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Abstract: In this paper, an autonomous driving system is implemented for the Segye Al Robot Race
Competition that multiple vehicles drive simultaneously. By utilizing the ERP42-racing platform, RTK-GPS,
and LiDAR sensors provided in the competition, we propose an autonomous driving system that can
drive safely and quickly in a road environment with multiple vehicles. This system consists of a
recognition, judgement, and control parts. In the recognition stage, vehicle localization and obstacle
detection through waypoint-based LiDAR ROI were performed. In the judgement stage, target velocity
setting and obstacle avoidance judgement are determined in consideration of the straight/curved section
and the distance between the vehicle and the neighboring vehicle. In the control stage, adaptive cruise
longitudinal velocity control based on safe distance and lateral velocity control based on pure-pursuit are
performed. To overcome the limited experimental environment, simulation and partial actual experiments
were conducted together to develop and verify the proposed algorithms. After that, we participated in the
Segye Al Robot Race Competition and performed autonomous driving racing with verified algorithms.
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[Fig. 1] FMTC (Future Mobility Technical Center) of Seoul
National University, Siheung campus
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[Fig. 3] ERP-42 Racing model

2.1 ERP-42 Racing
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[Fig. 4] Control architecture of ERP-42 Racing model
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[Fig. 7] ZED-F9P RTK-GPS
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E-J &% M7 (Target Velocity Setting)

ol A AIREEE A-E 8 A~ Apro] HE £
o] 7 7415 2 ghek 3L A= A AfRRo] 914
A=A Brd o, A2 T 3kel] wlal A 3kl
F &R} =gar F3e] Qb o] ol 7] wiiol
o] Ao kS vh2 A dAgste] £ieE ARt =
ko) 739 18 mys, =41 k] 739 14.5 m/s 2 A1 5}
2 TRl A ”EH How 13 P R e
ol ¢ ‘]8} %]OLE_

01

i =
M1 J

(R
o

o n
r\l

N

'wmrﬂmﬁﬂrs@rmw
= A >

N
R
1
o
-
r:(_‘
G
PN
1o A
o
o
e
:.Ni
2

N
N
1t |o
e
2
ol
fo,
e,
ol
o
)
I
(o
Jlm ftl
_, rN j_,

O.|.4 mg

UO

U Lo N PR © R J < S Y o R
o,
1o
|
i
tlo
)
3
ol
o,
9

~

2o/ [y
0
S
_i

i

% J_;i

Ir =
ri
lo
)
rﬁ -
e
iv

X T
:
0,
> 1
v
X

} ool Abel o] 72
52 A|{(Adaptive Cruise

J o2 Aole] £

3.3.2 ¥ ¥HObstacle Avoidance Judgement)

WA BE S5 AN BPF 43Y AT Aol

AL -

Are all these conditions
satisfied for 3 seconds ?
Yes

Start changing lanes

Yes «

Has the lane change
been completed ?
Yes

Waiting 3 seconds

[Fig. 12] Flowchart of obstacle avoidance judgement




2 AL A1 7S, el Aol B AL S FA3 A
A3 S Aol Fag 9 g Al g4
A8 g Pwh:%l}%ﬁi

wekshs 202 A Al 77 F SRR A A
Section 1 ROI &3 o] A4k 2}=7}1] 9] A
10 m o] Z=zdofe}, Ao Apzke] tf 7P/ Aol
F4E WYPgepd 288 AF= Alofol] o8 o W &
L= Fdefjop sy wiol o] Ak =K 10 m Hofxl
Aol A 5H Y Aekg A #g
5 A 2718 [Fig. 11]2] Section 2, 3 ROI 4 Hol| t}& A}
o] EAfelA) S=rhe Z7olch wiok o) Ae] F3<)
Section 3 ROI F H ol T2 x}&Fo] EA) st =L 3k uf -
At FEE 1940] QU 2ol 2] Al Section 2
ROI o]l th o] EA ek 312 ]u] 7} A} 7]
u]]E_o]E} weha] =29 761_0r G T 2o BT 1=3 A

oluh F o] 7hsaheha FHsla, o]919) Ao S0l

BrhssithaL Ak,
whA ot A WA 2218 9ol AR F £70] B )
= HE 32 A3k Hlolth 9 Ae] ol o]
Aol 5714 9] Al Bergstol 241 1 ofyrh 5
2 b7 ek F90] Uhek Als o} vicka wasiel,
wehd 322k ARFESE 71 B0 PO AL

N
1

o) Fsheli= Apale] B o] LA E=AA o] AelZ ik
Aol AA 2 9] o] ERJAEZIX] 9] A2 Bt
FA 7o) ghas)girka Bt 2 W7ol

A Fol = A A FUS A7) 93] 53 5
)

TE 7)o ke Alof gk, o] Al
g Alofahs U S Alofoh 23

SR ISERRECEY

3.4.1 293 £ % A o] (Longitudinal Velocity Control)
T 2l e oF aligo] EAISHE T8 Sl A obd T &

