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v H- L] A
OS : Ubuntu 16.04 LTS
Cloud Server Nginx 1.5.0
OpenCV 4.1.0
OS : Ubuntu 16.04 LTS
https://gitlab.eurecom.fr/oai/openair-cn.git
Edge Server OAI-EPC (3 % p #p:2017/3/31)
Nginx 1.5.0
OpenCV 4.1.0
OS : Ubuntu 16.04 LTS
https://gitlab.eurecom.fr/oai/openairinterfa
eNB ce5g/tree/17b9a9e917ce2a3a8c7004c7h9a
OAI-eNB 221¢350ddfe17
(7 # p #:2015/8/8)
UE OS : Ubuntu 16.04 LTS
y FFmpeg 2.8.17
UE OS : Ubuntu 16.04 LTS
© FFmpeg 2.8.17
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Cloud Server % %2 £

 Cloud Serversn= % % F(ubuntu 16.04)

1.Video Streaming Server % %
— Nginx #x#8 » 3755 F &= H ~-02

2. Digital Image Processing % %
— OpenCV ## » 555 7 & H ~-02

3. TCP/UDP Socket % %
— ClLanguage #x# » 3755 ¥ & H ~-02

4. Cloud#z ;% 75
— A '3‘9\‘&7 g i\‘



Edge Server % %

« Edge Serversnz % 2 ﬂ‘»(ubuntu 16.04)

1.Video Streaming Server
— Nginx #ic %8 > ’fg—x—“”ﬁ*" % H = -02

2. Digital Image Processing % %
— OpenCV #ic#8 > 555+ 7 % H ~-02

3. TCP/UDP Socket % %
— Clanguage #x#8 » 3553 7 &% H ~-02

4.Radio Access Network % %
— OAI-EPC #c%8 » 54 7 % H ~-02

5. Edge#% ;' &

— 2 IE "i"i‘ﬂy KIT%‘T i\‘ 12



UEeh% X5 &

« Edge UE=% % Z F(ubuntu 16.04)
1.FFmpeg % %
— FFmpeg % > 557 § % H ~-02

« Cloud UE# =% % % F(ubuntu 16.04)
1. FFmpeg % %
— FFmpeg # %8 » 5%+ 7 % H ~-02
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Cloud Server #g3% 2 :2-1

= §Cloud.zipA" f2 R 45
https://drive.google.com/drive/folders/1uljnvdO9FKkSSTqVSu
CYH45y30yDDI4qH?usp=sharing

i2 zzCloud.cpp 7 #include <tine.hs

8 #include <iostream=
— on L . 9 #include <stdio.h>
T WL £ dg S 10 #include <unistd.h=
22 fr 1z et = Edge Server IP 11 #include <stdlib.hs>
12 #include <time.h=
13 #include <vector=
14
15 #include <string.h=
16 #include <sys/types.h=>
17 #include <sys/socket.h=>
18 #include <petinet/in.h=>
19 #include <netdb.h=
20 #include<sys/time.h>
1 Edge Server IP
22 #define SERVER_IP|"163.18.104.132"[/Edge Server IP
23 #idefine PORT 7200
24 #define FRAME_WIDTH 640
25 #define FRAME_HEIGHT 480
26 #define t_d 1

15



Cloud Server #g.3\ i

« 12 :zCloud.cpp
e 77 13z = Cloud Server IP

69 VideoCapture capture,capture bk;
70

71 vector=vector=Point> = contours;
72 vector<Vecd4i> hierarchy;

l/ 2 C-2

73

74 Mat image,im in,im _1in1,im d,image bk,mask t,cameraFeed,background;

75 int 1i;

76 //capture.open(0): Cloud Server IP

77 const std::string videoStreamAddress = "rtmp:/]163.18.104.144:1935/myapp/test";
UE frame (object)

78

79

80 //const std::string videoStreamAddress2 = "test.mp4";

81

g2 if((!capture.open(videoStreamAddress))) {

83 std::cout << "Error opening video stream or file" << std::endl;

