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CONVENTIONAL AUTONOMOUS VEHICLE
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TOM TAT

Xe tu hanh dwoc mong doi dueoe sir dung rong rdi dé tiang tinh an toan cho xe, chii yéu thong qua viéc
gidm cdc tai nan giao théng. Tuy nhién, thiét ké ciia né sé anh hudng dén mire ¢ tiéu thu nhién liéu cia xe.
Bai bdo dé xudt mét mé hinh tinh lwong nhién liéu tiéu thu cia mot xe 6 t0 tw hanh dung dong co dot trong.
Mb6 hinh tinh sé dé cdp t6i cac théng sé cé anh huong dén mire do tiéu thy nhién liéu cia xe bao gom: hanh
Vi ciia nguweoi ldi, diéu kién moi trwong va cac thong sé ky thudt ciia xe. Két qua cho thdy rang, véi mé hinh
tinh da xay dung thi muc do tiéu thu nhién liéu cho xe la 7.21/100km. Thong qua két qua nay, cdac bo diéu

khién sé duoc thiét ké dé giam murc nhién ligu tiéu thu trén.
Tw khéa: Xe tir hanh; Mirc do tiéu thu nhién liéu.
ABSTRACT

Autonomous vehicles have been envisioned to increase vehicle safety, primarily via the reduction of
accidents. However, their design could aslo affect the vehicle travel demand and energy consumption. In this
paper, a model is proposed to calculate the energy consumption of this kind of vehicle. Energy consumption
could be influenced by the most significant factors such as Driver behavior, Environmental conditions and
Vehicle specifications. The results show that the energy consumption is 7.2l/100km. Through this results

cotrollers will be able to designed to reduce the fuel consumption of autonomous vehicles.
Keywords: Autonomous vehicles; Fuel consumption.
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1. TONG QUAN

Cheah cung céc tac gia [1] du doan rang
muc do tiéu thu nang lugng cua nhiing phuong
tién xe kiéu moi sé giam mot ntra cho dén nim
2035 boi vi sy cai tién ctia cong nghé quan li va
diéu khién xe. Cac phuong phap quan 1y nang
lu:ong clia xe co thé xay dung thong qua cac yéu
t6 chinh anh hudng truc tlep to1 viée hoat dong
ctia xe. Nhitng yéu t6 nay bao gdbm: hanh vi caa
nguoi 1ai, didu kién méi truong xung quanh va
thong s6 ky thuat cia xe. Xe duoc diéu khién
thong qua hi¢u 1énh cia nguoi 1ai xe. Céac 1énh
nay sé& tac dong toi hé thong 1ai nhu ban dap, ly
hop, hop s6 va hé thong phanh dé xe di chuyén
theo dung quy dao mong muon. Bén canh do,
cac diéu kién vé moi trudng l4i xe nhu dia hinh
ctia duong (d6 dbc va do nghiéng) va luc gio
cling c6 nhiing anh hudng td1 hoat dong cua xe.
Tat ca nhitng yéu t6 nay s& duoc sir dung trong
mé hinh dé tinh to4n muc tiéu thu cia xe dugc
dé cap & cac phan tiép theo.

2. MO HINH TiNH TOAN MUC PQ TIEU
THU NHIEN LIEU CHO XE

2.1. Cac di€u kién vé moi trwong

Khi mot chiée xe di chuyén doc theo
mot quy dao cho trude thi cac didu kién vé moi
truong xung quanh xe thay do6i rat nhiéu. Sy
thay doi nay bao gdm dia hinh cta duong, sirc
gi6 va diéu kién nhiét do dic biét 1a trong moi
truong 1ai xe that. Néu tat ca cac diéu kién nay
duoc thu thap vdéi do chinh xac cao, ching ¢
thé duoc dung trong cac hé thong thong minh
dé tinh toan giam luong tiéu thu cho xe. Tuy
nhién, trong thuc té diéu nay kho cé thé xay
ra boi vi dir li€u cia ching thuong khong du
cho su hoat dong theo thoi gian thuc cua mot
hé thong diéu khién thong minh & trén xe. Dé
xem xét vai tro cta cac diéu kién vé méi trudng

