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[ UE % 1 Access Network T 1 Core Network (free5GC)
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% # %49 HbalenaEtcher

Download Etcher

ASSET os ARCH
ETCHER FOR WINDOWS (X86|X64) (INSTALLER) WINDOWS X86|X64 Download
ETCHER FOR WINDOWS (X86|X64) (PORTABLE) WINDOWS X86|X64 Download

ETCHER FOR WINDOWS (LEGACY 32 BIT) (X86|X64) (PORTABLE) WINDOWS X86|X64 Download

ETCHER FOR MACOS MACOS X64 Download

ETCHER FOR LINUX X64 (64-BIT) (APPIMAGE) LINUX X64 Download

ETCHER FOR LINUX (LEGACY 32 BIT) (APPIMAGE) LINUX X86 Download
Looking for Debian (.deb) packages or Red Hat (.rpm) packages?

D B A AV X -

NATIONAL FORMOSA UNIVERSITY

Ubuntu % % (8] % % *LUSB)

B ExbalenaEtcher » £ 4% £ et

balenaEtcher - X

." balenaEtcher

L+

B fElEERS

& wEBhRs

& BERE

D B AAWI XY B
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https://etcher.balena.io/#download-etcher
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Ubuntu % 2 (% ¥ % $LUSB)

EERPBTE(R e ) ) ER

balenaEtcher - X

." balenaEtcher

EEER s

=18 K s
@ UsBsanDisk3.2Gen1 USB Device  30.8GB E\ ERREREE
USB SanDisk 3.2Gen1 USB Device 30.8GB \\.\PhysicalDrive2

v BT1E

11
D AL &AW XT
NATIONAL FORMOSA UNIVERSITY
11
/,
2 2
2
Ubuntu % # (8 17 .yuUSB)
PR va
EE L A(F BT USB) 0 dHE B
balenaEtcher - X
balenaEtcher
EEZRREIR e
B =% R fivé=+
USB SanDisk 3.2Gen1 USB Device 30.8GB E:\ FRREREE
USB SanDisk 3.2Gen1 USB Device 30.8GB \\.\PhysicalDrive2
12
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C4

Ubuntu = % (%] 17 % $2USB)

balenaEtcher

." balenaEtcher

©O — A

USB San...SB Device USB San...SB Device

D AL &AW XT

NATIONAL FORMOSA UNIVERSITY

13

13

Fﬁﬁ&;% ;\1

B 3EF8 » i~ {4 o i USB( % SLah) B #% » T ¥ i » Ubuntu % 4

wb

Please select boot device:
1 and | to move selection

ENTER to select boot device

ESC to boot using defaults

UEFI: PXE IP4 IntekR) Ethernet Connection (7) 1219-LM

Windows Boot Manager (M1: WD Blue SNS70 500GB)

ubuntu
Enter Setup

D B A AW AT
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F] % Ubuntu & $end 378 5 4% > % (F 9 %o £ 87 ctrl + alt + T2 B fxTerminal AR &
fyﬁs?] » sudo apt update&&sudo apt upgrade T %] DY 5 O I W E VRS & ﬁ‘

XEAIFER L EIEF
£ ﬁs?] » sudo apt install build-essential vim&&sudo apt-get install git
S SRS

:~S$ sudo apt-get install git build-essential vim
Reading package lists... Done
Building dependency tree
Reading state information... Done
git is already the newest version (1:2.25.1-1ubuntu3.1).
The following additional packages will be installed:

dpkg-dev fakeroot g++ g++-9 libalgorithm-diff-perl libalgorithm-diff-xs-perl libalgorithm-merge-perl
libstdc++-9-dev vim-runtime
Suggested packages:
debian-keyring g++-multilib g++-9-multilib gcc-9-doc libstdc++-9-doc ctags vim-doc vim-scripts
The following NEW packages will be installed:
build-essential dpkg-dev fakeroot g++ g++-9 libalgorithm-diff-perl libalgorithm-diff-xs-perl

D AL A AW AT

NATIONAL FORMOSA UNIVERSITY

15

% Kkernel

15

. ﬁi%l » :cd Downloads 4% * # < cd~/T ¢

* #i5 » :sudo wget
https://mirrors.edge.kernel.org/pub/linux/kernel/v5.x/linux-
5.15.133.tar.gz && sudo tar -xvf linux-5.15.133.tar.gz -C ~/

* fiE B A5 tar -xzvf linux- 5.15.133.tar.gz

TR

D AL A AH T

NATIONAL FORMOSA UNIVERSITY

16

16


https://mirrors.edge.kernel.org/pub/linux/kernel/v5.x/linux-5.15.133.tar.gz
https://mirrors.edge.kernel.org/pub/linux/kernel/v5.x/linux-5.15.133.tar.gz

2025/2/13

™ % Kkernel

* cd../linux-5.15.133
* sudo apt install build-essential libncurses-dev libssl-dev libelf-dev bison flex -y

$ sudo apt install build-essential 1i

bncurses-dev libssl-dev libelf-dev bison flex -y

17
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17

™ 4% Kkernel

. 31,?] » sudo make menuconfig § 5 ¥4 T % &
o L% # Save => Ok =>Exit

2% 4_‘_ T ‘i Exit %EJ o Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty

R g = -~ =1 submenus ----). Highlighted letters are hotkeys. Pressing <v>
includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to
extt, <2> for Help, </> for Search. Legend: [*] built-in [ ]

] cenerat zctup

[*] 64-bit kernel
Processor type and features --->
[*] Mitigations for speculative execution vulnerabilities --->

Linux/x86 5.15.133 Kernel Configuration

P

IR

Power management and ACPI options --->
Bus options (PCI etc.) --->
Blnary Enulations --->
[*] Virtualization --->
General architecture-dependent options --->
[*] Enable loadable module support --->
v(+)

<Extt>  <Help> < Save> < Load >

18
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R

sV MEER EFTRKE OO T ST make— 2 2w 0 make —j2
5P

cd NHAFERFTH S TACEF

* sudo scripts/config - disable SYSTEM_TRUSTED_KEYS

* sudo scripts/config - disable SYSTEM_REVOCATION_KEYS

* sudo apt-get install dwarves

* sudo make -j2 && sudo make -j2 modules_install && sudo make -j2 install
4o g AR IE?E‘-@?] ~ 3%k {s enter

19
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19
% % kernel
« &> grub iz iz i
* sudo vim /etc/default/grub
O Bz hAHBAS :
20
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GRUB_DEFAULT=0

#GRUB_TIMEOUT_STYLE=hidden

GRUB_TIMEOUT=-1

GRUB_DISTRIBUTOR="Isb_release -i -s 2> /dev/null | | echo Debian"
GRUB_CMDLINE_LINUX_DEFAULT="quiet splash"
GRUB_CMDLINE_LINUX="find_preseed=/preseed.cfg auto noprompt priority=critical locale=en_us"

& BL A AW AS

% % kernel

21

R A LR N M TR
* sudo update-grub
* reboot
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¥ # advance option for ubuntu

2025/2/13

GNU GRUB

D B &AW AT

NATIONAL FORMOSA UNIVERSITY

3 #H linux 5.15.xx5% &
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FEILE 5 18 kernelik &
e sudo uname -r

[sudo] bluedog RYZREE :
5.15.0-43-generic

NATIONAL FORMOSA UNIVERSITY

bluedog@bluedog-VirtualBox: ~/&H

$ sudo uname -r

s

25
Stage 1 Check List

4 5LUSB B ASJEF8 » dEHUSB(,% st )im 2 RIS 5 R 15 » g i~

Ubuntu

oA R EJIE ~ o F 2 4EE 4R P USBZ % e Partition
fEE & SLR A cat /etc/Isb-release

FEIOEE 5 22.044% A~
{ara A & sudo apt update&&sudo apt upgrade
Linuxp % 5% & uname —r

5.4.0-65-generic
26
O B2 £ A¥K XY
26
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% #UHD

AT
* sudo apt-get update && sudo apt-get upgrade

s X HEAMTT B2

* sudo apt-get install libboost-all-dev libusb-1.0-0-dev doxygen python3-docutils

python3-mako python3-numpy python3-requests python3-ruamel.yaml python3-
setuptools cmake build-essential

D B A4 k%’- https://blog.csdn.net/qq_41300075/article/details/ 120914018

NATIONAL FORMOSA UNIVERSITY

27

- i\l p #UHD% ~

* cd ~/Downloads/
* wget https://github.com/EttusResearch/uhd/archive/refs/tags/v4.1.0.7 tar.gz

© Tags

v4107 e

e =

V4107-rc1 @
O2weetssge © sastaes Dzip Mo

v4400 =
onsanat o sraczes Map Mgz Dnotes &

v4.400-rc1 @
Qonian2r 0 3ctaszs Pap Qe

v4106 m

Qo o sasars Mzo M

v4300 e
Oor 4 © arsrasze Map M Dinotes &

28
L O @ A 4‘*4’ &k)g' https://github.conVEttusResearch/UHD/tags

AAAAAAAAAAAAA UNIVERSITY
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* tar zxvf v4.1.0.7 tar.gz

( Gt APX#X

O BEER
*
G EBR
B8 1%
© &K
D x#

| o v=

D AL A AW AT
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29

UHD %, 2%

TH -

m B

uhd-4.1.0.4 uhd-4.1.0.4.
zip

29

cd uhd-4.1.0.7/host
mkdir build

* cd build

e cmake ../

@) & & A H X G-

NATIONAL FORMOSA UNIVERSITY

30

R R
- # UHD enabled components
- - BRARARBERERURARARBRBRARARBERERARARARBERERARARERERARARE
- * LibUHD

