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O\ SYNEREX

High-Precision Positioning

1 I

SMC-2000 & SMC+& ROS2t H&st= 20| CHsiM Z|=% =M YULICEH
HX ROSOIA SMC-2000 & SMC+2| GPS Heading BEE AFE3t7| fI8iA & Moving base, Rover £
242t 28510 AL83Hof gtLCt.

-

2  HNistAret
Of Alo] MM WHS otz HHOM HAEY W

- Ubuntu 20.04 : ROS noetic, ROS2 foxy
- Ubuntu 22.04 : ROS2 Humble

siE HTO| ot ZR0l= 23 YHo| 4ojgd &= UFLCH

RTCM MHE FIHNOZ =28GHM ZL https://github.com/KumarRobotics/ublox.git 2 &AE ZH
colcon builldE &7t = AS HE S ULCE AT rosOlM XM3Sts ublox TH7|X|Q] AL rosE
rtem =EE TS0 2 HEE AY EO{FUS M HEO| HX| f= =HFO| JAFLICE FIHHQ

o

I

o

r2 of
N

RTCM MHE &83tAl= 827t Zt ros HHEYE ublox T7|X|E E&JIME smc-20008 &
St= Ao XM= & UL
ESE ZF Ubuntu versiond 2 ROSS| HX|&= otz 39| wheiof war dX| 7hsgL

ROS noetic : https://wiki.ros.org/noetic/Installation/Ubuntu

ROS2 foxy : https://docs.ros.org/en/foxy/Installation.html

ROS2 humble : https://docs.ros.org/en/humble/Installation/Ubuntu-Install-Debians.html

3 SMC-2000 & SMC+ AlXmlel M=
3.1 u-center 22 &« AAIIY R E

u-center CH2EE: https://www.u-blox.com/en/product/u-center

MYt CHRZE: https://synerex.tistory.com/4

32 £34 Itg &8

@ SMC-2000(or SMC+)0| 5% =< [[H, SMC-2000 A 59| GPS USB 2} PC & ¢HZABIMA|Q.
SMC+& &&E USBAZ AHO|2Z AFES] AZG FHAIRL.
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@ 2. U-center Al = QIAMEl ZEZ AZASIMUAIL,
e u-center 22.07
File Edit ‘iew Player Receiver Tools Window Help

DHS- Sk bR &
QBB EDEE-E-E-m-| O @ B
‘Alelnu e naD i | M |
b e | |
Caofom v A A

*  Disconnect

MNetwork connection

Location API
Sensor AP
Universal Gnss Driver (Win 10)

® 3. &t o&HE > Tools > Receiver Configuration & A3sI0] FHAIL,
@ CoM3 @ 9600 - u-center 22.07
File Edit ‘View Player Receiver Teols Window Help

DE&E~ &% K Firmware Update. . Ctrl=U

, Legacy Firmware Update...
Sl w g B e =] -
o @ @ ﬁ' BE | EE | ; Dump Receiver Diagnostics...

CA @1 > W A DK ublox 7/8/MS8 Retrieve Log...
e e M & & ‘.| AssistNow Offline >

AssistMow Online

A

Hotkeys...

Preferences...

@ 4. Configuration file 2| ..HHES Z2&/5l0] 8= 0| XMatst Configuration file & MEst =
Transfer File -> GNSS HHEE 225t0| Configuration file 2 H&3l0] FAHA|L.
Load/Save Receiver Configuration X
Generation: Iu-blo:-c Generation 3 j
Configuration file:
|C SUzers\CMAD ocumentshSMC-20004setting 02, 5k C-2000 FIP setl_l .
Edi... |
—Save configuration
Retries [for every message): E Transfer GNSS -» Filel
— Load configuration
I Store configuration intoE BRAFlazh
[non-walatile remary]
Cloze |
SMC-2000 = 05.MB_SMC-2000_F9P setting_FW1.30_5Hz_5_BASE.txt It2S X&,
SMC+0fl= 06.MB_SMC+PLS_FIP setting_FW1.30_5Hz_ ROVERtxt It S M8 FAA|L

® 5. &t O&HE > View > Messages View & A $F = UBX>CFG>CFG E50{A
Save current configuration 2 ME} ot & 21F SICtO| Send HES S0 AXS
HEs FHUAR.
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Q\ SYNEREX

° COM3 @ 9600 - u-center 22.07
File Edit | View | Player Receiver Tools Window Help

ODE G Packet Consale F6

Binary Conscle F = =
] ] i I
N Text Console F8 Jm =l

L

Messages View Fa |
H o Jiw
b Cenfiguration View Ctrl+F9
= > 0 Generation 9 Configuration View

=N

P Messages - UBX - CFG (Config) - CFG (Configuration)

U - CFE [Config) - CF [Configuration]

