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Abstract : As the development of control systems used to improve vehicle driving stability becomes more advanced,
determining the intervention time of the control logic has become increasingly important. Oversteer is one of the critical
factors in determining the lateral stability of a vehicle. Therefore, not only autonomous vehicles, but all vehicles require
accurate predictions and judgments for oversteer to ensure driving safety. In this paper, a neural network-based artificial
intelligence methodology was used to predict the presence or absence of oversteer. While previous research has been
painstakingly conducted with complex judgment conditions and lookup tables, the oversteer decision model based on
artificial neural networks of this paper can save time and cost because it can determine whether oversteer occurs without
having to consider different individual variables. This model has been validated by using real vehicle experimental data
under different driving scenarios.
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Table 1 ANN model structure

Layer name Output shape Parameters
Input (1 x 11)
Dense (1x256) 3072
Dropout (1x256) 0
Output (1x1) 257

Transactions of the Korean Society of Automotive Engineers, Vol. 31, No. 9, 2023 669



Sungwook Kang * Minji Kim * Joseph Lee ¢ Seung-Han You

ANN Output
o o
[} [e=]

o
i

o
N

12 14 16 18 20 22
Time[sec]

Fig. 2 Output of ANN model for low-mu 70 kph slalom

42 2 23 32

Aol A S ANN BHle] #F &9 gho] &
Azl Fa o= Agws AR FA R A
Ak ko] 7]Egk A 2 ol S MEE A

2,3 the] A7t A8 =)
A3} Figs. 4, 5914 E}glﬂéﬂﬂ—é FHH O 4

=5t 916-% #18  gek.

PE
59 29 ghol o] 3} NelE A 83tel WLe oS
gel Wahe AaseledthFie 5). AEH 02 AP
29 ghol 0427} 2 A9E 2ol % Bekslolc,
olelst mul F2o] FAE Fal onlxElold] e

o= A& Q] Recall = 9F2 % 71 /RS = ATk

670 sRAS2AIES =27 A31A A9E, 2023

1t - S
0.8}
c
Ke]
© L
506
j<
o
304f
e
=
0.2
0
12 14 16 18 20 22
Time[sec]

Fig. 3 Oversteer prediction result of original ANN model for
low-mu 70 kph slalom

o o ©
N o ©

Filtering ANN Output

.
N

12 14 16 18 20 22
Time[sec]

Fig. 4 Filtered Output of ANN model for low-mu 70 kph

slalom
1t | -
0.8
c
k)
(8]
206
o
o
To4f
[e]
=
0.2t
0
12 14 16 18 20 22

Time[sec]

Fig. 5 Oversteer prediction result of proposed ANN model
for low-mu 70 kph slalom



Development of Oversteer Prediction Algorithm Based on Artificial Neural Networks

5. Azt £ gloje 2|8 22 AHS

g ’a‘% ALzl

W e oS Hieg Hrisr] ¢
ol 5F79 A3] Ao E 2] v
e 4011*1 TS to|HER g5ol A5
2] e AFuolEE AT AFdloly £ AlE
= 2k 90% dlo]E 9] sl 9,06971 01T} 9,06971 <]
tlo]E] 5 QB ~Elo] tloJE|= FEHAEo] O
= 8,4727H o|t},

59771,

Table 2 Driving scenarios for experimental verification

=

g

=

o

=3

2

<

o

2]

3

2.5

s 3 4 5 6 7 8 9 10 1 12 13 14
= 20
FEl %5, Lhe Y Rear N .
3 I3 y i”l-‘. Front ; \\ N
T o' % 7 Y BPR =acee .LU \ i L pree
g Y ! N o

s T . S
> 20 . -

3 4 5 6 7 8 9 10 1 12 13 14

T2 —— Pressure FL I

= | 4 - - - Pressure FR | .

S ) 1 Pressure RL \ I "

2 ( i - ) {

¢ P A R _,J’"" Pressure RR ,‘r‘ /J s 0

<, = o SRR

3 14

c

S 1f

S - | ]|
@ ! ===True
& 05 j
3
3 o ]
=

SC;III(?HO Maneuver ?ﬁ;ﬁ‘)j Peak p (S((iae‘;/::tc‘;
1 Double lane change | 150 0.9 -18~18
2 Sine 125 0.9 -28 ~26
3 Sine 125 0.9 -28 ~28
4 Slalom 50 0.3 -10~12
5 Slalom 70 0.4 -10~5

52 24 o ds 85

I Aol A ARk e =E o] o=

nde] o= 4

T}E Table 33} o] &5 3 H(Confusion matrix)% L}E}
WA &, o v AS7E 0.991 =0 A o] TR

W7 3R A 21014 o) al
¥ 0} AT} e
250l v el %

ZA}E Fig. 691, =
=Wl A 70 kph £2F KA
A3}E Fig. 791 212 YEFITE Table

Tlme sac]

14

Fig. 6 Model prediction results for high-mu double lane

changes
=)
[
o5
5
2
&
=3 Y
7]
25
§ 13 14 15 16 17 18 19 20
@ 20 T T T
§ 10+
5
S or - 3
<§u l"»»-\*(\:’ A
£ qolnrbbin

@

14

N
S

3

—Pressure FL
- = =Pressure FR
~Pressure RL
- = ~Pressure RR

Pressure[bar]

o

39] &5 3 H(Confusion matrix)ol| 4] 7+ EH2E]ofo] tf
Sl of| & A =21 Specificity, S H Z=E] ool Tl of| & A
2 Recall-2 242} 99.8 %, 93.3 %= S A4 T 2 A ESC
T Al BjAo) B} B2 Q3 Aloj7) o] 28R S8
o] w4l o]k ol A Recall .t} Specificity©l] &
A5 5 AAIR S o] A%k

17 18
——Pred
Erei=True

n n T
16 17 18
Time[sec]

@
.
1 ak
2

Model Prediction
o
o o =
T T

@
=
a

Fig. 7 Model prediction results for low-mu 70 kph slalom

AR SR B, vl WA 2 o] glo]
oWaElolE nad 43 dSets AL AAY 5
] ] == o = o) . .. ..
QAT ThRL, thaszke] A epseh @ M 2Elo g o Table 4 Time delay of oversteer prediction for driving
A AASIAY A A sHE Fio] TEE o o scenarios
& Table 40 Alue] @ M2 it AAAES e}
Average time delay(sec)
‘ ) ) o Scenario No. . . . .
Table 3 Confusion matrix representing model prediction (No. of oversteers) At starting points | At ending points
performance 1(6) 0.013 0
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Model result
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