LibUHD - C API

LibUHD - Python API

Exanples

utils

Tests

usB

8100

8200

USRP1

USRP2

X300

MPHMD

SIM

N300

N320

E320

£300

X400

OctoClock

Manual

API/Doxygen

Man Pages

B e et e LSS ST
-- # UHD disabled components
- RHRHARRERRURRARERBRBURAARRBEBRUAARERREBRRARREBBRRRRGAR
* DPDK

- Bullding version: 4.1.0.4-0-unknown
- Using tnstall prefix: /usr/local
- Configuri

15
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UHD=% %

2025/2/13

-113131/\:

make
makeps [ i E o % 204 48 0 B~ 4o A 4RI
* make test

i FUHDex 5 ¢
* sudo make install
AR X ELE é\jﬁﬂ%’ HiT4eT ;fﬁ £ MUFE Ay F oo |
sudo Idconfig
{ATHRB R -
export LD _LIBRARY_PATH=/usr/local/lib

& Bk AWK XY £

NATIONAL FORMOSA UNIVERSITY

UHD p|:&

£ &R 4 % Hpython# » sudo /usr/local/lib/uhd/utils/uhd images downloader.py

:-$ sudo /usr/local/lib/uhd/utils/uhd_images_downloader.py
[INFO] Using base URL: https://files.ettus.com/binaries/cache/
[INFO] Images destination: /usr/local/share/uhd/images
[INFO] No inventory file found at /usr/local/share/uhd/images/inventory.json. Creating an empty one.

kB / 09146 kB (100%) x4xx_x410_fpga_default-g26793b8.zip
kB / 21085 kB (100%) x3xx_x310_fpga_default-g26793b8.zip
kB / 19610 kB (100%) x3xx_x300_fpga_default-g26793b8.zip
kB / 01153 kB (100%) e3xx_e310_sgl_fpga_default-g26793b8.zip
kB / 01138 kB (100%) e3xx_e310_sg3_fpga_default-g26793b8.zip
kB / 10156 kB (100%) e3xx_e320_fpga_default-g26793b8.zip
kB 20731 kB (100%) n3xx n310 fpga default-g26793b8.zip

&) B A AWK XY

NATIONAL FORMOSA UNIVERSITY

16



2025/2/13

UHD p|:&

i*FUSRPH# EEEEIUSB 3.0
BT HIE R S ZEEER T $ sudo uhd find devices » FEARIBENE Z8Epythonfs

:-$ sudo uhd_find_devices
i C++ version 11.4.0; Boost_107400; UHD_4.1.0.7-0-unknown

serial: 31F66A7
name: MyB210
product: B210
type: b2ee

33
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% % srsRAN Project

e sudo apt-get install cmake make gcc g++ pkg-config libfftw3-dev libmbedtls-dev
libsctp-dev libyaml-cpp-dev libgtest-dev
e git clone https://github.com/srsRAN/srsRAN _Project.git

M~ nfuSg@nfu5g-WS-E500-G5-WS690T: ~

:-$ sudo apt-get install cmake make gcc g++ pkg-config libfftw3
-dev libmbedtls-dev libsctp-dev libyaml-cpp-dev libgtest-dev

Reading package lists... Done

Building dependency tree... Done

Reading state information... Done

g++ is already the newest version (4:11.2.0-1ubuntul).
g++ set to manually installed.

D AL A AH T

NATIONAL FORMOSA UNIVERSITY
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% % srsRAN Project

2025/2/13

cd srssSRAN_Project
mkdir build
cd build

cmake ../

ZEROMQ=ON
The C comp
The CXX col
Detecting
Detecting
Check for
Detecting
Detecting
Detecting
Detecting
Check for
Detecting
Detecting
Build type
Performing
Performing
Performing
Performing
Performing
Performing
Performing
Performing
Performing

make

make test
sudo make install

D AL A AW AT

NATIONAL FORMOSA UNIVERSITY

35

>
7

T3 gNBK Z_4%

nfuSg@nfu5g-WS-E500-G5-WS690T: ~/srsRAN_Project/build

Q
:~$ cd srsRAN_Project
$ mkdir build
$ cd build

$ cmake . -DENABLE_EXPORT=ON -DENABLE_
iler identification is GNU 11.4.0
mpiler identification is GNU 11.4.0
C compiler ABI info
C compiler ABI info - done
working C compiler: /usr/bin/cc - skipped
C compile features
C compile features - done
CXX compiler ABI info
CXX compiler ABI info - done
working CXX compiler: /usr/bin/c++ - skipped
CXX compile features
CXX compile features - done
not specified: defaulting to Release.
Test HAS_MAYBE_UNINITIALIZED
Test HAS_MAYBE_UNINITIALIZED - Success
Test HAS_STRINGOP_OVERFLOW
Test HAS_STRINGOP_OVERFLOW
Test HAVE_NON_VIRTUAL_DTOR
Test HAVE_NON_VIRTUAL_DTOR
Test HAVE_SUGGEST_OVERRIDE
Test HAVE_SUGGEST_OVERRIDE
Test HAVE_SHADOW

- Success

- Success

- Success

35

e cd ~/srsRAN_Project/build/apps/gnb
e vim gnb.yml
o Bt i ARsN 2 EAF WAL

D AL A AH T

NATIONAL FORMOSA UNIVERSITY

36

#Th how SISRAN Project eNB
# transmitting in band 78, with 20 MHz bandwidth and 30 kHy sub-carrer-spacing. A USRP B200 s configured
Note in this source is not used, so the syne

amf
addr: 127.0.1.100
bind_addr: 127.00.1
supported_tracking_arcas:
-tac:
plmn_list
- plmn "00)
tai_slice_support st
st |

101"

driver: uhd
s type=b200num_recy_frames=64.num_send_frames=64

x_gain: SO

cell el

darfen: 425000

band: |

channel_bandwidth MHz:20
common scs: 15

“00101"

c: /imp/gnb.log.
all level: wamning
peap:
‘mac_enable: flse
n mp/gnb_macpeap
ngap_enable: false

ngap_filename: fmp/gnb_ngap.peap.

18
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dodk % %0 KR A DGO IR
Rk T % 5% Go 1.21.8 ¢ # this assumes

* wget https://dl.google.com/go/go1.21.8.linux-amd64.tar.gz

* sudo tar -C /usr/local -zxvf go1.21.8.linux-amd64.tar.gz

e mkdir -p ~/go/{bin,pkg,src}

* # The following assume that your shell is bash:

* echo 'export GOPATH=SHOME/go' >> ~/.bashrc

* echo 'export GOROOT=/usr/local/go' >> ~/.bashrc

* echo 'export PATH=SPATH:SGOPATH/bin:SGOROOT/bin' >> ~/.bashrc
* echo 'export GO111MODULE=auto' >> ~/.bashrc

your current version of Go is inthe ™.
default location:

sudo rm -rf /usr/local/go

wget
https://dl.google.com/go/go1.21.8.linu
x-amdé4.tar.gz

sudo tar -C /ust/local -zxvf
go1.21.8.linux-amd64.tar.gz

° source ”/.bashrc :-$ wget https://dl.google.com/go/go1.21.8.linux-amd64.tar.gz

sudo tar -C /usr/local -zxvf go1l.21.8.linux-amd64.tar.gz
mkdir -p ~/go/{bin,pkg,src}

# The following assume that your shell is bash:

echo 'export GOPATH=$HOME/go' >> ~/.bashrc

echo 'export GOROOT=/usr/local/go' >> ~/.bashrc

echo 'export PATH=$PATH:$GOPATH/bin:$GOR0OOT/bin' >> ~/.bashrc
echo 'export GO111MODULE=auto' >> ~/.bashrc

source ~/.bashrc

--2024-06-04 23:15:58-- https://dl.google.com/go/go1.21.8.linux-amd64.tar.gz
Resolving dl.google.com (dl.google.com)... 142.251.42.238, 2404:6800:4012:3::200e

Connecting to dl.google.com (dl.google.com)|142.251.42.238]:443...

HTTP request sent, awaiting response... 200 OK
Length: 66647874 (64M) [application/x-gzip]
Saving to: ‘go1.21.8.linux-amd64.tar.gz’

D AL A AW AT
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connected.

37

37

= s !

4 5 freeSge® AGO» »
* goversion
Go 1.21.8
$ go version
go version go1l.21.8 linux/amd64
O BarRABBEXS

38
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BB Kz o AT FREFTHE X LK £ % MongoDB & # ~
sudo apt update

i

sudo apt install gnupg curl
7% 4t MongoDB = 3 GPG £ 4%
curl -fsSL https://pgp.mongodb.com/server-7.0.asc | \
sudo gpg -o /usr/share/keyrings/mongodb-server-7.0.gpg --dearmor
# Ubuntu Server 22.04.03 } % % MongoDB 7.0.x
echo "deb [ arch=amd64,arm64 signed-by=/usr/share/keyrings/mongodb-server-7.0.gpg ]
https://repo.mongodb.org/apt/ubuntu jammy/mongodb-org/7.0 multiverse" | sudo tee
/etc/apt/sources.list.d/mongodb-org-7.0.list