trong md phong va md hinh hoa hé thong xe,
s& rat 1y tuong néu cac dit lidu thyc ctia moi
truong duoc két hop trong viéc xay dung mo
hinh. Tuy nhién, cac dir li¢u nay hién nay chua
san c6 va cac dit liéu hién hiru khong du cho
viéc nghién ctru chuyén sau.

Dé giai quyét van dé trén, dir liéu 4o
voi cac dic tinh vé théng ké dya trén cac diéu
kién moi truong that s€ dugce tao ra dé phuc vu
cho viéc mo hinh hoa. Viéc st dung dir li€u 4o
trong cac mo hinh huan luyén dugc xem 13 Gmg
dung phat trién trong cong nghé xe ty hanh, boi
vi n6 cho phép xdy dung cac thuat diéu khién
nhanh vé1 chi phi hop 1y dua trén thuét toan
hoc chuyén sau [2]. Cac mo hinh khéc nhau thi
duogc str dung dé tao ra cac dit liéu nhan tao vé
tuyén duodng, sy anh hudng cua strc gid va hé
théng diéu hoa trén xe. Céc dit liéu nay s€ duoc
st dung cho qua trinh xay dung m6 hinh va mo
phong murc do ti€u thu nhién li€u cua xe.

a) Mo phéng dia hinh ciia tuyén dwong

Dir lidu vé dia hinh tuyén duong dong
mot vai tro quan trong trong mé phong. Trong
bai bdo nay, mdt md hinh dugc phat trién boi
Khayyam [3] duoc str dung dé tao ra dia hinh
cla tuyén duong cao tdc tiém can voi thuc té
bang viéc sir dung mot tap hop cac phan bd
xéac suit. Trong mo hinh, mot tuyén dudng cao
tde s& duge xay dung tir viéc tdp hop cac doan
duong. S6 lugng cac doan dudng duoc ldy mau
mot cach ngau nhién duya trén thuat toan phan
bd Poisson. Trong khi d6, chidu dai ciia mdi
doan duong ciing dugc ldy mau mot cach ngau
nhién dya trén thuat toan phan bo x4c suit theo
cAp s nhan. Ngoai ra, hinh dang cua mdi doan
duong dugc tao ra bdi viéc su dung hai con )
ngiu nhién. Sy thay d6i vé d6 doc va do cong
ctia ting doan 1an lugt duoc 1dy ngau nhién dua

trén hai thuat toan Rayleigh va Gaussian. Hinh &
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1 va hinh 2, thé hién do dbc cta toan bd khung
duong dai 16.5km dugc su dung cho viéc mo
phong trong bai bao nay.
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Hinh 1. Dia hinh ba chiéu cua khung duong duoc
xdy dung mo hinh ngau nhién.
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Hinh 2. P déc ciia diong.
b) M6 hinh gio

