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THIET KE MO HINH CABIN TAP LAI XE O TO:
PHAN THUAT TOAN VA LAP TRINH
DESIGNING A VEHICLE DRIVING SIMULATOR:

ALGORITHM AND PROGRAMMING
Nguyén B4 Hai', Phan Ngoc Trung >
Truong Dai hoc Su pham Ky thudt Tp. HCM!
Céng ty City Ford’
TOM TAT

Bai bdo nay trinh thudt toan PID diéu khién déng co tdi tao cam gidc ldi cho cabin tdp ldi va
thiét ké mé hinh 3D mé phéng méi truong do trong cabin. Diém méi cia dé tai nay la qud
trinh xdy dung phan mém 3D véi cdc théng tin mé phong méi truong thit nhwe ém thanh,
chuyén déng ciia xe, va cham, va thudt todn két noi 3D véi thiét bi ngoai vi. Nghién ciru nay
da duoc kiém tra két qua thong qua thuc nghiém. Viéc ché tao thanh cong cabin dién twr tai
Viét Nam sé dap ung nhu cau vé thiét bi phuc vu dao tao lai xe thay thé cho cdc xe 6 t6 that
nham tiét kiém nhién liéu, giam chi phi ddo tao va 6 nhiém méi truong va c¢é mét san pham
gid thanh thdp, phit hop véi diéu kién Viét Nam dé thay thé cho cdc san pham cimg loai ngoai
nhdp.

ABSTRACT

This paper presents a PID controller for artificially producing steering feel in driving
simulators and designs simulators’ 3D simulation of virtual environment. The novel
contributions of this research are the 3D environments including sounds, movement of cars,
collision detections and algorithm for connecting 3D environment to peripheral equipments.
This research has been tested with experimental results. When the 3D driving simulator is
produced in Vietnam it offers a low-cost solution to driving training, reduction of fuel and the
possibility of replacement of imported products.

Twr khoa: M6 hinh, tap lai xe, cabin, 6t6, dao tao lai xe, labview, giao tiép, 3d, m6 phong,
haptics, dién tur.

- Chu dong trong thiét ké méi truong tap lai,
c6 thé mo rong thanh tap lai 6 to tai, xe
tang, tap lai trén nui, doi, vv.

Gi6i thigu

Dé tai nay thiét ké mo phong 3D, xay dung
thuat toan PID diéu khién dong co, xay

dung thuit todn tai tao cam gidc lai tir vo
lang, xay dung thuat toan két ndi 3D véi
thiét bi ngoai vi. Khi d& tai thanh cong né
sé:

- Gop phén ting cudng chét lugng dao tao
tap 1ai 0 t6 cho cac trung tam day lai xe.

- Giam gia thanh san phdm mé hinh tap lai
Xe.

- C6 thé trang bi cho cac dai ly 6 t6 nham
huéng dan thém cho khich hang thim
quan showroom, khach mua xe.

Van dé cabin tap lai dd dugc nhidu nhom
nghién ciru trén thé gidi thyuc hién bao gom:

Mot mo phong 14i Hydrid véi nhitng nghién
ctru vé dong luc hoc chuyén dong lai va dir
litu chuyén dong lai cia ba gido su
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Moohyun Cha, Jeongsam Yang and
Soonhung Han véi tinh ndng mo6 phdng lai
xe,tai  taocam  gidc chuyén dong trong

mot moi  trudng thuc té 4o, cac hoat
dong nghién ctru khac nhau dang cb ging dé
tang cuong hién thyc.

Gan day, cacnghién ctrudd tdp trung
vao mOt phuong phap dir li€u lai cua tao
chuyén dong, phuong phap nay thi dwoc ghi
lai chuyén dong cua ddi tuong thuc va tai
tao chung lai trong hé thong mé phong.
Bang cach cung cap mot mo phong véi cac
dir liéu chuyén dong thuc té, phuong phap
nayco thé dé dang dam bao tinh hién thyc
ma khong c6 mé hinh dong luc hoc phuc tap
va giai quyét phuong trinh. Cac dit
ligu 1ai thu dugc tir mot chiéc xe thuc thi
dugc dua vao mot khéi chuyén dong voi
mot mo hinh dong luc hoc, cac khdi sau do6
duogc luu tritrtrong co so& di liéu
va dugc tong hop mot 1an nita v6i dong luc
hoc dua chuyén dong. Mot cam gidc thuc té
hon ctia chuyén dong c6 thé duoc tao ra boi
trang thai thong sé mo phong hién hanh va
yéu cau ngudi st dung.

Mot tai liéu khao sat, trang thadi mo phong
lai cua Slob, J.J. (Jelmer) Slob, ctua truong
dai hoc cong nghé Eindhoven, khoa co khi,
trung tim cong nghé diéu khién hé théng
v6i tinh ning c6 duogc cai nhin sau sdc cac
moé phong lai xe hién nay, trong d& tai nay
md phong mo to, xe dap va xe Iua khong
duoc xem xét. M6 phong lai xe c6 mot loat
cac ung dung khac nhau nhu: mé phong lai
xe tai truong 1ai xe, nghién ctru tam 1y, cong
vién vui choi giai tri, nha san xuét xe hoi.

