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Abstract : This paper proposed a slip fracking controller that could integrate an Asymmetric Integral Barrier Lyapunov
Function (AIBLF) and Neural Networks (NN) to ensure stable vehicle stopping in emergencies where the main braking
system fails. The featured controller employed the AIBLF to directly constrain the slip ratio, a state variable existing in the
negative region, within asymmetric constraints defined by a predefined lower bound and upper bound. Specifically, the lower
bound constraint prevents situations where braking is insufficient, while the upper bound constraint effectively prevents
wheel lock-up and the consequent loss of steering capability. Simultaneously, the robustness of the control is secured by
estimating and compensating for various uncertainties, such as complex parameter variations in vehicle slip dynamics and
unknown nonlinearities in real-time using the NN. Furthermore, it is proved via Lyapunov stability theory that tracking errors
and neural network weight estimation errors are Uniformly Ultimately Bounded (UUB). Simulation verification using
MATLAB/Simulink and TruckSim confirms that stable deceleration performance and directional stability can be maintained
even on snow road conditions by strictly limiting the slip ratio within the desired boundaries.
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LME A2gE ABHY, A2 5§ AFBY ol 48
Apee) T3 b & Husly) 98] A5 Alawle] Xk = Electronic Parking Brake(EPB)7H =9 ¥ 31§
B5e A5AQ aold, olo] Wk AlE Aol o T olel weh FEAEe] B L A EPBE o1
& AT AN 41 U2 RS SAHO] FTEOY @ Thdd AT AW ATk 55 EPBE B9
AAem AR @VEARAARAR A0} AT R YRAS AR 2T e 10
S0l AR ATAL WAV 5 AL FLA AT 7] AAE EPB ATl E ol $ 9 AUV &9 B

*Corresponding author, E-mail: ys.son@knu.ac.kr
“This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http2/creativecommons .org/licenses/by-ne/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium provided the original work is properly cited.

843


https://crossmark.crossref.org/dialog/?doi=10.7467/KSAE.2026.34.7.843&domain=http://journal.ksae.org/main.php&uri_scheme=http:&cm_version=v1.5

R FHH - 019 - 28T - £94d

Aoj7t FH o2 @ FETED

SIA|SHEPBE A58 A4 A, 232 IH &
7} =)o 3 2HE Al 29 2L Ao vjAg A EAS
ZHA B2 AAG Ao| 7} o]Ht. o] H 3 SAHER
A z="l 9] ety o] A S FLE 5 9o olell g 7
Q1% Ao] Mol @ FRATES) wH B43 F A A=
k3 Alo] HAUFORE 9B ke & dF37] oY
i 403, $50 F2 2831 EPB] 544 AlF
Ho| A3 AojHA F& HF 8 HOE EQMAHe=m
A7 AFe] 28 4L 29T 4 v FAVE 1y
& o, st=gol 9 A& FHEsa Al =1 Ul A] ¢t
AA AAE P = A v AY Ao 7|Ye] D
A o]t}

A AES M E 8 Ao 1 AlF AR
7 EL 2 TY FAE NG L, £HEC HF 7
ol A f-A] Elojof &), Al F Al 2E1S v 2% A
g Algte] 8 75 thdek Hofll A e AA4d 2
ZFel WM9E 94 ¥ 54< 7H Barrier Lyapunov
Function(BLF) 7] o] Z-4 7| 485 o] $r}. 1> E 5} A
23g Tsted 237} obd e W E AP AR
)| eF&t 4= Q1% Integral Barrier Lyapunov Function(IBLF)
7| = wol A Y=o b8 gl F o] Fof A =4
B Bigo] B8 544 dAA At 2] H|EEA
olt}. o] Y & AE FH3tAl FH 2ol & vl A Al
Z70 2 JeHHFE A3 A $8l=Asymmetric Integral
Barrier Lyapunov Function(AIBLF)7] ¥ o] t}ekgh H-oF]
A L5 3 ot A1 AlF AL, EHEL &5 39
o vk EA)FtER, 7]E 9] BLF 7| HE B¢ dlA A Al
oF 2L A"l 284 58 A E ALsA v
3}7] o} Frh? ks v Al TS A E v A
QA A} 2AL B3 e Med £HES A A}
£ Aol A el

ol#] 3 WA o] A A AlF Alz=FloA HAH] &
2313517] fl8] A Ao 9] 7]F o] B Efolo]-=9 m}
2 2L EEFS 3Y3 metste Aol A=
of kP o] XY FAo] of AREEZ AALLR
F4317] 918 24 FGst T Ao dAE =4 7]
W3} g3 @5 7] AA 71H B At o] o0
2y o]2] 3 2l 7]k oy wuhAl e A ~E sleln|E 7}
8 A AU EEP A 2 TG B8]
EAT A+ 450l At F vk @A 7F Aok
ol & FE37] S8l B v Y Al 2d9 vH FY
gto|u} Alito] B34e gt S adAH o E 2A}
& 4= 91+ Neural Network(NN)7]5E2] 7o 7] o] ghat
3 AtE 3 gk P2