:-$ curl -fsSL https://pgp.mongodb.com/server-7.0.asc | \

sudo gpg -o /usr/share/keyrings/mongodb-server-7.0.gpg --dearmor

39
D AL &AW T
NATIONAL FORMOSA UNIVERSITY
» > g . A
= 7> Mongo | % A
— N
e sudo apt update
e sudo apt install -y mongodb-org
e sudo systemctl start mongod
e sudo systemctl enable mongod
e sudo systemctl status mongod
:-$ sudo apt update
sudo apt install -y mongodb-org
Hit:1 http://tw.archive.ubuntu.com/ubuntu jammy InRelease
Hit:2 http://tw.archive.ubuntu.com/ubuntu jammy-updates InRelease
Hit:3 http://tw.archive.ubuntu.com/ubuntu jammy-backports InRelease
Ign:4 https://repo.mongodb.org/apt/ubuntu jammy/mongodb-org/7.0 InRelease
Hit:5 http://security.ubuntu.com/ubuntu jammy-security InRelease
Get:6 https://repo.mongodb.org/apt/ubuntu jammy/mongodb-org/7.0 Release [2090 B]
Get:7 https://repo.mongodb.org/apt/ubuntu jammy/mongodb-org/7.0 Release.gpg [866 B]
Hit:8 https://ppa.launchpadcontent.net/obsproject/obs-studio/ubuntu jammy InRelease
Get:9 https://repo.mongodb.org/apt/ubuntu jammy/mongodb-org/7.0/multiverse armé4 Packages [39.8 kB
Processing triggers for man- (2.10.2-1)
$ sudo systemctl start
40
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sudo apt -y update

sudo apt -y install git gcc g++ cmake autoconf libtool pkg-config libmnl-

dev libyaml-dev

:-$ sudo apt -y update

sudo apt -y install git gcc g++ cmake autoconf libtool pkg-config libmnl-dev libyaml-dev
http://tw.archive.ubuntu.com/ubuntu jammy InRelease
http://tw.archive.ubuntu.com/ubuntu jammy-updates InRelease
http://tw.archive.ubuntu.com/ubuntu jammy-backports InRelease
https://repo.mongodb.org/apt/ubuntu jammy/mongodb-org/7.0 InRelease
http://security.ubuntu.com/ubuntu jammy-security InRelease

6 https://repo.mongodb.org/apt/ubuntu jammy/mongodb-org/7.6 Release
:8 https://ppa.launchpadcontent.net/obsproject/obs-studio/ubuntu jammy InRelease

Reading package lists... Done

Building dependency tree... Done

Reading state information. Done

4 packages can be upgraded. Run 'apt list pgradable' to see them.

Reading package lists... Done

Building dependency tree... Done

Reading state information... Done

g++ is already the newest version (4:11.2.0-1ubuntul).

gcc is already the newest version (4:11.2.0-1ubuntul).

pkg-config is already the newest version (0.29.2-1ubuntu3).

cmake is already the newest version (3.22.1-1ubuntul.22.04.2).

D AL & A#H I AT
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41

r

3:

:-$ sudo ip addr
1 <LOOPBACK,UP,LOWER_UP> mtu 65536 qdisc noqueue state UNKNOWN group default qlen 1000
link/loopback 00:00:00:00:00:00 brd 00:00:00:00:00:00
inet 127.0.0.1/8 scope host lo
1ft forever preferred_lft forever
/128 scope host
1ft forever preferred_lft forever
enp0Os31f <NO-CARRIER,BROADCAST ,MULTICAST,UP> mtu 1500 qdisc fq_codel state DOWN group default gqlen 1000

ink/ether 50:eb:f6:54:eb:37 brd ff:ff:ff:ff:ff:ff
ISCELEI IS EEL[6l: <BROADCAST ,MULTICAST,UP,LOWER_UP> mtu 1500 qdisc noqueue state UP group default qlen 1000

k/ether 04:d9:f5:c1:43:d0 brd ff:ff:ff:ff:ff:ff
inet 192.168.0.106/24 brd 192.168.0.255 scope global dynamic noprefixroute wlx04d9f5c143de
valid_1ft 587854sec preferred_lft 587854sec
inet6 fe80::2969:909e:ab89:5a60/64 scope link noprefixroute
valid_1ft forever preferred_1ft forever
upfgtp: <POINTOPOINT,MULTICAST,NOARP,UP,LOWER_UP> mtu 1464 qdisc noqueue state UNKNOWN group default qlen 1000
link/none
inet6 fe80::c1f0:8fa2:fbc2:a080/64 scope link stable-privacy
valid_1ft forever preferred_lft forever

) |
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Linux 2 R RX BE(MBLCEELATRE)

31%1 ~ipaddr# 3
* sudo sysctl -w net.ipv4.ip_forward=1
* sudo iptables -t nat -A POSTROUTING -o <dn_interface> -j MASQUERADE

* sudo iptables -A FORWARD -p tcp -m tcp --tcp-flags SYN,RST SYN -j TCPMSS --set-mss 1400
* sudo systemctl stop ufw
* sudo systemctl disable ufw # prevents the firewall to wake up after a OS reboot

:-$ sudo iptables -t nat -A POSTROUTING -o enpls® -j MASQUERADE

:~$ sudo iptables -A FORWARD -p tcp -m tcp --tcp-flags SYN,RST SYN -j TC
PMSS --set-mss 1400
:-$ sudo systemctl stop ufw
HEMsudo systemctl disable ufw # prevents the firewall to wake up after I

a 0S reboot

43
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~
* cd
. . RN N . .
* git clone --recursive -b v3.3.0 -j ‘nproc’ https://github.com/free5gc/free5gc.git
° S cd ~
Cd freesgc :-$ git clone --recursive -b v3.3.0 -j ‘nproc’ https://github.com/freesg
c/free5gc.git
Cloning into 'freeS5gc'...
remote: Enumerating objects: 2793, done.
: Counting objects: 100% (566/566), done.
: Compressing objects: 100% (243/243), done.
: Total 2793 (delta 383), reused 469 (delta 320), pack-reused 2227
Receiving objects: 100% (2793/2793), 912.32 KiB | 5.07 MiB/s, done.
Resolving deltas: 100% (1632/1632), done.
Note: switching to '470b8bff3ff2cd4e485bf54cb4c6bfe7e285793e" .
You are in 'detached HEAD' state. You can look around, make experimental
changes and commit them, and you can discard any commits you make in this
state without impacting any branches by switching back to a branch.
If you want to create a new branch to retain commits you create, you may
do so (now or later) by using -c with the switch command. Example:
git switch -c <new-branch-name>
or undo this operation with:
git switch -
a4
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cd ~/freebgc
make

$ cd ~/free5gc

make
Start building amf....
cd NFs/amf/cmd && \
CGO_ENABLED=0 go build -gcflags "" -ldflags "-X github.com/free5gc/util/version.VERSION=v3.4.1 -X
github.com/free5gc/util/version.BUILD_TIME=2024-06-04T15:28:43Z -X github.com/free5gc/util/version
.COMMIT_HASH=4d01bec2 -X github.com/free5gc/util/version.COMMIT_TIME=2024-03-27T15:58:48Z" -o /hom
e/nfusg/free5gc/bin/amf main.go

: downloading github.com/free5gc/util v1.0.6

: downloading github.com/urfave/cli v1.22.5

: downloading github.com/free5gc/openapi v1.0.8

: downloading github.com/gin-contrib/cors v1.3.1

: downloading github.com/sirupsen/logrus v1.8.1

: downloading github.com/asaskevich/govalidator v0.0.0-20210307081110-f21760c49a8d

: downloading gopkg.in/yaml.v2 v2.4.0

NATIONAL FORMOSA UNIVERSITY
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cd~

git clone -b v0.8.6 https://github.com/free5gc/gtp5g.git
cd gtp5g

make

sudo make install

g S cd
:-$ git clone -b v0.8.6 https://github.com/free5gc/gtp5g.git

sudo make install

Cloning into 'gtp5g’'...

remote: Enumerating objects: 902, done.

remote: Counting objects: 100% (423/423), done.

remote: Compressing objects: 100% (180/180), done.

remote: Total 902 (delta 332), reused 282 (delta 243), pack-reused 479
Receiving objects: 100% (902/902), 319.93 KiB | 922.00 KiB/s, done.
Resolving deltas: 100% (577/577), done.

Note: switching to 'd8818ee80a9a004eadfac3715415395810666921'.

46
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e cd”™
e curl -fsSL

https://deb.nodesource.com/setup_20.x | sudo -E bash -

* sudo apt update
* sudo apt install -y nodejs
* sudo corepack enable # setup yarn automatically

g S cd
:-$ curl -fsSL https://deb.nodesource.com/setup_20.x | sudo -E bash -

sudo apt update
sudo apt install -y nodejs
corepack enable # setu arn automaticall

Hit

Hit:
Hit:
Ign:
Hit:
Hit:
Get:

19 - Insta re-req es

http://tw.archive.ubuntu.com/ubuntu jammy InRelease
2 http://tw.archive.ubuntu.com/ubuntu jammy-updates InRelease
3 http://tw.archive.ubuntu.com/ubuntu jammy-backports InRelease
4 https://repo.mongodb.org/apt/ubuntu jammy/mongodb-org/7.0 InRelease
5 https://repo.mongodb.org/apt/ubuntu jammy/mongodb-org/7.0 Release
7 https://ppa.launchpadcontent.net/obsproject/obs-studio/ubuntu jammy InRelease
8 http://security.ubuntu.com/ubuntu jammy-security InRelease [129 kB]

Fetched 129 kB in 4s (35.5 kB/s)

:-$ sudo corepack enable # setup yarn automatically

D AL & A#H I AT
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it

WebConsole

* cd ~/free5gc
* make webconsole

D AL A AH T

:$ cd ~/free5gc

: $ make webconsole
Start building webconsole....
cd webconsole/frontend && \

rm -rf ../public && \
cp -R build ../public

? Do you want to continue? [Y/n] y

yarn install v1.22.22
package-lock.json found. Your project contains lock files generated by tools other than Yarn.
It is advised not to mix package managers in order to avoid resolution inconsistencies caused by uns
ynchronized lock files. To clear this warning, remove package-lock.json.
Resolving packages...
/4] Fetching packages...
[HHHBHHAHBHR AR HR AR AR AR AR HR AR R AR AR R AR AR R BHRAHHRARGHRAHRHRA - - -] 1085/1321 I
43
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Test free5SGC

* cd ~/free5gc

e chmod +x ./test.sh

* ./test.sh TestRegistration

 ./test.sh TestGUTIRegistration

* ./test.sh TestServiceRequest

* ./test.sh TestXnHandover % F|ok pass ™ 7

* ./test.sh TestDeregistration

 ./test.sh TestPDUSessionReleaseRequest

* ./test.sh TestPaging

e /test.sh TestN2Handover

e /test.sh TestNon3GPP

* ./test.sh TestReSynchronization
.Jtest_ulcl.sh TestRequestTwoPDUSessions

(_) @) & & A 3 X G-
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Fzi#» WebConsole 7 R 5

* cd ~/free5gc/webconsole
e ./bin/webconsole

$ cd ~/free5gc/webconsole

./bin/webconsole
2024-06-05T00:09:54.341881674+08:00 WEBUI version:

free5GC version: v3.4.1

build time: 2024-06-04T15:41:30Z

commit hash: 3aaa7f34

commit time: 2024-03-27T16:24:00Z

go version: go1.21.8 linux/amd64
2024-06-05T00:09:54.341933736+08:00 Read config from [./confi
g/webuicfg.yaml]
2024-06-05T00:09:54.342103037+08: Log enable is set to [tr
ue]
2024-06-05T00:09:54.342107568+08: Log level is set to [inf
0]
2024-06-05T00:09:54.342110546+08: Report Caller is set to
[false]
2024-06-05T00:09:54.342165122+08:00 Server started
[GIN-debug] [WARNING] Running in "debug" mode. Switch to "release” mode in produ
ction.

