 4 4L

while (1) { video streaming server £31P
if('cap.read(frame)) {// # 2~% w
waitKey();
return -1;
¥

imshow("My Video", frame); // ¥ 7+ & &
if (waitKey(1) >=0)
break;
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OpenCVip|3g-2

Y 3#0penCV#z ;%

« $sudo g++ -g -Wall -std=c++11 test.cpp -o test pkg-config --
cflags --libs opencv4

f437cloud@f437cloud: ~

f437cloud@f437cloud:~5 sudo g++ -g -Wall -std=c++11 test.cpp -o test “pkg-config
--cflags --1libs opencv4’

f437cloud@f437cloud:~$ |
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OpenCV p| -3

#, {7 OpenCV#z_ ;"
« $./test




UE % %

Outline
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Edge Server % (% &

Edge Serverenz % 2 4<(ubuntu 16.04)
1. Video Streaming Server = %
—  Nginx #x%8 > 3%+ Cloud Server= %

2. TCP/UDP Socket % #
— C Language # %8 > :# %= Cloud Server= %

3. Digital Image Processing % %
—  OpenCV #i %8 - 3%+ Cloud Server% 3%

4. Radio Access Network = %
— OAI-EPC #ic#8 > 3% 7 % H ~-01
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UE % %

Outline
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UEX%

UE % % Z F(ubuntu 16.04)
1. BT
—  FFmpeg
ERER 1‘}3@1

« $ sudo apt-get install ffmpeg

F437@F437-HP: ~

~$ sudo apt-get install ffmpeg
Reading package lists... Done
Building dependency tree
Reading state information... Done
Suggested packages:
ffmpeg-doc
The following NEW packages will be installed:

el
@ upgraded, 1 newly installed, © to remove and 473 not upgraded.
Need to get O B/1289 kB of archives.
After this operation, 1900 kB of additional disk space will be used.
Selecting previously unselected package ffmpeg.
(Reading database ... 254734 files and directories currently installed.)
Preparing to unpack .../ffmpeg 7%3a2.8.17-0ubuntu®.1 amdé4.deb ...
Unpacking ffmpeg (7:2.8.17-8ubuntu®.1)
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W)

UE_} &8 5 plid-1

AN ¢
u
-u\-

# £xCloud Serverg:+ B 7w PRI*

MArk 3 2 T R

EETTE

$ cd /usr/local/nginx/shin
$ sudo ./nginx -c /usr/local/nginx/conf/nginx.conf

f437cloud@f437cloud: fusr/local/nginx/sbin
437cloud@f437cloud:~5 cd fuqrilocal}nQInqubln

437cloud@f437cloud: fusr/localfngi in$ sudo ./nginx -c Jfusr/local/nginx/conf
nginx.conf
437cloud@f437cloud: fusrflocal/fnginx/sbin

$ SUdO Isof _|1935 inx: [emerg] bind() to ©.0.0.0:1935 failed (98: Address already i

x: [emerg] bind() to ©.0. :1935 failed (98: Address already i

x: [emerg] bind() to ©.0. :1935 failed (98: Address already i
: [emerg] bind() to ©.0. :1935 failed (98: Address already i
: [emerg] bind() to ©.0.0.0:1935 failed (98: Address already i
: [emerg] still coul (

$ sudo kill “PID”  (ex:sudo kill 2140)

CDHHHND PID USER TYPE DEVICE SIZE/OFF NODE NAME
2140 root IPv4 29207 @t® TCP *:1935 (LISTEN)
2141 nobody IPv4 29207 @t® TCP *:1935 (LISTEN)

2142 nobody IPv4 29207 @t® TCP *:1935 (LISTEN)

$ sudo ./nginx -c /usr/local/nginx/conf/nginx.conf
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UE_} &8 % jp23g-2

UE F @ CIOUd Server Cloud ServerlP

3 ffmpeg -re -i /dev/videoO -r 10 -g:v 15 -f flv rtmp://163.18.104.142,
1935/myapp/test

% FPS : -r 30 (FPS=30)

% 4 fgr -qv1(1% 7 545 0 305 £)
R & 1|V,

\ ﬂ

B

AwN e
A
| =

J(
A% rtmp://163.18.104.132:1935/myapp/test

FA3T@F437: ~
f437@f437:~5 ffmpeg -re -1 fdev/fvideo® -r 10 -q:v 10 -f flv rtmp://163.18.1604.14
2:1935/myapp/test
ffmpeg version 2.8.17-0ubuntu®.1 Copyright (c) 2000-20620 the FFmpeg developers
built with gcc 5.4.0 (Ubuntu 5.4.0-6ubuntul~16.84.12) 20160609
configuration: --prefix=fusr --extra-version=0ubuntu®.1 --build-suffix=-ffmpeg

--toolchain=hardened --libdir=fusr/1lib/x86 64-linux-gnu --incdir=/usrfinclude/x
86 64-linux-gnu --cc=cc --cxXX=g++ --enable-gpl --enable-shared --disable-strippi
ng --disable-decoder=1libopenjpeg --disable-decoder=1ibschroedinger --enable-avre
sample --enable-avisynth --enable-gnutls --enable-ladspa --enable-libass --enabl
e-libbluray --enable-1libbs2b --enable-libcaca --enable-libcdio --enable-libflite

--enable-libfontconfig --enable-libfreetype --enable-libfribidi --enable-libgme
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UE*+ B %

« 7 UEEz Cloud Server} ﬁig.] »TEFdg 4
 $ffplay rtmp://163.18.104.142

Y —Xo

Cloud Server=IP

rtmp://163.18.104.143:1935/myapp/test
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1935/myapp/test




