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1. 72
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X &4
e X 59 ¢
A9 X 528
UWB+ 20| C} 7| Ht
AX E2
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X 2K =521
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2. UWB 7|4t 2|X| =%
o UWB & 2|

DWM1001 Module —

__——— Reset

GPIO header ___— Bluetooth Wake Up
Current measurement

header Module 10 header

__— (Raspberry PI
Battery compatible)
connections > O |
™S s

Battery
charger

uss —

d ) link On-Board

o UWB LED EA|

D19 - Red: Battery is charging

B] _— D20 - Red: On-board J-LINK active

__— D13 - Red: DW1000 TX LED (1)

—— D13 - Green: DW1000 RX LED (1)

——— D9 - Green: F/W controlled (2)

| D12 - Red: Not used, driven by GPIO_14

T~ D11 - Red: F/W controlled (2)

D10 - Blue: F/W controlled, mainly for Bluetooth (2)

o A}
- Zof 5E F7] : 10Hz
- X-Y X H=E : <10cm
- Zof ®IX 54 s A2l : 25m
- ™ : 3.7V RCR123a/16340 ST X| & USB Micro B type

o BE MY HitH
- OIEZO0|E ZHIY U= 0|23 A (UARTE 0|23t AH 7ts)
- XA WA (Anchor) 4712t Ef1(Tag) 1707+ 2&



MBS0} “Start Device Discovery” HHES E{X|510] C|HIO|A ZH A

Decawave DRTLS Manager

Version; 1.0

START DEVICE DISCOVERY

INSTRUCTIONS

Networks & Devices

ID: 0xDECA98790A330868

- o 2=

= MEISHY] "ASSIGN” Hi

HEYI0| RS F7}

Select Devices (2)

Anchor DW1141
BLE: D5:F7
10: OxDECA

IF.9A
5801141

Anchor DW114E
BLE: C8:CD:78:.C2:05:6D

10: 0xDECADD17E3F0114E

Anchor DW11B0
BLE: EE£8:18:06:BA:28
1D: OxDECACD63B5B011B1

ASSIGN

HASHY MZ2 HES3 448 E& 7|

r

English(UK) 4 »




o Efj1 AH
== HX[5t0] ofzfiel #of 273

- BE0 4 HES
2% o|& 2d8u
NODE TYPE Tag
UWB active
NORMAL UPDATE RATE 100ms/10Hz
RESPONSIVE MODE enable
LOCATION ENGINE enable
STATIONARY DETECTION disable
o WH 27
- B9 43 HES HAISHY ofajet 20| 27
4% o|& 2™
NODE TYPE Anchor
UWB active
INITIATOR MO BtLto E%% enable
LIHX| E&2 disable
POSITION 2t A KO SHEdtE x y, z &

o ROS2(Robot Operating System 2) 7|8t T{Z|X| ({7 |X|H:uwb_mdek1001)

- Ih7IR A

$ ros2 launch {kict_proj path}/start_uwb.py
- launch ot 47 mf2to|H
3 =2 g 7123 H 3
serial_port_name AMEZ|YEZE HS /dev/ttyACMO
serial_baudrate AE2|Y EEZO|E 115200
frame_id =y o|F uwb_frame
pub_topicname_uwb uwb EE 0| uwb_data publish
| =Y 2% B2
save_file_onoff XE of = False True / False
home/jetson-nx/ros2_ws/src/uwb
save_filepath ME I 42 / /) / - ,/ /
_mdek1001/save_files




o HAE At

Case 1 Tag Trajectory

6 y ;
O True
51 8 O Measured | |
M Beacon
4t Q :
— 3 [ ] =) ] |
=
=
2t © 1
1 (8]
0 | |
_1 1 i i L 1 1
-1 0 1 2 3 4 5 6
X[m]
Case 2tag Trajectory Case 3tag Trajectory Case 4tag Trajectory
01 20+ - | @ ]
O True O True O True
B © Measured L © Measured| | © Measured|
18 M Beacon | i B Beacon 8 o M Beacon |
18 1 18 18 @
145 1 14rF . 14 oo .
121 1 121 i 121 L=} 1
E 1 Eqwh E
=10 g ZioF W @ u Zwor H @ u
gt =] 1 gk (=] 1 gt o0
(c)
6 o 1 6 <] M 6 @ 1
| ] | ]
4r =] g 4F a 1 4 o0
2+ | 2 LB 2k a 1 2 o
o = =4 LR oF ® o LB oF ®m & n
| 1 L 'S L A 1 L L
0 05 1 15 1] 05 1 1.5 0 05 1 15
x[m] *[m] x[m]



