NGHIEN CUU - TRAO DOI

TOI YU HOA HE THONG TREO XE HYBRID DUNG TRi TUE
NHAN TAO

OPTIMIZATION OF HYBRID VEHICLE SUSPENSION SYSTEM USING
ARTIFICIAL INTELLIGENCE

Lé Thuong Hién*, Té Ngoc Thién, Hoang Vin Luec
Truong Pai hoc Di¢n luc
*Email: hienlt@epu.edu.vn

TOM TAT

Cdc phwong tién giao thong ngdy cang tré nén phicc tap voi sw tich hop ciia nhiéu cong nghé
mdi, viéc vmg dung cdc thudt todn hoc mday (ML) va tri tué nhén tao (AI) trong t6i wu héa hé thong
treo 6 t6 hybrid dang mé ra nhitng trién vong ding ké. Hé thong treo déng vai tro quan trong trong
viéc dam bao sw on dinh, an todn va cam giac lai, dac biét la doi véi cac phuwong tién hybrid, noi
su két hop giita dong co dot trong va dong co dién doi hoi mot hé tho”'ng treo linh hoat va hiéu qua
hon. Bai béo trinh bay img dung AI va ML ¢é thé gitip t6i wu héa cdc tham sé ciia hé thong treo, cdi

thién hiéu sudt van hanh va giam thiéu mirc tiéu thu nang luong.
Tir khéa: Xe hybrid; Hé thong treo.
ABSTRACT

As vehicles become increasingly complex with the integration of new technologies, the
application of machine learning (ML) and artificial intelligence (Al) algorithms in optimizing
hybrid vehicle suspension systems is opening up significant opportunities. The suspension system
plays a crucial role in ensuring stability, safety, and driving comfort, particularly in hybrid vehicles,
where the combination of internal combustion engines and electric motors requires a more flexible
and efficient suspension system. This paper presents how the application of Al and ML can optimize

suspension parameters, improve operational performance, and reduce energy consumption.
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1. MO PAU

Nhu cu ngiy cang ting vé phuong tién
giao thong hién dai, tiét kiém nhién liéu va than
thién véi moi truong di dan dén sy phat trién
nhanh chong cuia xe hybrid. Xe hybrid 14 sy két
hop gitta dong co dot trong va dong co dién,
mang lai sy can béng gitra hiéu suét van hanh
va tiét kiém nhién liéu. Tuy nhién, cic hé thong
treo thong thudng kho c6 thé déap ¢ ng duoc yéu
cau ctia xe hybrid do sy phirc tap vé cau triic va
su thay doi lién tuc cua tai trong va diéu kién
14i. Chinh vi vay, viéc tmg dung Al trong toi uu
hoa hé thdng treo ciia xe hybrid 12 mot hudng
di day trién vong [1, 2].

O t6 hybrid c6 cac dic tinh dic biét nhu
trong luong thay ddi theo murc d6 sac cua pin,
va sy phan b lyc kéo khac nhau gitta dong co
dién va dong co d6t trong. Cac yéu to nay yéu
cau hé thdng treo phai c6 kha ning diéu chinh
linh hoat dé duy tri sy 6n dinh va thoai mai
cho nguoi 1ai trong moi tinh hudng. Vi thé, hé
thong treo khong chi can toi wu hoa dé dam bao
hiéu suat trong cac diéu kién l4i khac nhau ma
con phai két hop vai cac hé théng khac cua 6 t6
hybrld nhu hé thong phanh tai tao va hé thong
diéu khién dong co. Su phic tap nay yeu cau
cac cong cu manh m& nhu Al va ML dé xir ly
va dua ra cac quyét dinh t6i wu trong thoi gian
thuc [3, 4]. Cac thuat toan hoc may va tri tué
nhan tao c6 kha ning tu dong hoc tur dir licu,
nhan dién mau va diéu chinh h¢ thong theo thoi
gian. Piéu nay dic biét hiru ich trong viéc toi
uru hoa hé thong treo, vi cac hé thong treo phai
phan mg nhanh chéng va chinh xac voi nhiéu
yéu td nhu téc do, dja hinh, trong lugng xe va
luc kéo tr dong co [4].

2. MO HINH UNG DUNG

Hé théng treo cua 6 t6 hybrid c6 thé
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dugc trang bi cac cam bién dé thu thap dir li¢u
vé cac yéu td nhu téc do, goc nghiéng cua xe,
tinh trang mat duong va mac do nén cua 10 xo.
Nhitng dir liéu nay s& dugc st dung dé huan
luyén cac md hinh hoc may nham ti uu hoa
céc tham sb ciia hé thdng treo (chang han nhu
do ctmg cua 16 xo va do giam chan). Céc thuat
todn hoc mdy nhu hoc sau (Deep Learning)
hoac hoc tang cuong (Reinforcement Learning)
c6 thé duoc s dung dé phan tich dir liéu tur
cac cam bién va dua ra quyét dinh vé viéc diéu
chinh cac tham sb trong hé thong treo. Vi du,
néu xe di chuyén trén mot con dudng gb ghé,
hé théng treo c6 thé tu dong diéu chinh d6 mém
ctia 10 xo dé giam thiéu va cham va rung lac,
trong khi khi di chuyén trén mat duong bang
phiang, do ctng co thé duoc ting 1én dé cai
thién sy 6n dinh [1,2].