- using env: export GIN_MODE=release
- using code: gin.SetMode(gin.ReleaseMode)

&) B A AWK XY =
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FAYE Web 1T E - & féﬁi%] » URL:5000http://127.0.0.1:5000

O D 127001

FfroelTaq

& §5:admin
% 75 :freebgc

51
D B2 £ AW AT
AAAAAAAAAAAAAAAAAAAAAAAAA
51
= = =X
S, 2 E 7
- A
« (o] oD ©
SheeTam 0 egem
Subscribers 2. e Subscrber
s PLMN UVEID
00101  imsi- 001010000000022 =
AN AN S
00101  imsi-001010000000012
52
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2 %_ USER_DBF

2025/2/13

Edit Subscriber

‘Subscriber data number (auto-increased with SUPI)*

PLMN D"

00101

(CEBBI90649FAASFOAZEE238A68C

Operator Code Type*
ope

Operator Code Value*

EBED2BIDEBAISIE2BIBSAEBBERIBICA

Authentication Management Field (AMF)*

8000

sanw
0000000044c0

S-NSSAI Configuration

snssai

ssT

-PLMN ID = 00101
-IMSI =001010000000012

-K =465B5CESB199B49FAASFOA2EE238 A6BC
-OPV = E8ED289DEBA952E4283BS4ES8E6183CA

snssai

ssT

oo00a1 -SD = 000001

Defauit S-NSSAI

DNN Configurations
Data Network Name* [+ %]
intemet
Uplink AMER"
200 Wps
Downlink AMER"
100 wops
Detault 5QI

s

Flow Rules

0 ue Securty
Data Network Name* n n
intenet2
Uplink AMBR*
200 Mps

Downlink AMBR*

D BL &AW XG-

NATIONAL FORMOSA UNIVERSITY

D AL A AHKE T -
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= = 3l
N
e A U S ER D B ;]f‘
= 7
. 28
— — —
100 Mbps
snssai [ + Il * |
Default 5QI
ssm o
f
Flow Rules
o
s -SD = 000001
Default S-NSSAI
0 uP secusiy
DNN Configurations Data Network Name
Data Network Name* [+ x] imemec2
e Uplink AMBR*
Uplink AMBR 200 Mps
200 wps Downlink AMBR®
Downlik AMBR 100 Mbps
100 wps
Default SQI
Detauit Q1 .
Flow Rules
Flow Rules
0 uP Security
0 e seariy .
=3
3}-’&-1 :AEINY
Data Network Name* [+ 1 ]
emer2
Uplink AMBR
200 wops
Downlink AMBR"
54
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#UE 3 1 :2 SIM Card

$IM Personalize tools(Copyright: GreenCard Co. 1.0
FeadePC/SC) [Genenc EMV Smaicard Rleader 0 SweDats | LoadDato | Ent
Batch Wole Card
ol dsri | sdeare [T | | | Corbre| Torpis]
Cormon Parameter
ATR [B8FSBRBIFC Type [LTEILHOZLTESGSM Langusge. 40N |
ICCID. [FFFFFFFFFFFFFFFFEFF I inc pEC20, Pt I8 Puki: [EESEE8. Pz B0 puke [BBEEEEES asce) Aom [FEOEGEIEINEH | HEXIE)
GSMAVCOMAALTE | COMA/EVDD/CSIM IMSI
GSM Parameler LTEAVCOMA Parameler
Msn8. |  IMSIS: 0 [ Inc [DEC18/1S) " IMsi18. [B300T00L n2 PDECIR5)
Acc: [0004 1 Input DECH) p: (00000062 | acc: [0004 [ Input IDECH) 0000002

i K CB07037C6963 Hexa) [~ rcKI. (4558505 98 1558 4SF AASF OAZE E 230458 c

LN [00101 26000, 460C2. 46007, 4008, 45412 41004 | grc. Jeeencoesasszeamsaceceniaaca __OPc  Jeco)
EHPLMN; 45000, 46007 46002, 46008 e coee [0 s
FPLan 1567 doeea 4ok 466 ] FUMvact: [03T07-4000; 00101 6000, 0701 0090 f==)|
weoen [0 me  eon [ w2 e OPLMMwAct: [45000 4000 46000.8000 46000-0090; 45412-4000; 45412 6000; 4541
SMse: [+ wsiso: [ T ire (ASC) HPLMNwct. 15000 4000, 45300,6000, 46000 0080 =) e
SPN; [EMNATG EHPLMN: [45000. 46007, 46002 46008 ‘
ecc [ FPLMN: [46537. 45601 46605 e |
Aot & Comp128 (* Campl232 C Comp1283 O Mienage HERONEIN RECY S > 2
MR [+ (asc) Msison: [ inc @SC)
sPN: [EMNASG 1450)

ecc |

|
Ot Same whLTE A Mianage AiCPas | Oeties | SamnihGsM

Card Success
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NATIONAL FORMOSA UNIVERSITY

55

* cd ~/free5gc/config
* sudo vim amfcfg.yaml

$ cd free5gc/config

$ sudo vim amfcfg.yaml

i~ vimik R B P ot

cafe0o

D AL A AH T
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* cd ~/free5gc/config
* sudo vim auscfg.yaml

ysed interfa

terIPv4: 127.0.0.9
H S sudo vim ausfcfg.yaml 5 ° ,/ -

P wr
P cert/ausf.pem
IEL ey : cert/ausf key
LEL
nausf-auth a
nrfuri: htt //127 0 0.10 soeo #

iE O~ vimik BB R ¢

groupId: ausfGroup001 # IO
eapAkaSupiImsiPrefix:

logger:
enable
level: info #
reportCaller:

D AL A AW AT
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\I

R TR

* cd ~/free5gc/config
 sudo vim nrfcfg.yaml

1.0.2
ription: NRF initial local configuration

configuration:
jata me
$ sudo vim nrfcfg ~’b 3 mongodb /127.0.0.1:27017 #

a: 127.0.0.10
o~ vimik BB Y 1Rk T % iEnrfR 2 : # ed &

cert/nrf.pem
key: cert/nrf.key #
uItPlrmId

- nnrf-nfm
- nnrf-disc

reportCaller:

& B AAWK XY =
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* cd ~/free5gc/config
* sudo vim nssfcfg.yaml

H $ sudo vim nssfcfg.yaml

i vim ik R BT 2R L iEnssfiK TLE

D AL A AW AT
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* cd ~/free5gc/config
* sudo vim smfcfg.yaml

5 $ sudo vim smfcfg.yaml

B vimik BB Bl ¥ 2R LhiEsmfR LE(T - F)

D AL A AH T
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e

RS

* cd ~/free5gc/config
* sudo vim upfcfg.yaml

H S sudo vim upfcfg.yaml

&~ vimik R B Y e EshiBupf® 2B (T - F)

D AL A AH T

NATIONAL FORMOSA UNIVERSITY

62

1.0.3
description: UPF initial local configuration

: internet #
10.60.0.0/24 # (

1: info
reportCaller:

62
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* cd ~/freebgc
e sudo vim 001.sh

$ cd free5gc

S sudo vim 001.sh

D AL & A#H I AT
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Bl b e e A
S W A

#1/usr/bin/env bash

PID_LIST=()

NF_LIST="nrf amf smf udr pcf udm nssf ausf chf"

export GIN_MODE=release

for NF in ${NF_LIST}; do
./bin/${NF} &
PID_LIST+=($1)
sleep1

done

function terminate()

function terminate() sudo kill -SIGTERM ${PID_LIST[${#PID_LIST[@]}-2]} ${PID_LIST[S${#PID_LIST[@]}-1]}
1 -SIGTERM S{PID_LIST[${#PID_LIST[@]} ) sleep 2
trap terminate SIGINT
wait ${PID_LIST}
BTy~ T AR RS R
+ sudo chmod +x ./001.sh
64
D B A AHM XY
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#& » SIM—+ 12

E I R TSR R r S B> e
BE>SIM# e >3 B D> A
RERUGBe SRR BR)ERS

Hima

4o+ B3 T APN ~ MCC ~ MNC ol

o B2
APN iERIBE %

ERELR
APN B

ARG
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B ExUPF
* cd freeSgc
* sudo bin/upf
O BLREANBAS
66
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nux/and64