Gi6 1a mot nhan t6 moi trudng khac co
anh hudng truc tiép to1 su hoat dong cua xe.
Gi6 s& thay d6i rt nhiéu theo khi twong hoc ca
vé toc do va hudng gid. Mot vai nghién ctru da
duoc thuc hién dé phan tich tde do gi6. Trong
bai bao nay phan bd Weibull dya trén mé hinh
[3], dugc dung dé mo ta su thay doi cua gio
& mot dia hinh cu thé. Trudc tién, d6 dai ctua
timg doan dudng co gid duoc iy ngau nhién
dua trén thuét toan phan phdi theo cap 50 nhan.
Thuat toan nay sé& tao nhimng gia tri vé hudng
cling nhu téc do cua gid cho timg doan dudng.
Tdc d6 gié nhu 1a mot gia tri vé bién do duoc
tao ra boi mot ham mat do phan bd Weibull.
Cung voi d6, mot thuat toan phan bd xac suat
dong bo duoc dung dé tao ra hudng gié & mdi
ving mot cach ngau nhién. Két hop diéu nay
voi toe do gi6, mot hudng cua gid s€ dugc tao
ra d6i voi mdi bude thoi gian trong mé hinh.
Hinh 3 va 4 1an lugt mo ta toc d6 va hudng gid
duoc str dung cho viéc mo phong tinh todn cua
bai bao nay.
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Hinh 3. Téc dé gio duwoc tao ra boi mo hinh dwoc
mo ta trong [3].
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Hinh 4. Huong gio dwoc tao ra boi mo hinh trong [3].
2.2. M6 hinh hanh vi ngwoi lai xe

Dé c6 thé xay dung mo hinh tinh todn
nhu ciu vé ngudn ning luong tiéu thu cho xe
thi tbc do cta xe & mdi mot thoi diém trong sudt
hanh trinh xe di chuyén can dugc biét trude.
Diéu nay boi vi rat nhiéu cac yéu té trong mo
hinh tinh todan nhu la ma sat gitra banh xe véi
mit duong, luc kéo tac dung 1én xe tir gié déu
phu thudc vao téc do cua xe. Pé xac dinh toc
d6 clia xe trén toan bo hanh trinh xe di chuyén
thi mot moé hinh chu trinh lai xe dugc st dung.
Chu trinh 141 xe thuong dugc tao ra dé danh
gia su hoat dong cua xe dya trén co sé tinh
toan nhu muc ti€u thy nang lugng hay luong
khi thai. Ngoai ra, chiing con ¢6 thé dugc dung
trong mo phong dong luc hoc ctia xe. Trong cac
nghién ctru dé xay dung mé hinh, mé hinh hanh
vinguoi lai xe thuong dugce xay dung theo cach
xac dinh mot ham tdc do theo thoi gian trong
sudt qua trinh xe di chuyén. Cac chu trinh cia
xe c6 thé chia thanh hai loai: trong thanh phd
va trén cao toc. Khi xe di chuyén trong khu vuc
thanh thi, xe can phai ting toc hay giam toc do
mot cach thudng xuyén hodc chuyén sang ché
d6 cho 1y tuong dé phu hop véi diéu kién giao
thong. Dudi nhimng diéu kién 1ai xe nay, dong
chay ning luong c6 thé dugce diéu chinh mot
cach hiéu qua voi mot hé thong 1ai linh hoat.
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Céc thuat toan diéu khién co thé duoc ap dung
dé thuc hién van dé nay. Vi du, luong nhién
liu bi mat mat c6 thé dugc luu trir bang viéc
tat dong co khi téc d6 di chuyén xe thap hodc ¢
ché d6 dung 1y twong. Ngoai ra, mot hé thong
phanh tai tao nang lugng co thé duoc st dung.
Hé théng nay chuyén doi ning luong dong,
nhi¢t va lyc quéan tinh dugc tao ra khi phanh
thanh ning lugng dién duoc luu trir trong ac
quy hoic pin. Trong khi d6, viéc xe di chuyén
trén duong cao tbe dé dat dugc hiéu suét vé
nang lugng thi thuong kho hon. Chinh vi vay,
chu trinh 14i xe trén cao toc s& dugc chon dé thé
hién toc do cua xe & cac thoi diém khac nhau.
Hinh 5, thé hién mot chu trinh l4i xe trén cao toc
phd bién duge st dung trong mé hinh tinh toan
trong bai bao nay. Chu trinh nay duoc lay tir
chu trinh 1ai dé thtr tinh hiéu qua trong viéc st
dung niang luong cta xe trén cao toc (HWFET).
HWFET mb ta su két hop cua viéc 1ai xe trén
dudng cao toc ndng thon va lién bang trén cac
phuong tién da khoi dong, dién hinh cho nhiing
chuyén di dai hon trong tinh trang giao thong tur
do.