84 return -1;

85 }

86 /* if((!capture_bk.open(videoStreamAddress2))) {

87 std::cout << "Error opening video stream or file" << std::endl;

88 return -1;

16
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Cloud Server #2.;% %%

4#3¥Cloud.cpp#z 7
« $sudo g++ -g -Wall -std=c++11 Cloud.cpp -o cloud "pkg-config --
cflags --libs opencv4" -Ipthread

@S & F437cloud@f437cloud: ~/cloud

f437cloud@f437cloud:~/clouds g++ -g -Wall -std=c++11 cloud.cpp -o cloud 'pkg-con
fig --cflags --libs opencv4® -l1lpthread
cloud.cpp: In function ‘int main(int, char**)’:
cloud.cpp:145:15: warning: comparison between signed and unsigned integer expres
sions [-Wsign-compare]

for(int i=0;i<contours.size();++1i)

Y

cloud.cpp:36:23: warni

{ int sockfd, portno,

‘n’ [-Wunused-variable]

g: unused variable ‘n

9
n, imgSize, IM_HEIGHT, IM_WIDTH;
”A
g
n

g: unused variable ‘IM_HEIGHT’ [-Wunused-variable]

cloud.cpp:36:35: warning
, imgSize, IM _HEIGHT, IM_WIDTH;
.y

{ int sockfd, portno,

cloud.cpp:36:46: warning: unused variable ‘IM_WIDTH’ [-Wunused-variable]
{ int sockfd, portno, n, imgSize, IM_HEIGHT, IM_WIDTH;
.

cloud.cpp:37:7: warning: unused variable ‘buffer’ [-Wunused-variable]
char buffer[1824];
A

cloud.cpp:75:11: warning: unused variable ‘i’ [-Wunused-variable]
int i;
A

f437cloud@f437cloud:~/clouds |}

17



Edge Server #g.3% i3

T §ledge.zipi fE R 45

2r-1

https://drive.google.com/drive/folders/1uljnvdO9FKkSSTqVSu
CYH45y30yDDI4qH?usp=sharing

i3 :zEdge.cpp
18 {7 i3 := = Edge Server IP

5 #include <netinet/in.h=>
6 #include <arpa/inet.h=>
7 #include <unistd.h=>

8 #include =<stdlib.h=>

9 #include<string.h=

10 #include <sys/time.h=
11 //pthread

12 #include<pthread.h>

13 #include<semaphore.h>
14 #include<time.h=

15

16 #define NUM_THREADS 2

17 #define MSIZE 1024 Edge Server IP

18 #define SERVER_IP|"163.18.104.132" |//Edge Server IP
19

20 #define PORT 7200
21 #define BUFF_LEN 10824

22 #define FRAME_WIDTH 640
23 #define FRAME_HEIGHT 480

18



Edge Server #g.3% i3

« 937 1% :x = Edge Server IP

89

98 cv::VideoCapture vcap,vcap2;

91 1int count=1;

92 1int count t = 1;

93 const std::string videoStreamAddress =
frame (background)

94 J/ const std::string videoStreamAddress2

95 // const std::string videoStreamAddress2

96

97 Mat background;

o8

99

160

161

102 if((!vcap.open(videoStreamAddress))) {

IIr

2L-2

Edge Server IP

tmp://J163.18.104.132:

"cloud.mp4";
"cameral.mp4";

1935/myapp/test"; //Edge UE

163 std::cout << "Error opening video stream or file" << std::endl;

104 return -1;
105 }

19



Edge Server #2;% %3

Y %Edge.cppiz st
« $sudo g++ -g -Wall -std=c++11 Edge.cpp -0 edge pkg-config --
cflags --libs opencv4" -Ipthread