Case 1

A HH1 HH2 o743 W74
S 0, 0) 3, 0) ©, 3) 3, 3)
Ej
ol %] 1.5, 1) (1.5, 2) (1.5, 3) (1.5, 4) (1.5, 5)
X} (-0.043, (-0.033,
o3 0.006) (-0.062, 0.112) | (-0.035, 0.138) | (-0.052, 0.043) 0.192)
x
EiE:XI- (0.040, 0.044) | (0.030, 0.035) | (0.026, 0.033) | (0.015, 0.050) | (0.036, 0.072)
Case 2
AH WHH1 B2 o3 CTEAN
S F 0, 0) (1.2, 0) ©, 2) (1.2, 2)
Ej
-?-I:)t| (0.6, 0) (0.6, 2) (0.6, 4) (0.6, 6) (0.6, 8) (0.6, 10)
X} (-0.006, (-0.022,
m3 0082 (0.003, 0.009) | (0.005 -0.109) | (0.151, -0450) | (0.003, -0.593) 0308
Eiﬁ: Xt 0011, 0.023) | (0016, 0027) | (0.036, 0.041) | (0.141, 0.058) | (0.067, 0.098) | (0.260, 0.103)
Case 3
L W71 HF2 W73 W74 W75 W76
S (0, 0) (1.2, 0) (0, 5) (1.2, 5) (0, 10) (1.2, 10)
Ej
_?_I:xl (0.6, 0) (0.6, 2) (0.6, 4) (0.6, 6) (0.6, 8) (0.6, 10)
RX} (-0.008, (-0.061, (-0.019,
3 0056 0037) (0.057, 0.034) 0074 (0.020, 0.041) | (-0.028, 0.045)
x
Eifﬂ} Xt (0.029, 0.034) | (0.049, 0.018) | (0.044, 0.019) | (0.057, 0.027) | (0052, 0.016) | (0.013, 0.022)
Case 4
U W71 WH2 AAH3 WHa AH5 W76
S 0, 0) (1.2, 0) (0, 10) (1.2, 10) (0, 20) (1.2, 20)
Ej1
_?_}: x (060 062 (064 066 (068 (0610 0617 (614 (0616 @619 | (O62)
_<?_X|- (-0.026, | (-0.012, | (0143, | (-0.043, | (-0.192, | (-0.038 | (-0.021, | (0.197, | (-0.034, | (0.022, | (-0.017,
Tgﬂ- -0.115) | -0.030) 0.022) | -0.011) | -0.029 0.010) -0045) | -0.041) | -0.018) 0.009) 0.135)
X} (0012, | (0053, | (0323, | (0.093, | (0.125 | (0.021, | (0.094, | (0.083, | (0.152, | (0.093, | (0.010,
EZMK} | 0028) | 0044) | 0067) | 0011) | 0025 | 0.034) | 0.024) | 0013) | 0024) | 0026) | 0.020)




3. 91X &9 L RE Wy
o ZtO[C} 7|8t X £

9 XE Y
- Bfolct 7lut XI= WHS O ZaYy XSt HXf ZalY KIS Hmet, 7|E
Aol S

Z3E Ho|HE +=X35t¢ O|F0{H
- ek K| F2(Lidar odometry)?t X| = M-d(Lidar Mapping)2

= SA0] sd5t=
SLAM(Simultaneous Localization and Mapping)2 7|8t 2 X|&= 40| O

= 0f =l
2
LeGO-LOAM
10Hz : Feature
Segmentation Eitraition
|
I
Lidar 2Hz Lidar
Odometry Mapping
| 1012 | 242
10Hz %
—— Transform Integration
- 3D 2to|Ct 7|8t SLAM Y12|E Q! LeGo LOAM(Lightweight and
ground-optimized LOAM)E 7|8tz Q|X| 52| 3 3D ZQAEZERE © dd
~ZEQIOE JiEe
- LeGo LOAMZ M|OHIEHO|HES S HEHS &5, HiE 2o ZQIEO| CHdH
Planar Features? Edge Features?| E&Z HESI0 odometryE THY

Lidar Odometry

Planar Features F;

tf
'Ernu B
Planar Features F},™

Hm‘ tch

Edge Features Ff

Edge Features F.™!



o UWB %X &% 8¢

UWB flXl £¢|

Complementary
Filter

—p{ 2olct %) F9 |

- 2iO[L} 7|8t x| 9| 21| uwB fIX| £9 ZUHE 850l 2l XS

2de

o X =% Z1 OfA|

o A= ‘4d Z1t OAl (PCD I+EY)




o ROS2(Robot Operating System 2) 7|8t TH7|X| ({7 |X|H:LeGO-LOAM-SR)

