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ABSTRACT

Driver acceptance of autonomous driving is very important. The autonomous driving longitudinal
controller, which is one of the factors affecting acceptability, consists of a high-level controller and
a low-level controller. The host controller decides the cruise control and the space control according
to the situation and creates the required target speed. The sub-controller performs control by creating
an acceleration signal to follow the target speed. In this paper, we propose an algorithm to improve
the inter-vehicle distance fluctuations that occur in the cruise control and space control switching
problems in the host controller. The proposed method is to add an approach algorithm to the cruise
control at the time of switching from cruise control to space control so that it is switched to space
control at the correct switching distance. Through this, the error was improved from 12m error to
4m, and actual vehicle verification was performed.

Key words : Autonomous vehicle longitudinal controller, Upper-level controller, Approach algorithm,
Headway fluctation
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A 109 Azt AE&F Alo] Foks uF E&A, A¥l, B E SVHAIIE & FAEeE g A4
< 9y Qo B =704 A&Fs U 111017] 4] Ao 7](Upper-level Controller)2} 31| A ]7]

(Lower-level controller) 2 T4 FATh A Alo17]

ARty 2x £55 Theth a9l Alojrle A Aoi7ldlA mkEelx %E 4_1:

Throttle input A1 &5 THE0]A 2A-&F38 xtgFo] Alojo] B3 L =9 7S =S AA st Z}aol Space Al
o] ¢} Speed A|o]E 7}s31A @t} (Zhou and Peng, 2005). Space Alol= AAH £=& FA = AW olz}

ARE AYE FA8LL, Speed Aol AAE &5 GATS EH 07 FTHWang and Rajamani, 2004).

B =dAe A9 Alo7)e RE A#E 2 thFUATh Space Aloo] A5 A& A7F F3 S
9 EHs AUt gorng x7o] Y ¢ of @ (Distance Error)7} ZA WAELAL o217t Alojo] 25 A<
FEFE VA AEFY A" AA Y kY-S FFT] wE EE’“%‘ 23 A eFo] & g 3}th(Fancher and
Bareket, 1994). 2F7bAE o} A T Alo] dugFL &4 T84S AAste T3 4ot BA
&A A%F 75T A" WS A ARS EQbdsH UP—U]-(Moo and Yi, 2008).
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H A4 AFAEC] A FEA BAES % T Aor)e A, A7) ke M EAlol ol
A AFskar Qluk 288 WA Ao7](Holve et al,, 19954, F BT 7IEEE Hlwdle] HA 7MEES
AE3= N2 7F 5 ¢ 8)FDermann and Isermann, 1995)¢] AAH AL 2L M dygFoz
= 37HA AAES AE-S A8 A 2ko]u(Zhenhai, 2016), 258 73 ko] (Yang et al, 2020) ATFHAT 1
g A7E AS Ao, 7E &5 duHFo2E MY Ao dFS A = Space Ao 54%
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%%}71 OJEZ‘E} B =dAe MAE A% Ao g A7 /&Rl A& RAste] $4 A4S B

olF A A A AU (A} £5)S 718K Rajamani, 2011) 0.2 N2 G EFS
?4%@1@ X*%El U2 F-2 Space A|OIE A3 & Al HAs= &5 B A A9} EHAS &S =
oA A& AxHle PFAEE Fole A HXEE drh
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1) Hardware composition

<Fig. 1>3} o] st=go] Fx2&= AA, AL F5F2 F45H, AA AlF(Sensor Layer) A 2719
gholth % 3 17]9 ghojrket 5709 Heoly Al Hi TAHEAT AA ASS T3A S0l A= Control
unit(Computing Layer)2 A&F3)o] a3t Qx| At Ao Qg AS F3P3ic)

Sensor Layer
Lidar x 3 GMN55/INS Radar x 5 Mobileye Camera

1

Computing Layer

Control unit Actuator Layer
- - Perception i
LTI ! - Localization
| Tewng,. - Path Plulllmihg g dza MDPs & ESC
« - Mission Planning

<Fig. 1> Autonomous Vehicle Hardware Architecture

2) Software Composition
AT A AzEe @_uw o x|, A, A2 T4 0| Itk <Fig 259 Lol B w=EoIA A
Ao] daFS F A o vtk A9 Aol AE AlA e @4 14 ARE 2712 a3 Ao
REE 2YST BT B S5E 59 Ao12 At ksl Ao el WA Lol B LE
Hlwsle] EX 7MERE TR (Acruator Layen) &2 AgG3lth F5H AFdAMeE 5EX 7MEEE ARE
7H: B gL Bo] 35 o] &34 AFS Alofdth B =wAAE A9 A7l AAE FE U

)
oan il

F Y

Inter-vehicle states

Lower-level
Mode switching T/B switching

| Control algorithm

1 .
Cruise mode
)
Space mode

e ! Throttle Brake
P e

e —

Acc vehicle

| Drive control || Brake control |

Upper-level

<Fig. 2> Cascaded Controller Structure
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1) State Machine

2 E=wdAe A AL A fdd wetA A7) 2 A8 AF 2 229 245 )8
(Distance-Speeed Based) 2.2 Ao} =7} Cruise, Space T 7FAZ Ut M) zgzte] A
E A (R, )T Z0HE ZH5E 91304 Space mode® AFETE WthE A& 2Fae] R 3ol Ry,
Bt 201 Cruise modeZ ASHEH, A3 2 £=(v,, )7} cruise mode A S5(v,, )BT & 70l
% Cruise mode2 Z#3Hc} State Machine <Fig. 3>3} o] 43t