O¢ F437epc@Ff437epc: ~fedge
f437epc@f437epc:~/edge$ g++ -g -Wall -std=c++11 edge.cpp -o edge 'pkg-config --c
flags --1ibs opencv4®™ -lpthread
edge.cpp: In function ‘“int main(int, char¥*%*)’:
ning: unused variable ‘resi1” [-Wunused-variable]

ning: unused variable ‘ki1’ [-Wunused-variable]
int resi,ki;
F.Y

.Cpp:54:16: warning: unused variable “a_thread’ [-Wunused-variable]
pthread t a_thread[NUM_THREADS];
A

.Cpp:55:12: warning: unused variable ‘thread_result’ [-Wunused-variable]

void *thread_result;
A

.Ccpp:56:10: warning: unused variable ‘lots_of_threads’ [-Wunused-variable]

int lots_of_threads;
A
edge.cpp:60:35: warn : unused variable “n’ [-Wunused-variable]
int sockfd, news d, portno, n, imgSize, bytes=0, IM HEIGHT, IM WIDTH;;
.

edge.cpp:60:56: wa : unused variable “IM_HEIGHT’ [-Wunused-variable]
int sockfd, newsockfd, portno, n, imgSize, bytes=8, IM HEIGHT, IM WIDTH;;
A

20
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. Cloud UE#-% & @ :% $|Cloud Server - Edge UE#-% & & :% $|Edge Server

- (Cloud UE) =—> (Cloud Server) ﬂ (Edge UE) ——> (Edge Server)

. Cloud Server#-Cloud UEn3 & #adgB~

- (Cloud Server) ——> -

. Cloud Server i# % (socket)#g B~ & 114~ i+ $]Edge Server

(Cloud Server) =—> (Edge Server)

. Edge Server#-# i e2Edge UEs 3 & #A & A

- (Edge Server) + S(Edge Server) =——> m

. Edge UE# 3 & & 18 e0F o

j (Edge Server) =—> j (Edge UE)



Cloud#z 3" 3P -1

1. 3% * socket

struct sockaddr_in serv_addr;

struct hostent *server;

portno = PORT;

sockfd = socket(AF_INET, SOCK_STREAM, 0);

if (sockfd < 0) error("ERROR opening socket");

server = gethostbyname(SERVER_IP);

if (server == NULL) {
fprintf(stderr,"ERROR, no such host\n"]);
exit(0);

bzero((char *) &serv_addr, sizeof(serv_addr));
serv_addr.sin_family = AF_INET;
bcopy((char *)server->h_addr,
(char *)&serv_addr.sin_addr.s_addr,
server->h_length);
serv_addr.sin_port = htons(portno);
if (connect(sockfd,(struct sockaddr *) &serv_addr,sizeof(serv_addr)) < 0)
//error("ERROR connecting”);
return -1;

23




Cloud#g3" 3L -2

2. {7 3|Cloud UEsh g &

Mat image,im_in,im_ini1,im_d,image bk,mask t,cameraFeed,background;

int i;

J//capture.open(@);

const std::string videoStreamAddress = "rtmp://163.18.104.142:1935/myapp/test"; f/Cloud UE frame (object)

J//const std::string videoStreamAddress2z = "test.mp4";
if((!capture.open(videoStreamaAddress))) {

std::cout << "Error opening video stream or file" << std::endl;
return -1;

24




Cloud#g.z\ P -

3. #Cloud UEthd & paEs~

---------------- extration_start
cvtColor(image, im_in, CV_RGB2GRAY);
im_in1 = image;
Mat im_th;
threshold(im_in, im_th, 220, 255, THRESH_TRIANGLE);
Mat im_floodfill = im_th.clone();
floodFill(im_floodfill, cv::Point(®,0), Scalar(255));
Mat im_floodfill_inv;
bitwise_not(im_floodfill, im_floodfill_inv);// (not A , B)
imshow("Foregroundgray"”, im_in1);

Mat im_out = (im_th | im_floodfill_inv );

Mat im_out2 ;

image.copyTo(im_out2,im_floodfill_inv); //C = A & B
findContours(im_floodfill_inv,contours,hierarchy,RETR_EXTERNAL,CHAIN_APPROX_NONE);
vector<vector<Point> > contoursi;
for(int i=0;i<contours.size();++1)
{

if(contours[i].size()>200)

contoursi.push_back(contours[i]);