- Th7IR| A

$ ros2 launch {kict_proj path}/start_loam.py

- "LeGO-LOAM-SR/LeGO-LOAM/config/loam_config.yaml” &7 LtzZt0|E

nearest_feature_search_distance

g = Ll & 7|22k H| 1
num_vertical_scans 2to|Ct =% H|O|Ef == 16
num_horizontal_scans 2to|Ct =38 OIO[Ef == 1800
vertical_angle_bottom =% 32t (otef) -15.0 deg
vertical_angle_top =& 32t (?) 15.0 deg
sensor_mount_angle 2ol dX| 2= 0.0 deg
ground_scan_index HEEh AZH QIEA 7
segment_valid_point_num MIOBEO[M ZQAE 5 5
segment_valid_line_num M OolM 2tel 3
segment_theta MIHEHOIM 2t 60.0 deg
enable_loop_closure BT = E2X on/off true
surrounding_kz?/lame_search_ra o A|®S 7| Az 0.0 0
surrounding_keyframe_search_n e85 50
um
history_keyframe_search_radius Ro=z2XM 7[E AL 7.0 m
history_keyframe_search_num BxZEXM JE HF 25
history_keyframe_fitness_score 2xzzM g8 7E 1.5
gIobaI_map_visu§|ization_search BB JIAS 7|E Az 500.0 0
_radius
visualization_filter_radius Azt 2H 71FE AHE 0.01 m
using_uwb_data UwB &% 21t 0|8 on/off true
using_full_pointcloud AN ZIEZ2LRE O|& on/off true
scan_period 270 7| 0.1 sec
mapping_frequency_divider UL F7 2F7I 5
edge_threshold AX| EYE I|E U 0.1
surf_threshold H EYHE 7|F ¢ 0.1
E8d ¢t A2l 7IE & 5.0 m

_‘]O_




o 2 57| =/F2E

A A1 W72 AB#3 AB74 AB#5 A6
22
ol%| ©, 0) (3. 0 (6, 0) o, 0 (12, 0)
X}
o2 -0.045 0.043 -0.046 0.053 0.018
X}
EEHA (0.007, 0.003) | (0.004, 0.004) | (0.005, 0.003) | (0.004, 0.002) | (0.002, 0.005)
- BEEE somm OlUol S0[28), FUEE 7mm OlUol Soles HE Helelo]

[LE A —

- X 71E0| El= 2R A 9K &t 58 LEo| K| ot M7 AL
Th Y=o 950 EoX|= 0| K

_’]’]_
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o ROS2(Robot Operating System 2) 7|8t T{7|X| (Z{7|X|H:local_planner)

- I7IR| A e

$ ros2 launch {kict_proj path}/start_planner.py

- launch Io+g A4 ni2tolE

=
¥ = e ET o
lidar_scan_front_sub_topicname 3D 2to|ct E4f O|F scan
lidar_scan_back_sub_topicname 2D E2io|Ct EY O|& scan_back
state_data_sub_topicname Mol MEf EE O|F state_data
i _ desired_orient
desired_ori_odom_pub_topicname =8 @ Ed 0|F -
ation
i desired_orient
desired_ori_odom_pub_framename S 9 oy ol .
ation
vel_cmd_pub_topicname Mol £ EHE 0|& vel_cmd
vel_cmd_onoff A= on/off False
baselink_width HES AtO| Az 0.8 m
freespace_threshold_dist T 7ts A"A AHZ2| 7|E 3.0 m
o A M FH E= L5 @ M
freespace_priority_right mEurs oM ma True =
yaw_rate_gain Ty dhek Hof Al 40
max_speed XL £= 0.5 0.5=50%
angle_rate Fd 3™ HE 0.5 0~1(05=5%)

_‘]3_



O Xg =Y JIH 30E =55 Jl=

1. 2D 2fo|c}, 3D 2io|C} 7|8k EX| QlAl
o BN 24 212F

- YFol 22l 2D 2to|Ctet 3D 2tO|CHE 0| 83t0] =X

M|

O| AlSH
—

- =M AME 2l 22AHES Ao, QA 4 F2{AH
O

Al
PIME Zp S MRSl HE|E AlLhotd, Z7[=ek OlotE Zof

2D/3D 2}o|C}
zyMLE [

jetson-nx@jetsonnx-desktop: ~/ros2 ws/src/kict proj 91x24
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s