a0
e[s]

Hinh 5. Chu trinh ldi xe tiéu chuan (HWFET)
2.3. Mo hinh xe

MO hinh tinh toén lugng nhién liéu tiéu
thu s€ duogc tinh toan dua trén mdt md hinh
xe s dung dong co d6t trong. Nang luong
s& truyén tir dong co toi banh xe thong qua
hé théng truyén dong (ly hop, hop sb, vi sai).
Khong phéi toan b nang luong duoc sinh ra
bo1 dong co s€ dugc truyén téi banh xe. Sy that
thoat nang lugng trong qué trinh nay co thé ké
dén cac yéu to vé sy mat mat vé nhiét, hiéu suat
vé co khi. Bong co duoc sir dung trén xe nay 1a

dong co danh Itra sir dung nhién li¢u xang [4].
Hinh 6 m6 td mot so dd hé théng dong luc hoc
dong co xang. So do chi ra rang, dong khi s&
chay vao dng nap tir buém ga. Tai day, khi s&
dugc tron voi nhién liéu tr kim phun theo mot
t§/ 1¢ mong muén trude khi duoc di téi xi-lanh.
Ap luc trong xi-lanh s€ tdng 1én do su dot chay
hén hop. Két qua 14 tao ra mo-men xoan trén
truc cua dong co.

Hinh 6. Céu tao hé théng dong luc cua dong co
danh lia cuong burc.

Theo [5], phuong trinh toan thé hién ty
1¢ khéi lwong ciia khong khi di vao duong ong
nap dugc xac dinh theo cong thirc sau:

= MAX.TC.PRI (1)

Miprotele

Trong d6, MAX luu lugng t6i da qua
budm ga, TC tinh d&én anh hlrong cua goc ga
va PRI ké dén anh huong ctia ty sd ap suét trén
budm ga. Ap dung dinh luat khi 1y tuong, dong
luc hoc dudong 6ng nap c6 thé duoc tinh nhu
sau:

P Mmanifold-B.T (mthrottle_mcyl)-R-T (2)
= =
Vi Vi
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Trong d6, R 1 hang s6 khi dbi voi khong
khi, T 1a nhiét d6 nap, v, 1a thé tich duong 6ng
nap, m la luu lugng khong khi di vao xi-lanh.
Thong so luu lwong nay co thé duge tinh toan
nhu sau:

. 1 P,
Meyt = — Vaisp-Mvor- @rce- 5 (3)
4 R.T

Trong do, V, la thé tich cua dong co,
. 12 hiéu sut thé tlch dong co, P_ la ap suat

Va wlCE 1a téc do quay dong co. Mo -men x0dn

trén truc dong co dugc tinh theo cong thuc sau
[5]:

Cr.Thcy 1 AF1(A).SPI(8)
Tice = - 4

Trong d6, C, = 498636 [5] la hiang 6
mo-men xodn, AFI(A) 1a ham so cua ty 1€ khong
khi va nhién li¢u, SPI(d) 1a anh hudng cua thoi
gian danh ltra 1én mo6-men xodn. AFI(A) c6 thé
duogc tinh toan theo cong thure sau.

AFI(A) = cos(7.3834(A/F) - 13.5  (5)

Trong do, A/F 1a ty 1¢ khong khi va
nhién liéu.