Mat mask(image.size(),CV_8U,Scalar(0));

Mat mask_inv;
drawContours(mask,contours,-1,Scalar(255),FILLED);
imshow("mask" ,mask);

Mat object;
image_bk.copyTo(object,mask);

imshow("object",object);

25




Cloud#g 3" 3P -4

o
)\ J

4, 19 ;

(

FB~1s ende i 3L Edge Server

cameraFeed.rows = object.rows;
cameraFeed.cols = object.cols;
resize(object, cameraFeed, Size( FRAME WIDTH, FRAME HEIGHT ));

imgSize=cameraFeed.total()*cameraFeed.elemSize();

send(sockfd, cameraFeed.data, imgSize, 0);

26



Edgefg s B -1

1. z% * socket

socklen_t clilen;

char buffer[2560];

struct sockaddr_in serv_addr, cli_addr;
Mat img;

sockfd=socket(AF_INET, SOCK_STREAM, 0);
if(sockfd<0) error("ERROR opening socket");

bzero((char*)&serv_addr, sizeof(serv_addr));
portno = PORT;

serv_addr.sin_family=AF _ INET;
serv_addr.sin_addr.s_addr=inet_addr(SERVER_IP);
serv_addr.sin_port=htons(portno);

if(bind(sockfd, (struct sockaddr *) &serv_addr,
sizeof(serv_addr))<0) error("ERROR on binding");

listen(sockfd,5);
clilen=sizeof(cli_addr);

newsockfd=accept(sockfd, (struct sockaddr *) &cli_addr,
if(newsockfd<@) error("ERROR on accept");

int sockfd, newsockfd, portno, n, imgSize, bytes=0, IM HEIGHT, IM_WIDTH;

&clilen);

27




Edgefzzv F.FE -2

2. ¥ 3 Edge UEe3 &

cv::VideoCapture vcap,vcap?;
int count=1;
int count t = 1;

const std::string videoStreamAddress = "rtmp://163.18.104.132:1935/myapp/test";

"cloud.mp4";

// const std::string videoStreamAddress2
"cameral.mp4";

// const std::string videoStreamAddress2z

Mat background;

if((!vcap.open(videoStreamaddress))) {
std::cout << "Error opening video stream or file" << std::endl;

return -1;

//Edge UE frame (background)

28




Edgefg.3" P -3

3. #4228 R d Cloud Server$gs~13 e~ i

uchar sock[3];

Mat img = Mat::zeros(FRAME_HEIGHT, FRAME WIDTH, CV_8UC3);
imgSize = img.total()*img.elemSize();
uchar sockData[imgSize];

for(int 1=0;1<imgSize;i+=bytes)
if ((bytes=recv(newsockfd, sockData+i, imgSize-i1,0))==-1) error("recv failed");

Mat object ;

object = Mat::zeros(FRAME_HEIGHT, FRAME_WIDTH, CV_8UC3);

int ptr=0;

0 e B

for(i=0;1<img.rows;++1)

for(j=0;j<img.cols;++j)

{

object.at<Vec3b>(i,j) = Vec3b(sockData[ptr+@],sockData[ptr+1],sockData[ptr+2]);
ptr=ptr+3;

imshow( "object"”, object );