quﬂmmﬁ

|

-

o O|H| AR
- BE : 24V (500W)
-HE : E 123mm / 1RHE
- 5% : 85kg
- FAHEE - 20m/min

- 37| : 1012mm X 683mm X 358.5mm

4+ + +
" + + +

358.5

_’]7_



o RE{EZ}O[H

g2 e

N 2K
qA MR 60A
AC) a7t M2 120A
g Y 6~30V

BEC 5V, 1A

- Analog, TTL, RCE &¢t CrEet Mo 4™ & X|J
-TTL 32 S4ls S8 £33 Mo

o MO{EE (NVIDIA Jetson Xavier NX)

g = L o
6-core NVIDIA Carmel ARM v8.2
CPU 64-bit CPU
6 MB L2 + 4 MB L3
NVIDIA Volta™ architecture
GPU with 384 NVIDIA CUDA cores and
48 Tensor cores
o 2 2 8 GB 128-bit LPDDR4x 51.2GB/s
INPSESPN microSD
Wifi 802.11ac WLAN

T = =2

N drdE 7|60| 01

NVIDIA Jetson2 Z2HIY UH|ICIE A|AE AZO|A GPU 7f+sa+ HE H2| E29
MEZ cig|= H|Z= 5 1

A
AL BEO| AFR3I= QUHICIE ZRMEA 92| M9l

= L5
o 3D 2}O|C} (Velodyne Puck VLP-16)
T T
e 2 16%H'd
=™ He| 100m
FOV(V) +15.0 deg ~ -15.0 deg
2255 (V) 2.0 deg
FOV(H) 360 deg
225l (H) 0.1 deg ~ 0.4 deg
FPS 5 Hz ~ 20 Hz
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o 2D 2tO|Ct (SOSLAB GL-310)

g 5 %
FOV 180 deg
=™ 005m ~ 25 m
2285 0.18 deg
FPS 20 Hz / 40 Hz
HeE
az/des Fr 30 mm
o O|3M Fd&
MMz Hoj2 T8

3D LiDAR
12v Power

Controller

USB

12v Power

2D LiDAR

; -
uUsB 24V Battery
GND [ OV B
USE  LAN TILTX 51

1
1
1
1
\ 1
1 1
| I M2A
Power/Data 1 5y 1
i | M28
1 ]
UWB 1 Power  LAN [}
I .
: | Motor Driver
]
: WIFI Router ||

_‘]9_



2. O|5H sw +4d

o AZEQ0 o 7Y

B LeGO-LOAM-SR update 2 months ago
B data save update last month
B3 gl ros2 _driver_udp @ f3afd55 update 4 days ago
B local_planner update last month
B sabertooth2x60_driver update 2 months ago
B state_control update 29 days ago
B teleop_twist_keyboard init commit 5 months ago
B uwb_mdek1001 update uwb 5 months ago
M velodyne update 4 months ago
™ .gitignore update last month
O .gitmodules update 4 days ago
O runpy update 3 months ago
O  rviz_config.rviz update 4 days ago
[ start_lidar.py update 4 days ago
™ start_loam.py add loam 3 months ago
M start_motor.py update 3 months ago
™ start_planner.py update last month
[ start_state_control.py update last month
O start_uwb.py update 3 months ago

o O|lsX sw YA
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o ROS2(Robot Operating System 2) 7|t T{7|X|
(TH7| K| E:gl_ros2_driver_udp, velodyne)

- TR A

$ ros2 launch {kict_proj path}/start_lidar.py

- launch ot H7d njztolE

5 = e 7122 H 1
glip 2D 2tojct Ip 27 10.110.1.2
gl_port 2D 2tO[Ct Port A7 2000
pc_port 2D 2t0|Ct OEE| PC Port &7 3000
frame_id 2D 2}O|Ct HIoJE el =Y O|& laser
pub_topicname_lidar 2D 2tO|Ct H|O|E{e| EHE 0| scan_back
angle_offset 2D 2fO|Cte| 2 mAl -1.570796
tf_front (arguments 2D 2lo|Cte| XtEH st x=0.405
tf_back (arguments 3D Z2io|Cte| ztEA st roIIZ=:3_.$.4219592

o ROS2(Robot Operating System 2) 7|8t T{7|X| (I§7|X|H:sabertooth2x60_driver)
- D7 (K] M 2

$ ros2 launch {kict_proj path}/start_motor.py

- launch ot H7d njztolE

g5 i 8 7|24 H| 11
port_name DH A2|Y ZE O|E /dev/ttyTHSO
motor_on D E{ ON/OFF true
rpm_threshold rom Z[Cf 2k 127
vel_key_sub_topicname vel_key ET O|& vel_key
vel_cmd_sub_topicname vel_.cmd ET 0|2 vel_cmd
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o ROS2(Robot Operating System 2) 7|8t T{7|X| (Zf7|X|YH:state_control)
- Of7[X| AW s