Thé phuong trinh (3) vao (4), ching ta
c6 md-men xoan cua dong co dugc tinh toan
nhu sau:

Cp.AFI(A).SPI(8). Vdisp -Pm-vol (6)
4w .R.T

TicE —

bac tinh cta dong co dot trong co thé
duge mo hinh hoéa dudi dang ban do tinh phi
tuyén lién quan dén muc tiéu thu khdi lugng
cua dong co, Ihfuel nhién liéu, téc do cua dong
€O, Oy va mo-men cua dong co 1,... Ml ti€u
thu khoi luwgng nhién li¢u cua dong co duoc
tinh nhu sau:

: TICEWICE
m = 7
fuel (qcomb)-ﬂmech-neng ™
Trong do, q__, 1a ndng luong dot chay,

N,ee, 18 hi€u suit co kh1 vamn, ene 13 hiéu suat cua
dong co. Hiéu suat co khi 1 phan trim ning
luong ma dong co thai ra sau khi trir di nhiing
t6n that co khi nhu ma sat, so voi lugng ning
luong ma dong co tao ra ma khong bi ton that
cong suit va né khong ddi trong qua trinh hoat
dong ciia dong co. Hiéu suit co khi Moo, = 09
[90]. Do gidi han nhiét dong ctia dong co, hi¢u
suit cao nhat ciia dong co c6 thé dat duoc 1a
34%.

3. MO HINH TiNH MUC PO TIEU THU
NANG LUQNG CUA XE

Dé xay dung mot thuat toan diéu khién
phii hop v6i muc dich ting hiéu suét cia xe,
chung ta cin phai xdy dung duoc md hinh
tinh toan nang lugng cua xe trong qua trinh di
chuyén. Nhitng yéu t6 quan trong bao gdm cac
didu kién vé moi truong, hanh vi nguoi lai va
cac thong sb k¥ thuat clia xe can dugc xem xét
dén trong toan b qua trinh xe di chuyén. Pé c6
thé ning cao hiéu suat lam viéc dé tir d6 giam
thiéu luong nhién li€u ti€u thu thi mo hinh tinh
toan ndy can dam bao d6 chinh xac. Bé dap
g yéu ciu ndy, cic mo hinh vé nhu cau ning
luong trén duong cua phuong tién, hinh dang
duong, diéu kién gid, hanh vi cua nguoi 1ai va
mod hinh cua phuong ti¢én da dugc xay dung
nhu & trén. Toc do cua xe duoe xac dinh trude
1 chu trinh 14i xe tiéu chuan tai thoi diém t nhét
dinh, duoc str dung dé wéc tinh nhu cau vé ning
lwong di chuyén ciia xe nhu sau:

Pppp = Fr. v + Py, 3

Trong do, F 1a tong luc kéo tac dung 1én
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xe d€ thang dugc luc can tac dung 1én xe, P
nhu cau vé nang lugng cua di¢u hoa.

Nhu minh hoa trén hinh 7, xe di trén
duong nam ngang bang phang, c6 d6 doc thang
dung voi mot goc duoc biéu thi bang goc dbc
cia duong. Tong dong luc c6 thé duoc tinh
toan nhu sau:

Fo=Fy+F;+FE+ m% = ¢,mgcosf
+ cd.%p(vw + v.)?. A(9) + mgsiné + m% 9)

Trong do, F  1a luc ma sat trén duong,
F, la ll_IC‘ kéo, Fg la thénh‘ phan c1:1a trong luc
theo chiéu nguoc véi chiéu chuyén dong cua
xe, m 1a khoi luong xe, 6 1a do dbc cua duong,
c lah¢ sb ma sat trén du(‘mg, v, la tde do cua
xe tai thoi diém t: ¢, lah¢ so cém,’ p la mat do
khong khi, v 1a toc do gio tuyet doi, va A(¢) l1a
dién tich mit cit ngang.

Néng lugng tiéu thy boi diéu hoa P_
dugc tinh theo cong thuc sau:

dwac _ dT‘room
Pac :?_ Mcroom (10)

dt

Hinh 7. Cdc lyc tac dung 1én xe khi xe di chuyén
trén doan dwong doc.