AA AL 25 7H| o] 2 35 Q19 Ake =3 Al AF d 203

55 9aA Ay AF= AE FHGITk [Fig 1317
[Fig. 14]%= 2H2F 224 9300 27 7k A wfo] A4
Te)xzo)t). o]ull, x %< Current distance™ ZFO]THLIDAR)
RAE ol-atd SA3 71 77k A A7k« o] A
Azlo]aly %<1 Current velocity ™ AFe] @A HEE HERH
T}, IE3} Safe distances= X} o] Avte] xeka} G- g o} & o
A A elH, o]ufe] £=2] Safe velocity S 9Hd &2} it}
[Fig. 13]3} #Fo] A2 773ke] 2b2 b 7€) 8 m, b &
Z10m/sE FAIS & 70 % g} g fA) A7t
m ©|3}Q] -0l = A St 0 mis o2 FHX TS 4H
sk, o] = Afke] 7l Aol A Ho HioA =
gk ebd AlE A3 m)E L gk gholoh AA A2l7F5~12m
Ato]Ql 7-5-oll &= ek 743 m= 4817 el @A) L7k
4~18 m/s Ato]ol| A MG A o = sttt gk dA) A7 12
m o w= H ol £ J 18 m/s= 4|5k T gt
[Fig. 1412} 7Fo] =441 7l A= A G171l A2 o7
S 913 FHol Fasirh = A Flel A o] Hof £
7H18 my/sQl Al BIal 21 7ol A= 12 m o] el A 4] 3F
= -LlFH 7]'1 m/sZ AFHA ) B3 o] whe} ok A

WJ
>}LF

FU

Ge 27 a_z%@ﬂae%ﬂs1%ﬂ%msg
2 YA 0w MBS 722 ok AZlsh @A) A2 A}

Current
velocity
[m/s]
18
Safe
velocity === |
4 ,,,,,,,,,,,,, I
|
|
5 8 12 Current
Safe distance
distance (m]

[Fig. 13] Distance-velocity graph in straight section

Current
Velocity
[m/s]
14.5
Safe 8_5—____/
velocity
/R |
I
|
5 8 12 Current
Safe distance
distance [m]

[Fig. 14] Distance-velocity graph in curved section



204 =353 =8 ATE A2 (2022, 6)

o]2] @&}l thgt P (Proportional) A1 7| = -5}
Srieg AlsiSlT) e b 0 P e
ol Al &= Ao &t WE2A| 317] ) ByolaE
o}, 1ol =L Alo] @e] Aol ok Sish HA) S
ook Wlelek gtoll 24 ek ghol cialzl ghs AHEsIich

O
(
-

3.4.2 33 &% A o] (Lateral Velocity Control)
g]upak &= 1o 7))o ol = Pure-pursuit Y] S-S 8--8-51o]
AR 2 U] T3t Qo] A o m o] S TSIt
7]+ Pure-pursuit 3§ ¥alg]5o] Aw 3L HE UERH
A= [Fig 15]9F 2tk o] w d= W
ahead distance), o = AF22] &g 2t} A
s HE Abole] A, 5= of AR 23 ZHe(Ackerman-
steering angle), L-> 212 o] v&= 2e] £ =8 oju]sit),
darg]Fe] A o m A FA| A2 a7t A Hm, S
G Ao AAFS 57 Fe] Tl &
ZANgTE o] Hﬂ X}F/‘U 01]‘;‘7 tat A 524 A
E3E Alo]o] ZHe al,
EEE desS ) ﬁ"ﬂ °H71“} iy

-1 2Lsina ) = tan~!( 2Lsina )

0=tan d kv Q)
F82 712 T3] Pure-pursuit T3F& FAI5PHA x5

o}, Q57w ] 2714) sllolEE A1 olu] & 91

o] T3] Pure-pursuit 7| MO 2 A TR W75 e] F9o]

7}_0}1—,} wheba] @A 912] el 32 o] sl s 49
FEela AnE QA Ama i) o e S e

[Fig. 15] Pure-pursuit algorithm

m
E
i
]
Oko
- ol
2
e
%
tote

Eﬂ”ﬂﬂﬂ;%ﬂiA%%&@@%%?ﬁ%%@ﬂ
A olE§ FAE A3k 913 AlEelold 3 A
7 Ak Ak AL

4.1 Aol

Aghe A9 #7388 S5317] 91314 MORAI A5 4]
Hjo|E!"E -g5le] A 03] 42} F-AH FMCT o
317 “"011 i El#ﬂ }%01 A °ﬂ nggl'f%]' 3& 753181
;H Dﬂ;q GPS /\ﬂ/ﬂ.a_

Qe 590t 944 9 54 Jolze] ol LIDAR A
RERELIR FE)EL AL L AR, F

ro
1>
)
&
Y

Shae|ze] A e Afeleld
A, ARe] v}, 4] o] m
EEEEREE EEEECREA
S 1053 7}
el el $n 02 44 952 B

off
2

2N o
o oX
N
09;"
k1
o

1§

4.2.1 7H74 Alo] A
ko] A 8kak FHEk Alo] s =9 Ao E YeA e A
o] 7l Az 2ol e Al A2l S R8s vl

[Fig. 16] Examples of using MORAI simulator
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[Fig. 17] Example of acceleration and deceleration test

[Fig. 18] Example of point cloud ROI based waypoints
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[Fig. 21] Experiment for obstacle avoidance
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