* cd freeSgc
« ./001.sh

tg from [
onfig fron [./co

67
© B kALY
NATIONAL FORMOSA UNIVERSITY
% Ex oNB
e cdsrsRAN P t/build/apps/gnb
cd srs roject/build/apps/gn
. do ./gnb -c gnb.yml
sudo ./gnb -c¢ gnb.ym
$ sudo ./gnb -c gnb.yml
The PRACH detector will not meet the performance requirements with the configuration {Format ©, ZCZ ©, SCS 1.25kHz, Rx ports 1}.
Lower PHY in quad executor mode.
SrsRAN gNB (commit f3ede7a5a)
Connecting to AMF on 127.60.1.100:38412
Available radio types: uhd and zmq.
1inux; GNU C++ version 11.4.0; Boost_107400; UHD_4.1.0.7-0-unknown
Fastpath logging disabled at runtime.
Making USRP object with args 'type=b20@,num_recv_frames=64,num_send_frames=64'
Detected Device: B200
Operating over USB 3.
Initialize CODEC control...
Initialize Radio control...
Performing register loopback test...
Register loopback test passed
Setting master clock rate selection to 'automatic'.
Asking for clock rate 16.000000 MHz...
Actually got clock rate 16.000000 MHz.
Setting master clock rate selection to 'manual'.
Asking for clock rate 23.040000 MHz...
Actually got clock rate 23.040000 MHz.
Cell pci=1, bw=20 MHz, 1T1R, dl_arfcn=428000 (n1), dl_freq=2140.0 MHz, dl_ssb_arfcn=426530, ul_freq=1950.0 MHz
gNodeB started
Type <t> to view trace
68
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USRP3k B

69

1B &4l BB T—
2.BL A §3E Pt R
3.4 Test PLMN 1-1(00101)(i2 1 53

Lt 5 )
4.F i &

PARLSGHERE BRZE (BIE) (46689)

B 56 #30
EMIR 56 ] 4G 7

B 56 sA Bt
819 5G WIS @I SA B

BB LTE #

RiFaoMaRmE

FERE (BRLE) (46692)

70
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& O W 86%

+-t a&‘i free5GC Bz UERANSIM
B % 1ER LBTES

’ free5GC 102
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1. 2e23% B R #iciz 4~ £ T 5 Open Twin
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Opentwins U

OpenTwins ¥ - & & F* % % gz #ci> A £ 48 (Digital Twins) hE 22 - H 1 8 p nE 5 E R EL
Fod ch@ AR RFI e S TR B o AT oIER] o Boi A PPN T AF S AR Ao Es T
1S FELSAS S ERREDRBECF BT RS S Aok F oS o

LiE A TICE

LB S A% 5 ey KR

29 BT R T Ry a@:_fr/»\ F7ic 4 o

34 AlEE ¢ e S o Ml F 2 4 .

4Bt BIRT Y LFHE AT IBE
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GHWMEE -AH

£ 3 CPU:6+ ~ 16G RAM -
64GB ROM % 17 } £ % Open Twin®

O BLEANBAS ’
75
A NEE -
X =
OS : Ubuntu Ubuntu 22.04.1
Docker v26.1.4
PC  Kubernetes v1.29.6
Helm v3 v3.15.2
Minikube v1.33.1
O BLEANBAS .
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Devices

e

Qunity
unity
20 moserotbe v
®Mongone. i
________ ¥ YR ! <export>
> Mongoos € 3 v
Dot o .

Unity's WebGL
build

Error dstection for

Eclipse Hono to Eclipse Hono with
oy

Kafka

koo oo

Other
inputs

E—

Kafka.1L
Machine Leaming

D AL &AW XT
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Opentwins

G
ditto
Grafana
Eciipse Ditto. HTTP Data visualzaton
Digta Toins s acces cono

KafkaMaTT

manapement of 33451 s

© telegraf | Inhux onox
kﬁo/ D) | anariorr | O telegaf s, | @ influxdd | o | ey pant o
Kafka or Mosquitto [iemrey i O spley) o Uriy's WebGL |~

Communicaten s 8 Gratana panel

Outs calecten

v

F ¢ 2R L OpenTwins erfz e » R iE T ez A DB HF T 5l
AF HREAS LR B BRERE Dl TREFN
Z F 2 i‘ﬁ?’{ﬁﬁtﬁf]ﬁzzﬁ,% it o 77

Eclipse Ditto : OpenTwins =% & e it
FILgF F 4 AD o 536 JSON %

’W}’/\ﬁ}»"[‘
e R A

APl B 21 Mk G frid d% o

Qunity

unity
3D model of e win

v Y
- Unity's WebGL.
: A
3 - |, S

Eclipse Hono : & 3 % : = : .

p e 1 s z»ﬂ = CICA I : MongoDB : 3 i #ic
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% #VirtualBox7.0

* https://www.virtualbox.org/wiki/Downloads

Irtuatbox

2ZaE  =ES Esge

Download VirtualBox

About
Screenshots Here you will find links to VirtualBox binaries and its source code.
Downloads VirtualBox binaries

Documentation By downloading, you agree to the terms and conditions of the respective license.

End-user docs VirtualBox 7.0.20 platform packages
« > Windows hosts

Technical docs

Contribute « Linux distributions
c ) « = Solaris hosts
ommunity « ©Solaris 11 IPS hosts

The binaries are released under the terms of the GPL version 3.

D AL &AW XT
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% #VirtualBox7.0

o TR BB AT L N

| "M Oracle VM VirtualBox 7.0.20 27

#0fEH Oracle VM VirtualBox
7.0.20 ZEHE

FEFBENTETRIEEEE Orade VM VirtualBox 7.0.20 =
#—TF [T—2] #E% [B0H] ERREEE -

J“ Version 7.0.20 BUHC)

D B A AW AT
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P E

Oracle VM VirtualBox#E B % @ F i\ % Oracle VM VirtualBox s » 7 F & * 2
TRAAMERR LA A2 R A

Oracle VM VirtualBox

:l::
% K

@ Oracle VM Vitusleox ERA
WEE) WBO) WG
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PR I MAG)  WEE) 4% B8

-

i © EUNEF

a_u

&% opentvin

FRAR Ubaato 1)
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b an

EL_ DRI T
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o
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% Kom s E p

LAl EBISOM ~ JEvBE A BT K

Li: N

9 Busans X 9 Sosant X

BRI A RS R R
BATOIUARETSTHERBDEIS . CEEOLIATE i Bo PR 4 HAVDRRISERITHEE £ WORDRRHE - SETOEWAERE VetaBox PER * 1L
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i #% Try or Install Ubuntu

GNU GRUB wversion 2.06

Try or Install Ubuntu

Ubuntu (safe graphics)

OEM install (for manufacturers)
Test memory

Use the t and ! keys to select which entry is highlighted.
Press enter to boot the selected 0S, ‘e’ to edit the commands
before booting or ° for a command-line.

QOR&@o BRIl ®rightca
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= B|:E #% ® < 3% Install Ubuntu

Install x

Welcome

[engish |
Espafiol

Esperanto

Euskara

Francais

Gaeilge

Galego

Hrvatski

islenska
Italiano Try Ubuntu Install Ubuntu
Kurdi

Latviski
Lietuviskai
Magyar

Nederlands or if you're ready, you can install Ubuntu alongside (or instead of) your current
operating system. This shouldn't take too long.

You can try Ubuntu without making any changes to your computer, directly from
this CD.

No localization (UTF-8)
Norsk bokmal
Narek nunarek You may wish to read the release notes.

BOL@o Bl G ®ric
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i£ #% continue

Install X
Keyboard layout

Choose your keyboard layout:

rgni

(US)

English (US) - Cherokee

English (US) - English (Colemak)
English (US) - English (Colemak-DH 1S0)
English (South Africa) Engl?sh (Us)- Engl?sh (Colemak-DH)
english (UK) English (US) - English (Dvorak)

English (US) English (US) - English (Dvorak, alt. intl.)

English (US) - English (Dvorak, intl., with dead keys)

English (Australian)
English (Cameroon)
English (Ghana)
English (Nigeria)

Esperanto s - kot with
Estonian Englfsh (E:)*Engl!sh (zorak, ?:: :n : L
Faroese nglfsh1 )- nql!sh1 oral ,nhg -handed)
Filipino Enqlfsh 1U5)-Engl!sh (Macintosh)
Finnish Englfsh1US)-Englfsh1Normanl)) ;
o ek
Type here to test
Detect Keyboard Layout
Ouit_ Rack
Qu@sE
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EFH T 2 E I {8 FContinue

Install ®

Updates and other software

what 3pps would you like to Install to start with?
© Normalirstallation

VAb beowsar, LIRS, olfica sOFtwarg, 0ames, avd media players.

Minima tion

VAb beowsar and basic utilties.
Other options
Download updat

This saves tine alter inatalion

while inatalling Ubuntu

rstall third-party

oftware for graphics and Wi-Fi hardware and additional media formats.

This softwara i Sabiect to bcense termsing

o WE S BCLMENLEIIN SOME & propr Ly

it Ra,

ok
gouso BR

D AL &AW XT

89
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X B R At
N L
1% # Install Now
Install x
Installation type
This computer currently has no detected operating systems. What would youlike to do?
© Erase disk and install Ul
Werning: This will delete o yo ama, documents, photos, music, and any other Flesin ol operating systems.
Advanced features. Nond ved
¥, or choase mukiok pertkios for Uounty
D BL kA ¥ T %
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:£ 3% Install Now
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X RS Rk

ﬁe?] > LHRAE(F A RT)~ EH# p B {2 Continue

Who are you?
Your name:  Lab °
Your computer's name:  lab-Virtusigex: [
rhe name it uses when & tals to other computers.
me: lab Y
Cheose. 0 eee @ Short password
Confirm you Wt 800 o
[© Login suomatical lly

Require my password to login

Use Active Directary

Cantis

DonEs  BRUSHRNm
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> Retrieving file 29 of 29 sk
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BOREO SRS |
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Restart Now

Installation Complete

VOREH BRUDRn |
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P4 opentwins [277] - Oracle VM VirtualBox
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Pd opentwins [1175] - Oracle VM VirtualBox
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Activities

S Bo0 O GE©

P4 opentwins [$11T%] - Oracle VM VirtualBox
HE 8 ®E @A BE RH
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e
USB
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R

VBox_GAs_7.0.16

o 37 B {435 Flautorun.sh » 3+ 42 2% Run as a Program

Activities (©) VBox_GAs_7.0.16

(®© VBox_GAs_7.0.16

0 Recent

% Starred
(i Home

[ Documents
& Downloads
I Music

(& Pictures
5 Videos

® Trash

Contains software to run

VBoxDarwi

nAdditions.

pkg

windows11-

bypass.reg

D AL A AH T
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autor

VBoxDarwi  VBOXLinUXA  VBox
nAdditions dditions. sAddi
Uninstall.... run pl

+ 23 15:21

[#) open with Text Editor
Open With Other Application
Runas a Program

Copy

Copyto...