Thay phuong trinh (9) va (10) vao (8),
ta duoc:

1
Pgrpp = c,mg cos 8 . v, + cd.Ep(vw +v.)2A(). v,

Mroom 4 my, 2 (11)

+mgsing.v, + MCrpom " "

Ty trong khdi lwong nhién lidu tiéu thy
cua xe dugc tinh nhu sau:

. _ Prpp
mfue! — (12)

Gcom Mmech-Neng

Tu do, téng luong nhién liéu cho toan
bd qué trinh xe di chuyén s& duogc tinh theo
cong thuec:

t .
mfue! - fo mfue.!dt (13)
4. MO PHONG VA KET QUA

Sau khi toan b¢ dit liéu vé diéu kién moi
trrong 1ai xe, hanh vi nguoi 1ai va cac thong
) k¥ thuat ctia xe dugc thu thap. Toan by qua
trinh tinh toan lugng nhién li¢u tiéu thu cua xe
dugc moé phong trong phan mém Matlab. Két
qua mo phong cho thiy lwong nhién ligu tiéu
thu cta xe dugc tinh toan cho quang duong
xe di chuyén trong vong 766s tuong tmg voi
quang dudng 16.5 km. Xe duoc di chuyén theo
chu trinh 14i xe tiéu chudn (HWFET). Nhu cau
vé ngudn ning luong cho xe trén toan bd quéa
trinh duoc thé hién trén hinh 8. Dya trén nhu
ciu vé ngudn ning lugng nay, ching ta s& tinh
toan va quy doi dugc tong luong tiéu thy trén
xe cho toan bg qua trinh 1a 7.21/100km. Thong
s6 vé ngudn nhién liéu tiéu thu ctia xe nay s&
1a co so dé xay dung ciing nhu danh gia chét
lugng cua cac bo diéu khién duoc ung dung dé
giam muc do ti€u thy nhién li¢u trén xe.
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Hinh 8. Nhu cdu vé nguon néang lirong trén xe
5. KET LUAN

Mtrc d6 tiéu thu nang luong cua xe la
mot trong nhimng thong sé quan trong dé lam
co so thiét ké va danh gia chat lugng cta cac
b6 diéu khién xe. Bai bao dé xuit mot mo hinh
tinh lugng nhién liu tiéu thu cia mot xe 6 t6
ty hanh dung dong co dbt trong. M6 hinh tinh
s& dé cap toi cac thong sb co anh huong den
muc do tiéu thu nhién liéu cia xe bao gom.
hanh vi cia nguoi 14i, diéu kién moi truong va
cac thong s6 k¥ thuat ciia xe. Két qua cho thy
rang, v6i mo hinh tinh da xay dung thi mic do
tiéu thu nhién li€u cho xe 1a 7.21/100km. Hudng
phat trién tiép theo s& thuc hién xay dung cac
b diéu khién thong minh nham myc dich giam
thiéu lwong nhién liéu nay. %

Ngay nhan bai: 18/02/2024
Ngay phan bi¢n: 28/3/2024

Tai liéu tham khdo:

[1]. Cheah, L., et al., Factor of two: Halving the
fuel consumption of new US automobiles by
2035. In Reducing climate impacts in the
transportation sector, 2008, Springer. p. 49-71.

[2]. Gale, T., S. Eliuk, and C. Upright, High-
Performance Data Loading and Augmentation
for Deep Neural Network Training. GPU
Technology Conference 2017, 2017.

[3]. Khayyam, H., Stochastic models of road
geometry and wind condition for vehicle
energy management and control. 1EEE
Transactions on Vehicular Technology, 2013.
62(1): p. 61-68.

[4]. Engine, J.B.H.I.C., Fundamentals. Newyork,
USA, 1988.

[5]. Cho, D. and J.K. Hedrick, Automotive
powertrain modeling for control. Journal of
Dynamic systems, Measurement, and Control,
1989. 111(4): p. 568-576.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
238 TAP CHI CO KHI VIET NAM, S6 314, thang 4 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