$ ros2 launch {kict_proj path}/start_state_control.py

- launch Io+g A4 ni2tolE

g5 Lt 8 7|24 H| 11
pub_topicname_state_data state_data EX 0| state_data
end_distance Aexd ols AL 5.0 m
o O|sH #& 2HmO|A
. TOEE:
Command Data 1 Data 2 Data 3
STOP 10 0 0x00 0x00
GO 11 speed (1~255) 0x00 0x00
BACK 12 speed (1~255) 0x00 0x00
SAVE POINTCLOUD 13 0 0x00 0x00
CHECK POINT 14 0 0x00 0x00
FINISH 15 0 0x00 0x00

- A& speed U= 2552 LtF0] Z|Of £= 7t 7|F 0~100% SHASHO] M 83t

- STOP, GO, BACK, SAVE POINTCLOUD, CHECK POINT= 4IA HO{Z7|0|AM O|5H 2
&S IHZA0|H, FINISHE O|lsMERH MM Xo7|2 M&EsHs A

- STOP, GO, BACK : ®& Al EX|, 2%, 23 XgFds sde

- SAVE POINTCLOUD : Xi7tX| MEE X =8 M

- CHECK POINT : X o|aXe| fIXIE MEe

- FINISH : 23 X&Fd ol Ao =&SHH MM MojZ7[2 S5 EHE ©
SoH, MR MM El X =2} check point 2X|E TYZ XZhgt
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3. €d Wi+

o O|SH L1|E°43 <F2

- O|5X1| QO|T}O| H|EQ{A(SSID : kict_robot_5g)0f &4

L7 IP: 192.168.12.1
HEr oM &387| IPE B0

O
_'.

=

101

S

| — |

SEHOlSH 2l IP)E =

|

o ssh &%
- O|&A| IP : 192.168.12.2
- "~/ros2_ws/src/kict_proj” ELEOA AIZEQIO] 2Ol
o Hd HZ (start_planner.py)
2 =5 L&
el Al True 8%
vel_cmd_onoff —
& T Al False 87
freespace_threshold_dist gl S 2 QAlE AHE| (m)
‘ ority righ QEZEH Hl Z7t QIASIH True
reespace_prlorlty_rlg t %—Zf'—_'?'_E-I H|_| _g?_l- Ol_lk_!'é'I.E a|se
max_speed Zf £EE 1028 7|E2& 5o %[O ¢f Hle &3
e rat EHY HH[E HEZ L0 =
angle_rate -
gle- 025 4% Al, Ho2HE 1/4 X|¥g wat T
o M7 WY (start_state_control.py)
g =5 L&

end_distance

AHEF

Zt

d ols Hel 28 U

I'c'>'H

o O|5H 2~ZEQ0

$ ros2 launch {kict_proj path}/run.py

- runpy THYS MAMEH LQD launch TMASS HHslo 5%
o XNof HH
- vel_cmd_onoff &7 20 el A2l B E= =& N
- AEFd REY FR0= oM & AHmo|A0 M2t MM XMOo7|oA i
Ee o2l dE2 8% T s
- & MO 2EY ZR0= of2fet Z0| 7|EE KMo FBHNHE HASI0 Ko

$ ros2 run teleop_twist_keyboard teleop_twist_keyboard cmd_vel:=vel_cmd

_23_



T =

AAexd 2EY A0 = end distance B 7t MHE HZE olsE B2
TEANO= MM HMojZ7|2 BE T2l ME, Al M, XNz NS =g
"data_save” ZEO0| K| Db (txt)0t X = L (pcd)O| XZEHE

IR MY DY . <AL EW>_<A|EX A|7k>_event.txt

ANe M7 oy - <AZY ER>_<A|2X AlZh>_map.pcd

AKXl ME A <index>,<position_x>,<position_y>
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ret

XA FA &E 75 H2E

[ ==

4. 29 ©X AlLtgle 7
43 =@l AUz

- O|sHMl= MM HMof7|el BE0 et HE/=T/ZR| =g

O

- = AHe| 278 di(start_state_control.py2| end_distance L{2tO|E)0f 2t s A
gl Fd 2tz Al T Z5 A MM Ho7|of = = YES A
MM H07] : BWENEE —»| DEEXS —» DEEH HW/FXEY —» DEEXS 7y > S8
olEH 2718 v > 32 0lE Y 5 o= = » ma/zzos — E53T
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