Hinh 1. Hé thong treo xe hybrid

Mo hinh 6 t6 hybrid voi hé thdng treo
c6 thé diéu chinh do cung cua 1o xo va do
giam chin dua trén cac yéu t6 nhu téc do, goc
nghiéng cua xe, va tinh trang mat duong. Muc
tiéu 1a sir dung dir liéu tir cac cam bién ciia xe
dé t6i vu hoa cac tham sé nay dé mang lai sy 6n
dinh t6i da va tiét kiém nang luong khi 1ai [4,

5.
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Céc yéu to ma ching ta c6 thé toi uu
hoa bao gom:

Toc do cua xe: Toc do cao hon co thé
yéu cau do ctng 16n hon cta h¢ thong treo dé
gitr cho xe On dinh.

Goéc nghiéng cua xe: Khi xe vao cua
hodc gap con duong go ghé, h¢ thong treo can
di€u chinh dé giam thiéu rung lac.

Piéu kién mit duong: i voi duong
g6 ghé hodc khong bang phang, hé thong treo
can mém hon dé gidm va cham.

Chutng ta s€ sir dung mot mo hinh hoc
may, cu thé 13 thuat toan hdi quy (regression),
dé du doan do cung t8i wu va do giam chan dua
trén cac thong sd dau vao.

Lap trinh bang Python:

import numpy as np

import pandas as pd

from sklearn.model selection import train
test_split

from sklearn.preprocessing import
StandardScaler

from tensorflow.keras.models import
Sequential

from tensorflow.keras.layers import Dense

# 1. Tao dur li¢u gia 1ap cho bai toan tdi wu hé
thong treo

# Gia st chiing ta c6 céac dac trung sau:

# - Do gb ghé clia dudng (road roughness)

# - Trong tai (load)

# - Toc 40 xe (speed)

# - Trang thai dong co (engine_state): 0 1a dong
co d6t trong, 1 1a dong co di¢n

# Dir liéu dau vao (input_features) va tham sb
dau ra (output_parameters)

data_size = 1000

np.random.seed(42)

road roughness = np.random.rand(data_size) *
10 # Gia sir 4o gb ghé tir 0-10
load = np.random.rand(data_size) * 1000 #
Trong tai tir 0-1000 kg
speed = np.random.rand(data_size) * 120 #
Tdc do tir 0-120 km/h
engine state = np.random.randint(0, 2, data
size) #01a dong co dot trong, 1 1a dong co dién
# Tham s toi wu cua hé thdng treo: PO cimg va
luc giam chan
spring_stiffness = road roughness * 0.5 + load
*0.1 +speed * 0.05 + engine state * 5
damping_force = road roughness * 0.3 + load
* 0.2 +speed * 0.1 + engine_state * 3
# Tao DataFrame
data = pd.DataFrame({
'road_roughness': road roughness,
'load': load,
'speed': speed,
'engine_state': engine_state,
'spring_stiffness': spring_stiffness,
'damping_force': damping_force
})
# 2. Chuan bi dit liéu cho mé hinh Al
X = data[['road roughness', 'load', 'speed',
'engine_state']].values
y = data[['spring_stiffness', 'damping_force']].
values
# Chia dir li¢u thanh tap huén luyén va tap kiém
tra
X train, X test, y train, y test = train_test
split(X, y, test_size=0.2, random_state=42)
# Chuan hoa dit liéu d¢ cai thién hiéu suat ctia
mang no-ron
scaler = StandardScaler()
X train = scaler.fit_transform(X_train)
X test = scaler.transform(X_test)
# 3. Xay dyng m6 hinh mang no-ron
model = Sequential()
model.add(Dense(64, input_dim=4,
activation="relu'))
model.add(Dense(32, activation="relu'))
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model.add(Dense(2, activation='linear")) # 2
dau ra: spring_stiffness va damping_force

# Compile mo hinh
model.compile(optimizer="adam', loss='mse’,
metrics=['mae'])

# 4. Huan luyén mo hinh

model.fit(X_train, y train, epochs=100, batch
size=32, validation_split=0.1, verbose=1)

# 5. Banh gia mo hinh

loss, mae = model.evaluate(X test, y test)
print(f'Mean Absolute Error on test data:
{mae}")

# 6. Dy doan trén tap kiém tra

y_pred = model.predict(X _test)

# 7. Hién thi két qua

import matplotlib.pyplot as plt

# DO thi so sanh gitra gia tri thuc va gia tri du
doédn

plt.figure(figsize=(14, 6))

# Do thi d6 ctng cta 10 xo

plt.subplot(1, 2, 1)

plt.scatter(y test[:, 0], y_pred[:, 0],
color='blue', alpha=0.5)
plt.plot([min(y_test[:, 0]), max(y_test[:,