" Revett to last saved configuration Biefees
© Revert allbut ANT default configuration

% Save curent configuration

" User defined operation

2-12C-EEPROM
4-5PIFLASH

Clear Save

- Reserved
9-RINY

15 - Unused v

15 - Urwsed v

[

<
81 x [l X o @

4 SMC-2000 Et=3M 0 o
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ol O 1T y
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=R
e—mﬂuum 3
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: Ry
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SMC-20002 Et=o =2 AZAIO|& ofgf ZEE 7|2FHo=2 HZAZ dfjof gLCt

= Cf
LTE QtE|L} ZE(®)

- LTE Antenna %2
GPS YH|Lt ZE(@®)

- GPS Antenna ®Z

GPS USB ZE(®)
- A8 KXot A

FOI

—

Joo

42 &HZE

Ubunbu 0| SMC2000 2| GPS USB £ ¢ &

22 2 I Ubuntu oA &X| 0|52 YEIECE
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O\ SYNEREX

p.am» High-Precision Positioning

Ubuntu Ol Al HOIE22 E2 YU DAIX| &l HH HAHTILICL Permission denied 2h= HIA|X| 7t
EE M sudo E F7IHIA TS HASHALE X Y2t HEg TS AT Fof YH HMX|
YHS HASIH SMC2000 OlA] £3HE|= NMEA HIAIXIE &olgh = A&LCh.

- Y3 mAIX] =l FH : cat /dev/ttyACMO

- X 23S ¥ : sudo chmod a+rw /dev/ttyACMO

NMEA BIAIX|7} Z2{0] ot A0l AlA®e| QIAIEl SMC2000 ©] EX|YS ChAl olsta
Al o OF gt LTt

5 SMC-2000 & SMC+ /& GNSS &17] 4

51 SMC-2000 && & S& ZE HZE

4 —

"41 Mel 9 SEM ZE AHZA" Ho| Y= SMC-2000 tHe A9 HZAD ZASA RIATHL|CL

52 SMC+ &3 & SHEE HZ

o

SMC+ of M@ 8l 7|2 &4 ZE HZ2 ofgfet €2 ZEE HZAYUCLL

GPS CQHH|L} ZE(@)
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Q> SYNEREX

High-Precision Positioning

- GPS Antenna 9Z

GPS USB ZE(®)
- A8 Xt A
53 USBAUZ 7 0l== A8 AZ

GPS UART2 ZE(Q)
- SMC-20001 SMC+XZ

- SMC-20002| GPS UART2 ZEQ} SMC+2| GPS UART2 ZE+= Oz} #HO|E2S AtE
30cm
SMC+ SMC-2000
=
GHR-08V-8 GHR-08V-S

53 012 =0l
‘42 M 9 BA ZE AHZA" HO| U= SMC-2000 EHE A9 2ol SUSHA TldBhL|Ct
SMC+9| HZ =20l Al HXH2 A|AH”Y QAAE SMC+9| EXHEZ O|2sAM ZIMsof TtL|Ct

5.4  GPS Heading AFZAl F2|AtEt
7 AFLICH (ot = )

T CHEILE AtOl2] AHE2|Z7F HF 747t HeadingZtOl ESHEX| @S +
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™ SYNEREX

p.am» High-Precision Positioning

Heading accuracy

08l = Heading accuracy

0.7 1

0.6

0.51

Heading accuracy [deg]

0.44

0.31

0.25 0.50 0.75 1.00 1.25 1.50 175 2.00
Baseline length [m]

Figure 1: ZED-F9P-04B moving base RTK heading accuracy versus baseline length

6 ROSOIA{ SMC-2000 & SMC+ Al=

6.1 ROS-ublox IHI| Xl & X
ublox= ROSOIA T{7|X| HEfZ HSEOf ALY &= UFLICH
ROSO|A A S3H= ublox If7|X|E AX|gL|Ch,
$ sudo apt install ros-<version>-ublox
- <version>2 2} ROS version0f XA =HE|0j0f 2rL|LC} ex. sudo apt install ros-humble-ublox

Moz ZX /S BF Chat 20| ublox WZ7|X|7F EX|ELC

$ Is /opt/ros/<version>/include | grep ublox

ublox
ublox_gps
ublox_msgs
62 MK A IY U A OIY X
/opt/ros/<version>/share/ublox_gps2| 3t?| Z4 config?t launchOll CtZ1t 22 IS FI7tgL|ct

SMC2000 & SMC+
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Q" SYNEREX

p.am» High-Precision Positioning

oS F7, #8517 M E O Yoz wots 2 S8of STt

l

$ sudo chown -R <usrname> </path>

launch/ublox_fop_base.launch

<?xml version="1.0" encoding="UTF-8"?>

<launch>
<arg name="node_name" value="smc" />
<arg name="param_file_name" value="zed_f9p_base" />
<arg name="param_file_dir" default="$(find ublox_gps)/config" />
<arg name="output” default="screen" />
<arg name="respawn" default="true" />
<arg name="respawn_delay" default="30" />
<arg name="clear_params" default="true" />