R > Rf inal
Upre = Vse
—* [ Space mode

(FeedForward +
FeedBack)

Cruise mode
R < Rf inal

Approach
mode
Upre < Vget

<Fig. 3> State Machine for Longitudinal Control System

2) Mofzg

AeFd AFE GF LF Al e Bad AclE A4ST ABY F lolop B ABL
<Fig. 4>} o] o £oJIT). <Fig. 4> ST 7 FHL A7) Aol YA, WA} £ A Abole] A
P d W BES FARES B <Fig 4> A5 FAL KO WAZME Aol FAHD Axdol

[e]
&
Throttlee AH&-3to] A AFFe ZEHAI7IH, BoAd Beo]laE AH&sto] &3 <Fig. 4> +F

r7 2] (Headway Distance)S #2130k <Fig. 4> 7H: F3E 2] WAI 2 olf2 4} jl& o, A=
ol 448 £5747] 7448 Th(Zhai et al, 2011).

1. Constant velocity operation 2. Deceleration control

3. Following operation

<Fig. 4> Longitudinal Control Mode Switching
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3. Mot gna|E

Cruise #1194 Headway Distance Woll z}&Fo] 72 E 7-9-0 Space A= 3= 7] o] Space A=R=1
o] &% #Hatel Ay WAE FoA A 2EH AL FR3Ely] sl AHE Approach €8-S Approach
A4 Al Well Aol ZAE B¢ £S5 IAR A AL B4, A T AFe = wAg A
HAE E0]7] A1ZS). Space A|©J+= Headway distance®t At £55 EXZ Aofshy] w&o, £ HA}
s} Ag) A7} AL52 dAA Aojo] freldith Space Aol71 29| A& HANM 27 RY RO Z

ol A A7t Aol S BASR File FYdd =@t 2FFo] IA 7HEsle]of 6PJ%(RaJamam,
2011), At G2 Ro} RO WBES 2o A £84L8 AT

1) Mo dE|&E

<Fig. 5>9} o] AW AFo] EASA FAY, AW Ao £57 Cruise Aol £XF £ERT HE of
Cruise A|o]Z FZHETE Cruise Aol= AH&F AF £59 Cruise F3F £5 Abo] 9] HALE 00.& fA/3}
EE A& AFY £59 BX &5 Aol HAE JHOE 3t PI Aloj7|= AASIATE (Vicente et

al, 2012).
<Fig. 5>9} o] ¥} A& A}8Fo| Headway Distance Woll EA|3IH Space EEZ HFHHT Space RSRSXC)

¢

SR A9 AP S5 WA A BHRE $AN 002 FASHES P Aolle R RE 7]
"o 2 M A8 Th(Vicente et al., 2012). Headway Distance Wloll AW A& 2}3Fo] A stAY, A-&F3 25
o] B £ 1HT =¥ 9ol Space R AZSITH

Control mode Motion relatonship Acceleratnon

None targetvehicle

D

If R <approach algorithm distance accel e = kv(”target = 1?) +k; f(uﬁdes + Uego)dt

(A} — S

If R < headway distance
w LD < accelspacs = Ko(tpre =)

<Fig. 5> Longitudinal Control Mode for Autonomous Vehicle

Cruise

71E e FE <Fig 6>, <Fig. >3 o] AN A% AFE DAviA) viE AFe AREA e,
A& T8 AFE A S22 FYPsehrt 1 E 2l (Switching line)l B < Thd kS ffsiA R, A
A CHA A TRz 71 G FS BAE A s WiEel R Aol ciE e
T AAMA AEstaL, AAX8) kst R, A7 22EES Tk (Wang and Rajamani, 2004)
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<Fig. 6> Previous Algorithm Direction <Fig. 7> Previous Algorithm
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<Fig. 8> Suggested Algorithm Direction <Fig. 9> Suggested Algorithm
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Approach &I E]FS 283 A AF 28 Hof A AFes Ade skl en 1 9ol Cruise
Aot Space Ao} LarglEL FLsHA A8

<Fig. 10>3} <Fig. 11>& Al¢kd dug&3} 7|2 dugdE 19 714 Bl S Uehith <Fg. 10> 4
AgE G IAFomRH Ao RE A% S PPHow B
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<Fig. 10> Acceleration vs. time in the test

<Fig. 11>o04 A LAZ| A 745 55820 WA 7]
= of 13v) 7 r:a 2 o)z AUE YeEe) Ao) BE Aol B REYT LAl +-84 SRoly

H $5e 398 5 A

i
ol
T 1>
lo,
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N
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<Fig. 11> Acceleration rate vs. time in the test

<Fig. 12>3} <Fig. 13> Ajbe dae] &3 7|2 dargfs e A7) At A3 25 Aole] At =
o} 3 e #e derdth

<Fig. 12> 4t £= g2 Yepide. Ade dagsd 7|E dags 3
Bh Ak dagFo] S A Lol 202 7 W] =Esta g3 doh

<Fig. 13>l4= Ath Al @& viwstd=d, 2 2ols #ARIsh] o 71E daeFol 51 7T
o E2dtis -smrtEe eAE HAE MY, AjbE dagEe - 05mrbEe oA g T
AU

<

igorithm relative velocity

algorithm relative velogity

relative velocity(m/s)

a 20 40 60 80 100 120
time(secs)

<Fig. 12> Relative velocity vs. time in the test
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<Fig. 14>} <Fig. 15>14= R— R Tho]o] 13 (Fancher and Bareket, 1994)< S84 A|oke 11|23} o]
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<Fig. 14> Previous Algorithm R— R Diagram <Fig. 15> Suggested Algorithm R— R Diagram
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