0]], [min(y_test[:, 0]), max(y_test[:, 0])],
color="red")

plt.xlabel('Actual Spring Stiffness')
plt.ylabel('Predicted Spring Stiffness')
plt.title('Spring Stiffness Prediction')

# D04 thi lyc giam chan

plt.subplot(1, 2, 2)

plt.scatter(y_test[:, 1], y_pred[:, 1],
color='green', alpha=0.5)
plt.plot([min(y_test[:, 1]), max(y_test[:,

1], [min(y_test[:, 1]), max(y_test[:, 1])],
color="red")

plt.xlabel('Actual Damping Force')
plt.ylabel("Predicted Damping Force')
plt.title('Damping Force Prediction')
plt.show()

Giai thich cac budc cua chuong trinh:
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Tao dit liéu gia lap: Dir lidu dau vao bao
gém do gb ghé cua duong, trong tai, tbe do xe
va trang thai dong co. Dau ra 1a cac tham s6 toi
vu cta hé thong treo (d cung cia 10 xo va luc
giam chén).

Chuan bi dir liéu: Dt liéu dugc chuan
hoa dé cai thién hiéu suat cia mo hinh.

Xay dyng mo6 hinh mang no-ron: Mo
hinh ANN dugc xay dung voi cac 16p an co
kich thudc 64 va 32, véi 16p dau ra du doan hai
gia tri.

Huan luyén mo hinh: M6 hinh dugc
huén luyén véi dir licu huén luyén.

béanh gid mo hinh: Hiéu qua cia mo
hinh duoc danh gid dya trén do 16i tuyét doi
trung binh (MAE) trén dit lidu kiém tra.

Du doan va hién thi két qua: Du doan
ciia md hinh dugc hién thi dudi dang d6 thi
phan tan, so sanh gitra gia tri thuc va gia tri du
doan cua do cing 16 xo va lyc giam chan.

3. KET QUA MO PHONG VA BAN LUAN

Do thi trén thé hién mbi quan hé gitra
gi4 tri thuc va gia tri du doan ciia cac tham s6
hé thdng treo xe hybrid. D6 thi bén trai 1a do
cting 16 xo0 va do thi bén phai 1a lyc giam chén:
+ Do thi d6 cliing cua 10 xo (Spring Stiffness):
Céc diém phan tan xung quanh dudng mau do
biéu thi sy khac biét nho giira gia tri thuc va gia
tri dy doan. Puong mau do biéu dién duong
Iy tuong noi gia tri thuc bang gia tri dy doan.
Diém cang nam gan dudng nay thi do chinh xéac
cua mo hinh cang cao. Du mo6 hinh khong hoan
toan chinh x4c, ching ta van thay rang mé hinh
du doén véi do chéch 1on. Cac diem dir liéu
phan tan xa duong chéo ching té mo hinh chua
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thé¢ nam bat hét cac yéu to anh hudng téi do
cung cua 10 xo.
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Hinh 2. Két qua mé phong

+ Db thi lyc giam chin (Damping
Force): Tuong tu, cac diém phan tin xung
quanh dudng mau dé biéu thi mbi twong quan
gitra gia tri thuc va gia tri du doan cua lyc giam
chan. Péi véi do giam chin, md hinh c6 vé du
doan chinh xac hon. Céc diém dit liéu phan bd
gan duong chéo hon, chi ra ring mo hinh c6
thé hoc duoc mdi quan hé dé dang hon gitra cac
yéu td dau vao va do giam chén.

Hinh 3, 1a két qua d6 thi mé phong sy
thay d6i cua do cung hé thong treo theo thoi
gian, dya trén d6 gd ghé cua mit duong (gia
toc). Khi mat duong tré nén gd ghé hon (dao
dong gia toc tang), hé thong treo tw dong dicu
chinh dé tré nén mém hon nham hép thy chin
dong. Nguoc lai, khi duong phang, d cimg cta
hé théng treo tang 1én dé duy tri sy 6n dinh.

Diéu chinh d§ cing caa hé théng treo theo thai gian

D0 gb ghé mit duing (gia téc)
D} cimg hé thng treo

Glé tr
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Hinh 3. Diéu chinh dj cirng theo thoi gian

Két qua s& 1a cac do thi phan tan cho
dd ctiing cua 16 xo va lyc giam chan, cho théy
hi€u qud ciia mo hinh Al trong viéc du doén cac
tham s6 t6i uu ctia hé thong treo xe hybrid.

4. KET LUAN

Viéc ing dung tri tu¢ nhan tao trong tdi
uu hoa hé théng treo xe hybrid 1a mot hudng
nghién ctru day hira hen. Cac thuat toan hoc
may va Al khong chi giup moé hinh hoa va du
doan cac tham s6 ctia hé thong treo ma con tdi
uu hoa chung trong thoi gian thuc, cai thi¢n
hiéu suit van hanh, tiét kiém nang lugng va
tang tinh on dinh cho xe hybrid. Trong tuong
lai, cac nghién ctru s& tiép tuc phat trién cac
thudt toan hoc sau, tich hop dir li¢u 16n va hé
théng diéu khién ty dong, tir d6 mang lai thé
hé phuong tién giao thong thong minh va than
thién véi moi truong. <
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