29



Mat overlay;

overlay = Mat::zeros(FRAME_HEIGHT, FRAME_WIDTH, CV_8UC3);
ptr =0;

for(i=0;i<overlay.rows;++i)

for(j=0;j<overlay.cols;++j)

if((object.at<vec3b>(1,j)[0]!=0)]||(object.at<Vec3b>(1,j)[1]!=0)]](object.at<Vec3b>(1,j)[2]!=0))
overlay.at<Vec3b>(1,j) = Vec3b(object.at<Vec3b>(i,j)[0],object.at<Vec3b>(i,j)[1],object.at<Vec3b>(1,j)[2]);//pixel to pixel

else

overlay.at<Vec3b>(i,j) = Vec3b(background.at<Vec3b>(i,j)[0],background.at<Vec3b>(1i,j)[1],background.at<Vec3b>(i,j)[2]);
//printf("%d %d %d\n",object.at<Vec3b>(i,j)[0],0object.at<Vec3b>(i,j)[1],0object.at<Vec3b>(1,j)[2]);

ptr=ptr+3;

imshow( "overlay", overlay );
imwrite("overlay.jpg", overlay);

30
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OAI:E 7 (Bx# EPC#2.5%)
e

 cd ~/openair-cn/scripts
e ./run_hss

FRc— B ATEDM SR8 > T8 gy
 cd ~/openair-cn/scripts
e ./run_mme

FRc— I RTEDR S8 > T8 gy
« cd ~/openair-cn/scripts
« ./run_spgw



OAIE 7 (kx#eNB#Z ;%)

PeNBeg Pt » ¥ r%%%ﬁ%] »
« $ cd ~/openairinterface5g/cmake_targets/lte_build_oai/build

« $sudo -E ./lIte-softmodem -O ~/openairinterface5g/targets/PROJEC
TS/GENERIC-LTE-EPC/CONF/enb.band7.tm1.usrpb210.conf -d
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R ExVideo Streaming Server-1

R £z Cloud ServerVideo Streaming Server
 $ cd /usr/local/nginx/shin
« $sudo ./nginx -c /usr/local/nginx/conf/nginx.conf

F W

F437cloud@F437cloud: fusrflocal/nginx/sbin

f437cloud@f437cloud:~5 cd fusrflocal/nginx/sbin

f437cloud@f437cloud: fusrf/local/nginx/sbin$ sudo ./nginx -c Jusr/flocal/nginx/conf
/fnginx.conf

[sudo] password for f437cloud:

f437cloud@f437cloud: fusr/local/nginx/sbin$ |}

36



R ExVideo Streaming Server-2

R £z Edge Server=Video Streaming Server
 $ cd /usr/local/nginx/shin
« $sudo ./nginx -c /usr/local/nginx/conf/nginx.conf

F437epc@Ffa37epc: fusrflocal/nginx/sbin

f437epc@fd437epc:~S cd fusrflocal/nginx/sbin

f437epc@fd437epc: fusr/local/nginx/sbin$ sudo ./fnginx -c fusr/local/nginxfconf/ngi
nx.conf

[sudo] password for f437epc:
f437epc@fa3zepc:/usr/local/nginx/sbin$ |

37



#, {7 #2375 -Edge Server

#, 7 Edge#z ;¢
« $cd ~/edge
« $ ./edge

- - -

f437epc@f437epc: ~fedge
f437epc@f437epc:~/edges ./edge

38



#, 7 #2354 -Cloud Server

#, 7 Cloud#z 3
« $cd~/cloud
« $ ./cloud

@S @ fa37cloud@Ffa37cloud: ~/cloud
f437cloud@f437cloud:~/cloudS . /cloud

39



UE.+ &%

UEC*‘ ;i‘_; CIOUd Server Cloud ServernIP

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

K 2 FPS : -r 30 (FPS=30)

;}:7"%?’ -Q:v1 (1% 7 4 > 308 £)

: -fflv

B ﬁi%] A% rtmp://163.18.104.132:1935/myapp/test

FA37@F437: ~
f437@f437:~5 ffmpeg -re -i fdev/video® -r 10 -q:v 108 -f flv rtmp:f/163.18.104.14
2:1935/myapp/test
ffmpeg version 2.8.17-8ubuntu®.1 Copyright (c) 2000-2020 the FFmpeg developers
built with gcc 5.4.0 (Ubuntu 5.4.0-6ubuntul-~16.84.12) 20160609
configuration: --prefix=fusr --extra-version=08ubuntu®.1 --build-suffix=-ffmpeg