844 BRASAZEE =R A4 A|7E, 2026

H AT A Ak =20 BE3) A AF B84
BAE A0 ©43317] 913] AIBLF9} NN& A3 sl
| 773 okl A &3] HaEH 3 gl B
AE A2 5444 8 A A Aok 2do] DasH, &
2l &Zo] Walyl W B8 A o] gFatA EASER 7
A3 Aol A5 AT ABAAE AT F ULEH
AIBLF9} NN& H &8t 771 2 a3}

B =M e F AF FH 9 71T Adolge v
3ol A Apeke] HA Al A& ®AEL7] 91§ AIBLF
9 NNE 289 €8 % Alo7]1 & Attt Algkd
Aol 7] AIBLFE =43t 8 ©ied £HES AR
o A4 3T A2 &F #holl EAlEe £HE
S A9 v A Al 24 Yol &3 &3 A =
A& B8 AEol HA = A4S WA star, e Al
ZALENEAAA AN L 223 2T 5 FAS
a3 H 0 2 A g, ol 9} FAo, AHEFe] &9 TG}
o] 5244k vejul g Hal 2 v X)) njAdgAgda} 2L o
&3 B4 S NNE T8 AN FAs ] B3
2N Aol AP L FR T T3 2ol F X gt
A 0|2 & B3 4 oA WA e A 4 oA
7} Uniformly Ultimately Bounded(UUB)® & 54 331t}
MATLAB/Simulink¥} TruckSim<- ©] &8+ A E#o]4 7
2 58 Snow =W A M= EHES e B
Sto 2 Ao 2N, HA A 14 As T vk obA
Aol A8 L AF3.

2. X0 S8

2.1 EPB 74

Fig. 12 &-82FF A2 5 Y2 EPB Al 2=H9]
AA T8 YebdY, T4 EPB Al2¥12 A48-3}e]
AE 54L& 1Esd 7L TE FHYo 2 43}
], 2A A% AF ¥, ECU, 75 AF o8z FAH
H, o] = WA EPB Al 28l 9] 213 ] H Ao} 35
& WE0}h9 2 U] ECUE ] CAN $41S F3) 7
Z g vyo|a Hg 29X, dZ B, 8 Ho|E, AF

Fig. 1 EPB system configuration



HICHY 22 H[2]0] 2|opF LI B 71 HE A MM T4 230|3 &F 2F Ao

S5, A4 B7199 2L olEE AANeT 7
o 37193 A5} & Aol vl 4 A T2} o]
2 ) ol 229 ) BFE Bl B nAeto] o
AR g Su e,

2.2 H0j7| 4A

EPBA| 2R WAl g | A4 o §H A Aoz <&,
A7 F3 FAoA L3 AFH S Fr st A g
A7F et olof] £ Aol A& AIBLFZ|H & 58 vl o]
A AFzA0R S5 gog A SHES 58
Ao 2 Algtgiet. 3l AP 91 & Fal Al Fo] HA &
=SS A, A A EAE B3 2 AT S
A g} 2 E =] efe 9| dhS BAEH7] 98 NN &
Z7)18 A3 Alo] F2E A AAFH A 74
< Fig.2¢9} Zon A Ao T2 1 Ake] EPB 2=9]
2| 22 zbo| Mt 5 X EHES 4SS AL R, Al
71 e A AMZRE AA £HES 0AE Y Ee}
ALHE 33} AIBLFE= A EHM S £ 5o Ao
QA el HE2E 5 Agsld, A oy &
2712 AR NN 7|8 857 8 53 A A 370 A
% iF 2L 04 AF 595 Al 2"l e 58
A mdgo] Gallg et v A 9 aE AAte R
gt5etal 43 98-S Yt o] & B3 Al=H
< A& B7HEd o] I7tEE A x A
Al eg FA7 7Fs sz

Fig. 2 Block diagram of the proposed AIBLF-NN slip control
system
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