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Modeling and research of passenger vehicles

uphill dynamics based on machine learning

GE Yangyang, FAN Pingqing
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] In this paper, aiming at the dynamics modeling and data processing problems of unmanned driving, starting from the
dynamics analysis of vehicle uphill process, considering various parameters, the mathematical model of passenger vehicles uphill
process and the method of processing modeling data are studied and established. On this basis, the machine learning network of
passenger vehicles uphill process is established, and the BP neural network is used to train the dynamics modeling data, which
greatly reduces the modeling error. The simulation results show that the dynamics model is optimized and the intelligent parameter

allocation is realized in the uphill process of passenger vehicles.
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Fig. 1 Flow chart of dynamics modeling
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Tab. 1 Measured data of engine torque

F, =

REHUEEE n/ (r+ min™") KAWL T,/ (N - m)

1 000 135.49
1 500 146.32
2 000 150.74
2 500 155.33
3 000 151.95
3 500 143.65
3 800 138.37
4 000 125.81
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Fig. 2 Fitting of engine torque performance for selected vehicle
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Fig. 3 Decomposition of uphill forces for passenger vehicles
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Tab. 2 Basic parameters
1 H ¢l
RGBT m/ kg 1535
i L/ m 2.908
BUL i b,/ m 0.566
B ZHTHIEE R o/ m 1.385
B B JE IR b/ m 1.523
REH#% C, 0.27
S p/ (N - &2 - m™) 1.2258
BHINEE g /(m - s72) 9.8
B RERE 7 0.91
A EFL A/ m? 2.442
TiE e i A A R R 6 1.2

AR 57 — 9 I Al 57 B9 A2 A L Bl AR Bl )

m=1535;2=9.8;
C,=0.27;A4 = 2.442;S, =— 1.089 8e — 15,5, =

1.231 5e = 11;S, =-5.373 0e - 8;8, = 1.042 4e — 4,
Sy =-0.071 0; h, = 0.512;6 = 1.820;24 = 1.2;L =
2.908;

index = 1;

fori = 0:100.:3 000
forj = 0:pi/60:pi/6
for £ =0.01.0.01.0.06
forz =0.2:0.1:0.8
it(index) = i;
jiCindex) = j;
kk(index) =k
zz(index) = z;
[ = hem o g cos()) 5
fo=(C, % A*1%i)/2.498e5;
Sy =mxgEsin());
Syo= 5, %(05)38, = 5% (14);5; =
S, #(173)3S,, = S, % (i2) ;S5 = S5 *1;
fi(index) =36.54 # (S, + Sy, +Sy; +S,, +Ss5 +
144.859 3) ;
a(index)= (ft(index) = (f, +f, +/3) )/ (x #m);
g(index) = (b/L)/(1/z + hg/L) ;
P(index) = q(index) — tan(j);
if P(index) > 0
P(index) = 1;
else P(index) =0
end
index = index + 1;
end
end
end

end
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Fig. 4 Flow chart of data training
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Fig. 5 Setting of training parameters
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Fig. 6 Weights of the hidden layer
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Best Validation Performance is 4.307 5e-05 at epoch 1 000
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Fig. 7 Performance of training errors

(THeE =)