A WN P
»—3;%»
a\
"%"\

--toolchain=hardened --libdir=fusr/lib/x86 64-1linux-gnu --incdir=fusr/include/x
86 _64-1linux-gnu --cc=cc --CXX=g++ --enable-gpl --enable-shared --disable-strippi
ng --disable-decoder=1ibopenjpeg --disable-decoder=1libschroedinger --enable-avre
sample --enable-avisynth --enable-gnutls --enable-ladspa --enable-libass --enabl
e-libbluray --enable-libbs2b --enable-libcaca --enable-libcdio --enable-libflite

--enable-libfontconfig --enable-libfreetype --enable-libfribidi --enable-libgme

40



UE.} @R

UE.t &3 % 1 Edge Server T —

« $ ffmpeg -re -i /dev/videoO -r 10 -q:v 15 -f flv rtmp:/[163.18.104.132;
1935/myapp/test

?LFPS -r 30 (FPS=30)
D-qivl (14 7 B4 o 305 )
64 1‘? :-fflv
T % 1 rtmp://163.18.104.132:1935/myapp/test

f437@F437-HP: ~
~5 ffmpeg -re -1 /dev/video® -r 10 -q:v 15 -f flv rtmp://163.18.1064
.132:1935/myapp/test
ffmpeg version 2.8.17-0ubuntud.1 Copyright (c) 2008-2020 the FFmpeg developers
built with gcc 5.4.0 (Ubuntu 5.4.0-6ubuntul~16.04.12) 20160609

=\ e

o
Ay
-
w&.

configuration: --prefix=fusr --extra-version=0ubuntu®.1 --build-suffix=-ffmpeg
--toolchain=hardened --libdir=/usr/lib/x86 64-1linux-gnu --incdir=/usr/include/x
86 64-1linux-gnu --cc=cC --CXX=g++ --enable-gpl --enable-shared --disable-strippi
ng --disable-decoder=1libopenjpeg --disable-decoder=libschroedinger --enable-avre
sample --enable-avisynth --enable-gnutls --enable-ladspa --enable-libass --enabl
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« $ ffmpeg -f image2pipe -loop 1 -re -i "overlay.jpg" -r 10 -q:v 15 -f
flv rtmp://163.18.104.132:1935/myapp/overlay

Edge ServernlP

0E fa37epc@F437epc: ~fedge

f437epc@f437epc:~fedges Tfmpeg -T image2pipe -loop 1 -re -i "overlay.jpg" -r 30

-gq:v 1 -f flv rtmp://163.18.104.132:1935/myapp/overlay

ffmpeg version 2.8.17-0ubuntu®.1 Copyright (c) 2000-2020 the FFmpeg developers
built with gcc 5.4.0 (Ubuntu 5.4.0-6ubuntul~16.04.12) 20160609

configuration: --prefix=/usr --extra-version=0ubuntu®.1 --build-suffix=-ffmpeg
--toolchain=hardened --libdir=/usrflib/x86 64-1linux-gnu --incdir=fusr/include/x
86 _64-1linux-gnu --cc=CC --CxX=Q++ --enable-gpl --enable-shared --disable-strippi
ng --disable-decoder=1libopenjpeg --disable-decoder=1libschroedinger --enable-avre
sample --enable-avisynth --enable-gnutls --enable-ladspa --enable-libass --enabl
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UE 5 € &8 #
« $ffplay rtmp://163.18.104.132:1935/myapp/overlay

displayWidth
displayHeight

or

find codec parameters f

! or strean 1 (Audio:

none, 0 channel unknown
i increasi val [ analyz ration' and 'pr

live_flv, 53.18. .132:1935/myapp/overlay’

nginx-rtnp-nodule) ABademic
; Sue License

30 tbr, 1k tbn, 1k tbc

f=0 /8
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https://drive.google.com/drive/folders/1uljnvdO9Fk
SSTqVSuCYH45y30yDDIl4qgH?usp=sharing
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