Send to...

Properties

5 TBL
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Authentication Required

tication is needed to run’ /bin/sh' as the

99

2 2 -2 )
* 5§ ¥Press Return to close this window... & » B B AL T #-m 548 £ A7H 1
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e -z ]2
X T
s £ AT 815 - Fﬁfrﬁ‘ MUETH R ONGET g RS OB e ERE

Activities

)

(=) Terminal

opentwins@opentwins-VirtualBox: ~

To run a command as administrator (user "root"), use "sudo <command>"

See

"man sudo_root" for details.

s[

Paste
Read-Only
Preferences
New Window
New Tab

Show Menubar

D AL & A#H I AT
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>l % st
§z; iii -I- ) ji \:s’iL*
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%] 5 Ubuntu i Sen{ #7405 4R - 4 (79 S w L7 ctrl+ alt+T7 14 B 44 TerminaI#L?f ol ke

apt update&&sudo apt upgrade 1" fij > }’»l% kA e g i s EAad Bt

:$ sudo apt-get update && sudo apt-get upgrade
http://tw.archive.ubuntu.com/ubuntu jammy InRelease
http://tw.archive.ubuntu.com/ubuntu jammy-updates InRelease
http://security.ubuntu.com/ubuntu jammy-security InRelease
http://tw.archive.ubuntu.com/ubuntu jammy-backports InRelease

Reading package lists... Done
Reading package lists... Done
Building dependency tree... Done
Reading state information... Done
Calculating upgrade... Done

The following packages were automatically installed and are no longer required:

chromium-codecs-ffmpeg-extra gstreamer1.0-vaapi 1965-va-driver
intel-media-va-driver libaacs® libaom3 libass9 libavcodec58 libavformatss
libavutil56 1libbdplus® libblas3 libbluray2 1libbs2b® libchromaprintil
libcodec2-1.0 libdavid5 libflashrom1 libflitel libftdi1-2 1libgme® libgsmi1
libgstreamer-plugins-bad1.0-0 libigdgmmi2 1iblilv-0-6 1libllvm13 1libmfx1
libmysofal libnorm1 libopenmpt® 1libpgm-5.3-0 libpostproc55 librabbitmq4
librubberband2 libserd-0-6 libshine3 libsnappylv5 libsord-0-6 libsratom-0-6
libsrt1.4-gnutls libssh-gcrypt-4 libswresample3 libswscale5 libudfreade
1libva-drm2 libva-wayland2 libva-x11-2 libva2 libvdpaul libvidstab1.1
11bx265-199 libxvidcore4 libzimg2 1ibzmq5 libzvbi-common libzvbie
mesa-va-drivers mesa-vdpau-drivers pocketsphinx-en-us va-driver-all
vdpau-driver-all

Use 'sudo apt autoremove' to remove them.

The following packages have been kept back:
girl.2-javascriptcoregtk-4.0 girl.2-webkit2-4.0 libjavascriptcoregtk-4.0-18
libwebkit2gtk-4.0-37 python3-software-properties python3-update-manager
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sudo apt-get update

:-$ sudo apt-get update

Hit:1 http://tw.archive.ubuntu.com/ubuntu jammy InRelease
Hit:2 http://tw.archive.ubuntu.com/ubuntu jammy-updates InRelease

Hit:3 http://tw.archive.ubuntu.com/ubuntu jammy-backports InRelease
Hit:4 http://security.ubuntu.com/ubuntu jammy-security InRelease

Reading package lists... Done

D Az AA#HK

NATIONAL FORMOSA UNIVE

103
X %

RSITY

104

sudo apt-get install \
ca-certificates \
curl \

gnupg \
Isb-release

D A2 AAWIK

NATIONAL FORMOSA UNIVE

:§ sudo apt-get install \
ca-certificates \
curl \
gnupg \
1sb-release
Reading package lists... Done
Building dependency tree... Done
Reading state information... Done
Isb-release is already the newest version (11.1.eubuntua).
sb-release set to manually installed.
ca-certificates is already the newest version (20230311ubuntu@.22.04.1).
ca-certificates set to manually installed.
gnupg is already the newest version (2.2.27-3ubuntu2.1)
gnupg set to manually installed.
The following packages were automatically installed and are no longer required:
chroniun-codecs-ffmpeg-extra gstreamer1.0-vaapi 1965-va-driver intel-media-va-driver libaacse libaom3 libass9 libavcodecss
Llibavformatss libavutilse libbdpluse libblas3 libbluray2 libbs2be libchromaprintl libcodec2-1.6 libdavids libflashromi libflite1
1ibftdi1-2 libgme® libgsmi libgstreamer-plugins-bad1.6-6 libigdgmmi2 liblilv-6-6 libllvmi3 libmfx1 libmysofal libnormi libopenmpte
libpgn-5.3-6 libpostprocss librabbitmgd librubberband2 libserd-6-6 libshine3 libsnappylvs libsord-8-6 libsratom-8-6 libsrti.4-gnutls
1ibssh-gcrypt-4 libswresample3 libswscales libudfreade libva-drm2 libva-wayland2 libva-x11-2 libva2 libvdpaul libvidstabl.1 1ibx265-199

104
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7 #¢ Docker e F * GPG % 4%
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sudo mkdir -p /etc/apt/keyrings
curl -fsSL https://download.docker.com/linux/ubuntu/gpg | sudo gpg --dearmor -o
/etc/apt/keyrings/docker.gpg

:$ sudo mkdir -p /etc/apt/keyrings

curl -fsSL https://download.docker.com/1linux/ubuntu/gpg | sudo gpg --dearmor -o /etc/apt/keyrings/docker.gpg

105
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X ¥ Docker ef8 T iy 3
echo \
"deb [arch=$(dpkg --print-architecture) signed-by=/etc/apt/keyrings/docker.gpg]
https://download.docker.com/linux/ubuntu \
S(Isb_release -cs) stable" | sudo tee /etc/apt/sources.list.d/docker.list > /dev/null
:-$ echo \
"deb [arch=$(dpkg --print-architecture) signed-by=/etc/apt/keyrings/docker.gpg] https://download.docker.com/linux/ubuntu \
$(lsb_release -cs) stable" | sudo tee /etc/apt/sources.list.d/docker.list > /dev/null
106
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* sudo apt-get update

* sudo apt-get install docker-ce docker-ce-cli containerd.io docker-buildx-plugin docker-compose-

plugin

$ sudo apt-get update
sudo apt-get install docker-ce docker-ce-cli containerd.io docker-buildx-plugin docker-compose-plugin
/ ive.ubuntu.com/ubuntu jammy InRelease
.ubuntu.com/ubuntu jammy-updates InRelease
//tw.archive.ubuntu.com/ubuntu jammy-backports InRele.
s://download.docker .con/inux/ubuntu jammy InRelease [48.8 k8]
//download. docker .com/1inux/ubuntu jammy/stable amd64 Packages [35.6 kB]

http://security.ubuntu.com/ubuntu jammy

Fetched 84.4 kB in 5s (15.4 k8/
Reading package lists... Done
Reading package lists... Done
Butlding dependency tree... Done
ate i{nformation
following packa
chromiun-cod

libavformats vutilsé libbdplu:

1ibftdi1-2 libgmed libgsm1 libgstreamer-plugins-badi
1ibpgn-5.3-0 libpostprocss librabbitmqd libr

curity InRelease

river intel-media-va-driver libaa 1ibaom3 libass9 libavcodecss
@ libchromaprinti libcodec2-1.6 libdavids libflashromi libflite1
dgmm12 1iblilv-6-8 libllvmi3 libmfx1 libmysofal libnormi libopenmpt®

bberband2 libserd-6-8 libshine3 libsnappylvs libsord-8-6 libsratom-0-6 libsrt1.4-gnutls

Libssh-gcrypt-4 Libswresample3 libswscales libudfreado libva-drm2 libva-wayland2 libva-x11-2 libva2 libvdpaul libvidstabi.1 1ibx265-199
libxvidcored 1ibzimg2 1ibzmqs libzvbi-common 1ibzvbi® mesa-va-drivers mesa-vdpau-drivers pocketsphinx-en-us va-driver-all

vdpau-driver-all
"sudo apt autoremove' to remove them.