<node pkg="ublox_gps" type="ublox_gps" name="$(arg node_name)"
output="$(arg output)"
clear_params="$(arg clear_params)"
respawn="$(arg respawn)"
respawn_delay="$(arg respawn_delay)">
<rosparam command="load"
file="$(arg param_file_dir)/$(arg param_file_name).yaml" />

</node>

</launch>

launch/ublox_f9p_rover.launch

SMC2000 & SMC+
ROS 273 H3BAM 9 of 17 SYNEREX, Inc.




Q" SYNEREX

p.am» High-Precision Positioning

<?xml version="1.0" encoding="UTF-8"7>

<launch>
<arg name="node_name" value="smc_plus" />
<arg name="param_file_name" value="zed_f9p_rover" />
<arg name="param_file_dir" default="$(find ublox_gps)/config" />
<arg name="output" default="screen" />
<arg name="respawn" default="true" />
<arg name="respawn_delay" default="30" />
<arg name="clear_params" default="true" />

<node pkg="ublox_gps" type="ublox_gps" name="$(arg node_name)"
output="$(arg output)"
clear_params="$(arg clear_params)"
respawn="$(arg respawn)"
respawn_delay="$(arg respawn_delay)">
<rosparam command="load"
file="$(arg param_file_dir)/$(arg param_file_name).yaml" />
</node>

</launch>

SMC2000 & SMC+
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config/zed_f9p_base.yaml

Q> SYNEREX

p.am» High-Precision Positioning

debug: 0
device: /dev/<device> # smc device port
frame_id: gps
uart1:
baudrate: 115200 # config buadrate
in: 35
out: 35

rate: 5.0 # config hz

tmode3: 0

inf:

all: true

publish: #tA|= topic &
all: false
aid:
hui: false
nav:

posecef: false

gnss: # default = gps only
sbas: True
galileo: True
beidou: True
gzss: True

glonass: True

SMC2000 & SMC+
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config/zed_f9p_roveryaml

Q> SYNEREX

p.am» High-Precision Positioning

debug: 0
device: /dev/<device> # smc_plus device name
frame_id: gps
uart1:
baudrate: 115200 # config buadrate
in: 35
out: 35

rate: 5.0 # config hz

tmode3: 0
inf:
all: true

publish: #tA|= topic &
all: false
aid:
hui: false
nav:
posecef: false

relposned: true

gnss: # default = gps only
sbas: True
galileo: True
beidou: True
qzss: True

glonass: True

SMC2000 & SMC+
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Q> SYNEREX

High-Precision Positioning

Ch2el HHEOE Soff Ij7[X] X SMC-20000| HHHMoE FESt= A2 QISHY = JASFLCH
roslaunch ublox_gps ublox_f9p_base.launch

roslaunch ublox_gps ublox_fOp_rover.launch

6.3 .yaml Il S& ©HH
HE s &M =9l https://github.com/KumarRobotics/ublox.git

7 ROS2 0jA{ SMC-2000 & SMC+ Al i

7.1  ROS-ublox I{I|Xl &X|
ublox= ROSOIIAl Tj7|X| HEHZ MESE[Of AFEE =+ ASHCL
ROSOIA XMS3H= ublox If7|X|E AX|gtL|Ct
$ sudo apt install ros-<version>-ublox

- <version>2 Zf ROS versionf| XA 4= =/0{OF SLIL}. ex. sudo apt install ros-humble-ublox

SEHez 2N AS 2 LSt 20| ublox I{7|X[7} X[ ELIC.
$ Is /opt/ros/<version>/include | grep ublox

ublox

ublox_gps

ublox_msgs

72 DO &% I LAY DY 43

OF

/opt/ros/<version>/share/ublox_gps2| 59l £ config?t launch0 CtEot 22 OIS F=I7tetL|Ch
g F7t =857 fdiMe= Cte BHOZE AHots 2S6oF LTt
$ sudo chown -R <usrname> </path>

/opt/ros/<version>/share/ublox_gps/config ZLC 0| zed_fip_baseyaml, zed_fip_roveryam| LIS 2tz

S gL,

SMC2000 & SMC+
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https://github.com/KumarRobotics/ublox.git

Q" SYNEREX

p.am» High-Precision Positioning

zed_f9p_base.yaml2}t zed_f9p_roveryaml Lt¥Z Ciaat 20| =g L|Clzed_fIp_base.yaml

ublox_gps_node:
ros__parameters:

debug: 0

frame_id: gps

uart1:

in: 35
out: 35
rate: 5.0
# TMODE3 Config

tmode3: 0

inf:
all: true
publish:
all: false
aid:
hui: false
nav:

posecef: false

gnss:
sbas: True
galileo: True
beidou: True
qzss: True

glonass: True

baudrate: 115200

device: /dev/<device> # smc device name

# Survey-In Mode

# Whether to display all INF messages in console

SMC2000 & SMC+
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zed_f9p_roveryaml

