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Abstract : To enhance the safety of self-driving trucks, a machine learning-based study was conducted to predict rollover risk
by utilizing planned path curvature and driving speed. The research involved simulations based on safety tests for truck
rollover, facilitating the calculation of the Lateral-Load Transfer Ratio(LTR), a critical metric in evaluating the vehicle’s
stability during various maneuvers. In this simulation, the curvature of the planned vehicle path and the lateral acceleration
derived from the driving speed were employed as key input data for the machine learning model. Among the various models
assessed, the Recurrent Neural Network(RNN) exhibited the highest prediction accuracy, particularly when the lateral
acceleration derived from the planned path curvature and speed was utilized as input data. These findings are expected to
improve the planning of safe optimal routes and speeds, based on the predicted rollover risk.
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Nomenclature LME2

LTR : lateral-load transfer ratio Al 4 o] AT sHEate] o] FEE vt
TTR :time to rollover Lo, =2 Qoo okAA 3t = o] [ 3] 2.3 A
DLC : double lane change 2 o} Qrhh AZA EA4P) w2, 2022\ 3 &) =
SWD  : sine with dwell QF SHEA} ALaLE 24,2337 0] WAIFl o, o] 2 13
MLR : multiple linear regression 6304 o] AFgalar 34,9227 o] FdFAle) B3] A=
CNN  : convolutional neural network e A w5 AbaLe x| FEAFaLel] BlEl A v

RNN  : recurrent neural network T A AR A A 0 2 H S A ES BT
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WAkl B2 9] 284S ol AdlMe Ak
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(a) DLC test (b) SWD test
Fig. 1 TruckSim Simulation
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Fig. 2 Track specifications for DLC test (m)
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where x : Longitudinal coordinate (m)
y : Lateral coordinate (m)

t : Time (sec)
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where k : Road curvature
V. : Longitudinal speed (m/s)
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where F, : Vertical load on left tire (N)

F,, : Vertical load on right tire (N)
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Table 1 RNN Architecture

Type Description Characteristics
Sequence input 10
Layers LST™M 50
Fully connected 1
Optimizer adam
Main Epochs 50
Hyperparameters Dropout rate 0.2
Batch size 32
Table 2 RNN Input and Output
Type Description Units
Road curvature -
Input Longitudinal speed km/h
Lateral acceleration m/s®
Output Lateral-load Transfer Ratio -
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Table 3 Comparison of prediction accuracy for LTR(Curvature
and speed vs. curvature and lateral acceleration)

Mean squared error
Type Speed (km/h)
Model A Model B
40 0.0041295 0.0000168
DLC 80.5 0.0070954 0.0001994
50~70 0.0033708 0.0001438
40 0.0011664 0.0004339
SWD 80.5 0.0005428 0.0000835
50 ~70 0.0006962 0.0003175

34 75K 2 MS Hm
71 AIEHs o) W o= AT 1
Random forest, RNN<- /\]-a‘lo}oq 7N AEES Adska

= EﬂOlEi—E* 7174]@}3% 01—&0}04 74 *l%ﬂﬂ 1 2E
% 3 5 AA dolg e} oS s gt e

Table 4= M35 /] o5 Aate] A vo]Efel o

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No. 1, 2025 13



0.4

T
Actual LTR
MLRLTR | |

02

N RFRLTR
~ — ~RNNLTR

LTR
o

-0.2

04 . . . .
38 4 4.4 46
Time (sec)

3.4 3.6

Fig. 10 Comparison of LTR prediction results with various
machine learning models(Driving Scenario: DLC test)

T
Actual LTR | 4
MLRLTR
RFRLTR

06

05

— — —RNNLTR ||

LTR

6 17
Time (sec)
Fig. 11 Comparison of LTR prediction results with various

machine learning models(Driving Scenario: SWD test)

T
Actual LTR
RFRLTR

-0.1F

02 . . .
3.65 37 3.75
Time (sec)

3.55 36

Fig. 12 LTR prediction results with RFR learning models
(Driving Scenario: DLC test)

Table 4 Comparison of mean squared error with various
machine learning models
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Type
DLC SWD
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