The following additional packages will be installe

docker-ce-rootless-extras git git-man liberror-perl libslirpé pigz slirpanetns

Suggested packag

107

107
D AL & A#H I AT
NATIONAL FORMOSA UNIVERSITY
2/ > N w
T 2. LJOCKCTI
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$ sudo systemctl start docker
* sudo systemctl start docker sudo systenctl enable docker
sudo docker run hello-world
. Sudo Systemctl enab'e docker Synchr(.)m%lnglstate of docker.service with SysV service script with /lib/systemd/s|
Executing: /lib/systemd/systemd-sysv-install enable docker
Unable to find image 'hello-worl atest' locally
. -
sudo docker run hello-world Totest: pulling fron Uibrary/hello-worid
clec31eb5944: Pull complete
Digest: sha256:94323f3e5e09a8b9515d74337010375a456c909543e1ff1538f5116d38ab3989
Status: Downloaded newer image for hello-world:latest
Hello from Docker!
This message shows that your installation appears to be working correctly.
To generate this message, Docker took the following steps:
The Docker client contacted the Docker daemon.
The Docker daemon pulled the "hello-world" image from the Docker Hub.
(amd64)
The Docker daemon created a new container from that image which runs the
executable that produces the output you are currently reading
The Docker daemon streamed that output to the Docker client, which sent it
to your terminal.
To try something more ambitious, you can run an Ubuntu container with:
$ docker run -it ubuntu bash
Share images, automate workflows, and more with a free Docker I
https://hub.docker.com/
For more examples and ideas, visit:
https://docs.docker.com/get-started/
108
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Frds T %75 Docker

4% 4 |47 123 "Hello from Docker!" 112 & » P3P Docker ® 51 F&
2t root * ** i# {7 Docker
sudo usermod -aG docker SUSER

P

KT ET o

£ A7 € ATk d Docker
newgrp docker

S sudo usermod -aG docker SUSER

S newgrp docker

& BE Ak AW XY

NATIONAL FORMOSA UNIVERSITY

Exd T % 2% Docker

e Docker 3% %
docker run hello-world

:-$ docker run hello-world

Hello from Docker!
This message shows that your installation appears to be working correctly.

To generate this message, Docker took the following steps:
. The Docker client contacted the Docker daemon.
. The Docker daemon pulled the "hello-world" image from the Docker Hub.
(amd64)
. The Docker daemon created a new container from that image which runs the
executable that produces the output you are currently reading.

. The Docker daemon streamed that output to the Docker client, which sent it
to your terminal.

To try something more ambitious, you can run an Ubuntu container with:
S docker run -it ubuntu bash

Share images, automate workflows, and more with a free Docker ID:
https://hub.docker.com/

For more examples and ideas, visit:
https://docs.docker.com/get-started/
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% % kubectl

sudo snap install kubectl --classic

:-$ sudo snap install kubectl --classic

kubectl 1.29.6 from Canonical+ installed

111
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ol = =
FE3% kubectl = % = 74
kubectl version --client
S kubectl version --client

Client Version: v1.29.6

Kustomize Version: v5.0.4-0.20230601165947-6ce0Obf390ce3

o % ~F} 3| kubectl 5K & 85 > WP & A

O B2 £ A¥K XY -

112

56



% % Helm v3
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curl https://raw.githubusercontent.com/helm/helm/master/scripts/get-helm-3 | bash

:$ curl https://raw.githubusercontent.com/helm/helm/master/scripts/get-helm-3 | bash
% Total % Received % Xferd Average Speed Time Time Time Current
Dload Upload Total Spent Left Speed
100 11694 1600 11694 (] 0 22454 () ooBocq 8ocg = :-- 22445

Downloading https://get.helm.sh/helm-v3.15.2-1inux-amd64.tar.gz
Verifying checksum... Done.

Preparing to install helm into /usr/local/bin

helm installed into /usr/local/bin/helm

113
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Lo Im = 22
Frae Helm % 55 = 74
helm version
:$ helm version

version.BuildInfo{Version:"v3.15.2", GitCommit:"1a500d5625419a524fdae4b33de351cc4f58ec35", GitTreeSta

te:"clean”, GoVersion:"go1.22.4"}

Yo% —ﬁ‘ F| Helm 53K A 55 » 3P % = 5

114
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2 * Minikube 3k & A~ ¥ Kubernetes £ ##

™ §* Minikube % % %r*
curl -LO https://storage.googleapis.com/minikube/releases/latest/minikube-linux-amd64

:$ curl -LO https://storage.googleapis.com/minikube/releases/lates

t/minikube-linux-amd64
% Total % Received % Xferd Average Speed Time Time Time Current
Dload Upload Total Spent Left Speed
3 91.1M 3 3202k 0 0 536k © 0:02:54 0:00:05 ©0:02:49 584kl

115

D AL A AW AT

NATIONAL FORMOSA UNIVERSITY

115

& * Minikube %X ¥ & 3 Kubernetes & #

% % Minikube

sudo install minikube-linux-amd64 /usr/local/bin/minikube
7% Minikube % % = #

minikube version

:$ sudo install minikube-linux-amd64 /usr/local/bin/minikube
:$ minikube version
minikube version: v1.33.1

commit: 5883c09216182566a63dff4c326a6fc9ed2982ff
:-$S minikube version

minikube version: v1.33.1
commit: 5883c09216182566a63dff4c326a6fc9ed2982ff

116
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W

2% ¥ Minikube & ¥

minikube start --cpus 4 --disk-size 40gb --memory 8192

: S minikube start --cpus 4 --disk-size 40gb --memory 8192
minikube v1.33.1 on Ubuntu 22.04 (vbox/amd64)
Automatically selected the docker driver. Other choices: none, ssh
Using Docker driver with root privileges
Starting "minikube" primary control-plane node in "minikube" cluster
Pulling base image v0.0.44 ...
Downloading Kubernetes v1.30.0 preload ...
> preloaded-images-k8s-vi18-v1 : 342.90 MiB / 342.90 MiB 100.00% 5.25 Mi
> gcr.io/k8s-minikube/kicbase 481.58 MiB / 481.58 MiB 100.00% 6.45 Mi
Creating docker container (CPUs=4, Memory=8192MB) ...
Preparing Kubernetes v1.30.0 on Docker 26.1.1 ...
m Generating certificates and keys ...
m Booting up control plane ...
m Configuring RBAC rules ...
Configuring bridge CNI (Container Networking Interface) ...
Verifying Kubernetes components...
m Using image gcr.io/k8s-minikube/storage-provisioner:v5s
Enabled addons: default-storageclass, storage-provisioner
Done! kubectl is now configured to use "minikube" cluster and "default" namespace by default

i g fxd - B¢ 7 4% CPU -~ 40GBH #-1- 8GB 3z g #f c4 3+ Kubernetes # 3 >
SRS R R B sz

& Bk AWK XY
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e K . . &-‘)
2k B Minikube £ #
2% ¥ kubectl # * Minikube s+ T <
kubectl config use-context minikube
g use-context minikube
Switched to context "minikube
118
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2%k ¥ Minikube & ##

#73# OpenTwins helm B % #7 &« ERTIS & 5 &

helm repo add ertis https://ertis-research.github.io/Helm-charts/

: S helm repo add ertis https://ertis-research.github.io/Helm-charts/

"ertis" has been added to your repositories

119
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2k ¥ Minikube & ##
Bl b o2 m
kubectl create namespace opentwins
:-$ kubectl create namespace opentwins
namespace/opentwins created
120
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#, 7 Helm #hOpenTwins3® 4 ¢ 4

(PR gREEFA- PR
helm upgrade --install opentwins ertis/OpenTwins -n opentwins --wait --dependency-update --timeout 60m

:S helm upgrade --install opentwins ertis/OpenTwins -n opentwins -
-wait --dependency-update --timeout 40m
Release "opentwins" has been upgraded. Happy Helming!
NAME: opentwins

LAST DEPLOYED: Fri Jul 5 17:25:13 2024
NAMESPACE: opentwins

STATUS: deployed

REVISION: 4
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/= ’ 2 . > E12 ‘l> /
# 7 Helm “OpenTwinsR /g & 4
4r % helm upgrade —-install & £ = = {52 F $°45 > PIX ZEARZ LS Hae 7 g U™
& 2 k4 & Helm ¥ 755 ek
helm list -n opentwins
:-S helm list -n opentwins
NAME NAMESPACE REVISION UPDATED STATUS
HART APP VERSION
opentwins opentwins 4 2024-07-05 17:25:13.993990941 +0800 CST deployed
penTwins-0.5.17 0.5.0
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# 7 Helm «OpenTwinsi® /g ¢ £

1 % opentwins & % 3 ' ¢ “7§ Pod ek fi > FE % U 8> Running 2 Completed s f

kubectl get pods -n opentwins

NAME

:-$ kubectl get pods -n opentwins

READY

opentwins-ditto-connectivity-85896d76b6-6sfq7 1/1
opentwins-ditto-extended-api-65b8586b49-m621z 1/1
opentwins-ditto-gateway-86dd95d46c-65ztw
opentwins-ditto-nginx-856bbd86b7-pdxfm
opentwins-ditto-policies-6fd5d86476-2sccc

opentwins-ditto-things-7c559474cd-n4n47
opentwins-ditto-thingssearch-8fcb67669-1z267 1/1

opentwins-grafana-7d4cfbd857-q6g4n

opentwins-influxdb2-0

opentwins-mongodb-657dfd5646-sz5vs
opentwins-mosquitto-66d8f6955c-f64n9
opentwins-telegraf-c6bobddc-zbsb7

D AL & A#H I AT
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1/1
1/1
1/1
1/1

2/2
1/1
1/1
1/1
1/1

STATUS RESTARTS AGE

Running 0 7m58s
Running 0 7m58s
Running 0 7m58s
Running 0 7m58s
Running 0 7m58s
Running 0 7m58s
Running 0 7m58s
Running 0 7m58s
Running 0 7m58s
Running 0 7m58s
Running 0 7m58s
Running 3 (4m50s ago) 7m58s