Q> SYNEREX

p.am» High-Precision Positioning

ublox_gps_node:
ros__parameters:
debug: 0
device: /dev/<device> # smc_plus device name
frame_id: gps
uart1:
baudrate: 115200
in: 35
out: 35
rate: 5.0
# TMODE3 Config
tmode3: 0
inf:
all: true
publish:
all: false
aid:
hui: false
nav:
posecef: false
relposned: True
gnss:
sbas: True
galileo: True
beidou: True
qzss: True

glonass: True

SMC2000 & SMC+
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™ SYNEREX

p.am» High-Precision Positioning

/opt/ros/<version>/share/ublox_gps/launch EH0| U= ublox_gps_node-launch.pyIt S S ASH

ublox_gps_node_base-launch.py, ublox_gps_node_rover-launch.py Tt Z+z} 445t C}.

ublox_gps_node_base-launch.py I+d& CtZat 20| =FgtL|Ct.

import

generate_launch_description():
ig direct path.join(
.packages.get_package_share_directory

params = in{config_directory,
ublox_gp: ions.Nod

rn launch.lLaunchDescription([ublox gps_node,

launch.actions.RegisterEventHandler
ent_handlers.0OnProce

ents.Shutdown())],

param
ublox gps |

cription([ublox g

ch.actions.RegisterEventHandler
event_handl

ents.Shutdown())]

SMC2000 & SMC+
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™ SYNEREX

W.am» High-Precision Positioning

7.3 I Xl A<M
IjCtE HHOE launchItY 2 ZHZF AAAIZL|CH
$ Ros2 launch ublox_gps ublox_gps_node_base-launch.py

$ Ros2 launch ublox_gps ublox_gps_node_rover-launch.py

7.4 RQTE S8t Topic &0l

Default - rqt - 0o x
File Plugins Running Perspectives Help
[CiTopic Monitor DE@ -ox
Topic Type Bandwidth Hz ~ Value =
» /parameter_events rel_interfaces/msg/ParameterEvent net monitored
J frosout rcl_interfaces/msg/Log not monitored
» Jdiagnostics diagnostic_msgs/msg/DiagnosticArray not monitored
» Jsmc_2000/fix_velocity geometry_msgs/msg/TwistwithCovarianceStamped not monitored
» fsmec_2000/rtcm rtcm_msgs/msg/Message not monitored
. Jsmec_plus/fix_velocity geometry_msgs/msg/TwistwithCovarianceStamped net monitored
= ¥ Jfsmc_2000/Fix sensor_msgs/msg/NavSatFix unknown 4.00
+ header std_msgs/Header
» status sensor_msgs/MNavSatStatus
latitude double 37.5606019
longitude double 126.9934543
altitude double 95.375
- ; array([0.000196,0. ,0. ,0. ,0.000196,0.
position_covariance double[9] 0. ,0.000144))
position_covariance_type uint8 2
= v Jsmc_plus/fix sensor_msgs/msg/NavSatFix unknown 4.00
+ header std_msgs/Header
» status sensor_msgs/Mavsatstatus
latitude double 37.5605958
longitude double 126.99347189999999
altitude double 95.476
. ) array([0.000196,0. ,0. ,0. ,0.000196,0.
position_covariance double[9] 0. ,0.000196))
position_covariance_type uint8 2
= v fsmc_plus/relposned ublox_msgs/msg/NavRELPOSNEDS unknown 4,00
version uint8 1
reservedi uint8 o
ref_station_id uint16 0
i_tow uint32 108915250
rel_pos_n int32 -67
rel_pos_e int32 155
rel_pos_d int32 -9
rel_pos_length int32 170
rel_pos_heading int32 11360770
reserved2 uint8[4] array([0, 0, 0, 0], dtype=uints8)
rel_pos_hpn intg -98
rel_pos_hpe ints 55 -

8 SMC2000 & SMC+ Al&35}01 Heading =01

Heading %42 SMC+0iA £20| |11 #=3|= O0[F UBXOHA|IX| “UBX-NAV-RELPOSNED" & =0iAf
golstH ELUICH st AKX 2= o 2ME =QIstE gL Ch

https://www.u-blox.com/sites/default/files/documents/u-blox-F9-HPG-1.32_InterfaceDescription_UBX-
22008968.pdf

2|1 "6™/7™-"0| M Heading @t 212 “/smc_plus/relposned/rel_pos_heading” topicZ ZQISHH EL|
Ct.
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