123
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A elm =70penlwinssh /g ¢¢ %
P 25 s ). AE . S Lo £,
t &7 PRARGR o NIRRT PR I Fifh
kubectl get services -n opentwins
:-$ kubectl get services -n opentwins
NAME TYPE CLUSTER-IP EXTERNAL-IP PORT(S)
opentwins-ditto-extended-api NodePort 10.100.84.155 <none> 8080:30526/TCP
opentwins-ditto-gateway ClusterIpP 10.110.78.45 <none> 8080/TCP
opentwins-ditto-nginx NodePort 10.103.42.251 <none> 8080:30525/TCP
opentwins-grafana NodePort 10.109.126.54 <none> 80:30718/TCP
opentwins-influxdb2 NodePort 10.103.196.43 <none> 80:30716/TCP
opentwins-mongodb NodePort 10.108.214.181  <none> 27017:30717/TCP
opentwins-mosquitto NodePort 10.101.31.38 <none> 1883:30511/TCP,9001:32463/TCP
D BL A AW XY
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= 3% Minikube IP # 3+

minikube ip :-$ minikube ip
192.168.49.2

R 5 2508 1 % 192.168.49.2
¢} 28 URL
195 & ﬁﬂﬂﬁﬁﬁﬁl d s ipuat B F B PRIRcHF 2% URL ¢
Eclipse Ditto #% >« API
URL: http://192.168.49.2:30526

Eclipse Ditto Nginx
URL: http://192.168.49.2:30525

Grafana
URL: http://192.168.49.2:30718
¥ 11 A /i’]%‘?‘f’ PR EE URL RAE3uPRAALF & FiE 7 o

125
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Grafana /i o
5%'57@?] »:192.168.49.2:30718
¥ 14 iE ~ Grafana /i @
TP L @A Jﬂ‘adminﬂfrﬁé% admin
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Grafana /i w
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w

Welcome to Grafana
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Grafana /i &

T Skip¥ »

Welcome to Grafana
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B3 Firefox Privacy Notice — %

R S T N H T E # Administration > P
Plugins - 3£ 7842 {5 » 35 F|OpenTwinsd® i
BRI PRy
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B Grafana x | +

O 8 192.168.49.2:307
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H#7F open twins » iE B~+ T & fhopentwins
Plugins
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Grafana /i w

AP A N

Eclipse Ditto URL:
http://192.168.49.2:30525
Eclipse Ditto Extended APT URL:
http://192.168.49.2:30526

Ditto username:
ditto
Ditto passward:

ditto
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Grafana /i w

App > OpenTwins f % ] F £.5% &
HEIo B3| v hjp® 4250 o
B AT B4 % OpenTwins
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Grafana /i w

OpenTwins
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# ol

—H ® 25T Lt g o A j‘g_ﬁ\]}gj_ BAF & B i oo Lt At & ﬁﬁi‘]”car"ﬂfr”wheel” A
Boi T fod T SR AR E L A M BBk GLAF T I D BT BF o - Lot g
KL RE > BT BRI SRR T e BRI RA S RS BB N AT pe
WEE RS el o TSR SRR TR S AR R G e e

Namespace: example

Twins Types
A [
'
instanceOf ! :
& 65 |
mycar " ocar

T A
AEENE @

wheel_1 wheel_2 wheel_3 wheel_4
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i > opentwin /i &
& » Type

OpenTwins

+ Create new type

B4 4 h+ Create new type
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Create new type

Identification

d - example

- car

default:basic_policy

Type information Car

g Ot Digital twin example for quickstart

v . https://images.pexels.com/photos/119435/pexels-photo-
o= 119435.jpeg

Digital twin example for quickstart

Image

hitps://images.pexels.com/photos/119435/pexels-photo-119435 jpeg
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B gps > T 4Addse >

Attributes
Attributes de

Thin

Name

Add

Features
Features are used to manage all data and ful

Name of feature

aps

Add

ﬁ‘b?] » % 18 4% Create typedt- 4=
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NATIONAL FORMOSA UNIVERSITY

138

69


https://images.pexels.com/photos/119435/pexels-photo-119435.jpeg
https://images.pexels.com/photos/119435/pexels-photo-119435.jpeg

2025/2/13

¥ ¥|Type /i &

NATIONAL FORMOSA UNIVERSITY

139

&) B A AWK XY

NATIONAL FORMOSA UNIVERSITY

140

70



2025/2/13

2L # Hierarchy

OpenTwins

Static data Dynamic data
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i » Hierarchy{é B:#F §£ ¢ Create new child A+ 31 (4
B #m+)
i OpenTwins
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£12Z twin:
i » Twin

OpenTwins

F 7T E 4 Create new Twin

+ Create new twin

& Bk AWK XY
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27 W~
) OpenTwins ﬁg?l * 18 % Create twin

® Twins

Create new twin

= “
example

-

Twin information
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OpenTwins
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3 7, }7‘ )}'_
#= 7 i
# Kpip:
sudo apt-get install python3-pip
d AL B R hlidy o AP EA)aE - B Python #rak o EHPAE SHCTE 2 H A phA & -
=X S Bicdy 0 T Ditto 15 TUR-H 3 3% T Mosquitto o & 38 FHrA > A E R X F MQTT =g
Paho &
pip install paho-mqtt
pip install typing_extensions
sudo apt install build-essential vim
#iz » sudo vim car.py
B2 AL AT (BT 2 Y e M MQTT SILp pfesp {505 (6 2 s aqoif)
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éi?l 18 B ETAR S
python3 car. py
B i I R
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:wheel_1 data published
:wheel 2 data published
:wheel 3 data published
:wheel 4 data published

data published

:wheel_1 data published

wheel 2 data published
wheel 3 data published

:wheel_4 data published

data published

:wheel_1 data published
:wheel 2 data published
:wheel_3 data published
:wheel 4 data published

data published

:wheel_1 data published
:wheel 2 data published
:wheel 3 data published
:wheel 4 data published

data published

:wheel_1 data published

:wheel_4 data published

data published

:wheel_1 data published
:wheel 2 data published

wheel 3 data published

:wheel 4 data published

data published

:wheel_1 data published

wheel_2 data published

:wheel 3 data published
:wheel 4 data published

OpenTwins

€ Apps

OpenTwins
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OpenTwins

151
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A23% B 47 7 opentwin B 45 HciE {8
#i% ¥ ¢ 4§ 1Dashboards
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O Dashboards
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i~ 18 BhiE New 2% 18 2ENew Dashboard
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L
2L:iE ¢ B Add visualization
Start your new dashboard by adding a visualization
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Data source i # openywins
Ris BT oo E

import "strings"
from(bucket: "default")

| > range(start: v.timeRangeStart, stop: v.timeRangeStop)

| > filter(fn: (r) => r["_measurement"] == "mqtt_consumer")

| > filter(fn: (r) => r["thingld"] == "example:mycar")

| > filter(fn: (r) => r["_field"] ==
"value_gps_properties_latitude" or r["_field"] ==
"value_gps_properties_longitude")

| > map(fn: (r) => ({ r with _field: strings.replace(v: r["_field"], t:
"value_gps_properties_", u: "",i: 2) }))

|> keep (columns: ["_value", "_field", "_time"])

|> sort(columns: ["_time"], desc: false)

| > last()
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R+ £ EH B S statip 3¢
|
Visualizations
ﬁ Txme series
Bar chart
ulll o5
12.4 stat
) "
Gauge
79
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i3 zxtitle 2 Current GPS
2R is £ Apply

Save | Apply
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Visualization
5

Ro

Import from library
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Data source i£ % openywins
RS AT mH
import "strings"

from(bucket: "default")
| > range(start: v.timeRangeStart, stop: v.timeRangeStop)

| > filter(fn: (r) => r["_measurement"] == "mqtt_consumer")

| > filter(fn: (r) => r["thingld"] == "example:mycar")

| > filter(fn: (r) => r["_field"] ==
"value_gps_properties_latitude" or r["_field"] ==
"value_gps_properties_longitude")

|> map(fn: (r) => ({ r with _field: strings.replace(v: r["_field"], t:
"value_gps_properties_", u: "",i: 2) }))

|> keep (columns: ["_value", "_field", "_time"])
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iz zztitle % GPS evolution
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longitude

31.9 -120
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Data source i # openywins
R AT G E
import "strings"
from(bucket: "default")

| > range(start: v.timeRangeStart, stop: v.timeRangeStop)

| > filter(fn: (r) => r["_measurement"] == "mqtt_consumer")

| > filter(fn: (r) => strings.hasPrefix(v: r["thingld"], prefix:
"example:mycar:wheel_"))

| > filter(fn: (r) => r["_field"] ==
"value_direction_properties_value")

|> map(fn: (r) => ({ r with thingld: strings.replace(v:
r["thingld"], t: "example:mycar:", u: "", i: 2) }))

|> keep (columns: ["thingld", "_value", "_time"])

|> sort(columns: ["_time"], desc: false)

| > last()
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F. ¥ 4% 7% iF Gauge 2 #<title 3 Current direction of wheels
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Data source i£ #% openywins
Ris ™ o E »
import "strings"
from(bucket: "default")
|> range(start: v.timeRangeStart, stop: v.timeRangeStop)
| > filter(fn: (r) => r["_measurement"] == "mqtt_consumer")
| > filter(fn: (r) => strings.hasPrefix(v: r["thingld"], prefix:
"example:mycar:wheel_"))
| > filter(fn: (r) => r["_field"] ==
"value_velocity_properties_value")
|> map(fn: (r) => ({ r with thingld: strings.replace(v:
r["thingld"], t: "example:mycar:", u: "", i: 2) }))

non

|> keep (columns: ["thingld", "_value", "_time"])
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longitude
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T ATH #18 B Exmimikube
* minikube start

+-$ minikube start

minikube v1.33.1 on Ubuntu 22.04

Using the docker driver based on existing profile
‘ Starting "minikube" primary control-plane node in "minikube" cluster
& Pulling base image v0.0.44 ...

Restarting existing docker container for "minikube" ...

Preparing Kubernetes v1.30.0 on Docker 26.1.1 ...
) Verifying Kubernetes components...
m Using image gcr.io/k8s-minikube/storage-provisioner:vs
f. Enabled addons: storage-provisioner, default-storageclass
Done! kubectl is now configured to use "minikube" cluster and "default" namespace by default
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