Thiét ké dir liéu hién thi cho md phong lai
cua thac sy Nariman Fouladinejad ctuia khoa
co khi cua truong dai hoc Teknologi
Malaysia [01]. Nghién ctou nay tap trung

vao su phat trién cia mot co s¢ dir 1i€u hién

thi cho mot thoi gian thuc md phdng lai
dugc tich hop véi cac thanh phan mo phong
khac nhu mé hinh dong luc hoc chiéc xe. Su
tich hop cua co so dir liéu hién thi véi
nhimng yéu t6 mo phong khac thi hiru dung
cho cac pham vi rong céc thi nghiém va diéu
tra lién quan dén mo phong xe. Dé dat duoc
mot mdé phong chinh xac, moi truong do
dugc xay dung twong ty nhu thé gidi
thuc.Trong du 4n nay, chét luong dd hoa va
tdc dd duoc tdi wu hoa br:ing cach st dung
cac k¥ thuat khac nhau dé tang hién thyuc va

do trung thuc cua mo phong.

2. Nhirng khé khan ky thuat chwa giai

quyét dwoc trong cabin tap lai

Cac dé tai thuc hién trong nudc hién tai

chua giai quyét triét dé bai toan tr mo

phong 3D dén chu dong thiét ké phan cung
va giao tiép may tinh nhu:

- Tai tao cam giac l1ai cho mo hinh cabin
v6i mot chi phi thap.

- Lam giao dién 3D cho xe va cho khung
canh xung quanh & noi tap lai xe theo
ding sa hinh cta Viét Nam.

- Chua chu dong vé phan cing dé két ndi
gitta m6 hinh 3D mé phong va thiét bi
ngoai vi.

Dé dap ung nghién ctru va giai quyét nhimg

kho khan nay thi s& dugc trinh bay & trong

dé tai nay.

3. Phan tich va lwa chon thuit toan tai tao
cam giac lai cho vo lang trong cabin

3.1 Tong quan vé phwong phap do dwa
trén cwong d§ dong dién

Cabin dién tr ¢6 thé xem nhu md hé théng
14i khong truc 1ai c6 co cau lai va banh xe

(RW) dugc mod phong 4o. Cé nhiéu cach
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tinh cam giac 1ai cho cabin dién tir, phan nay
trinh bay cach tinh cam gidc lai trong hé
théng 1ai khong truc 1ai dua trén phuong
phap do dong dién truc tiép cia tic gia
Nguyén Ba Hai va Jee-Hwan Ryu [07].
Trong d6 nhom tac gia d& xuit sir dung cam
bién dong dé udc luong thong tin trén
duong, ma la tuong ty nhu khi do mé-men
x04n.

Tin hi€u cuong d) tai motor quay thudc lai
ndi voi hai banh xe chira cac thudc tinh 16p
xe, tinh trang dudng, mdé men goc dat banh
xe va dong luc hoc cua xe.

Ngoai ra, cac dic tinh nay chi phdi cam giac
14i trong hé théng lai thong thuong. Do do,
dua trén tin hiéu cam bién dong dé tai hién
cam giac lai cho nguoi 14i xe. Trong nghién
ciru nay, diéu khién tro luc 1ai duogc phat
trién dé duy tri loi ich cua trg luc 1ai.

Mot dong co DC co ciu lai din dong céc
banh xe, tin hi€u cuong d6 dong dién ty 1€
v6i tin hi€u cuong do dong tai vo lang la
nhu nhau.

May mén thay, di véi mot nam cham vinh
cuu hodc su chuyén huong cia dong co dién
DC, cuong d¢ dong dién cua motor dién
tang tuyén tinh véi tii mo- men nhu trong

phuong trinh (1).
z-motor = Z‘Kt 77 (1)

r, . Mo-men xoan dau ra cia dong co

motor

dién DC.

i.: Cuong do dong dién cua dong co.

K,: Hé s6 md-men cua dong co dién.
n: Hi¢u suat dong co dién dong co.

- Trong phuong trinh (1), gié tri cua tin hi¢u
dong dién phu thudc vao tai trong ap dung
(hoic mé-men xodn) trén truc dong co
dién.

- Mé-men x04n nay c6 chira cac thudc tinh
cua tinh trang dudng, mo men cua goéc dat
banh xe, va dong luc cta hé théng lai.

- Ngoai ra, cic dic tinh nay chi phdi cam
giac lai trong cac hé théng lai thuy luc
hoac dién tir.

Chung t6i dé xuat mot chuong trinh trong

hinh 3.1 dé do cuong do dong di¢n tai dong

co co cau lai.

- Trong phuong phap do luong dugc dé
xuét, mot bd cam bién dong duoc két ndi
dé do tin cuong do dong dién tai dong co
DC co cdu 1ai va vé lang.

- Pétaora thong tin phan hdi thuc té, tbe do
xe va goc quay vo ling duoc st dung dé
tao thong tin phan hoi luc tac dung.

- Pé 1am cho v6 ling quay 6n dinh va dé&
dang duoc kiém soat, mot thuat toan diéu
khién vé vi tri tri chuyén dong cua vo ling
khi budng tay dugc phat trién dua trén cac
gbc quay vo lang.

K
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khién -
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Hinh 3.1: SBW la m{t teleoperator voi hai
cong Chii/Né Lé
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TCr vi tri didu khién

B6 khuyéch dai

BN Cambién dong

péndong co DC
co cau lai

Hinh 3.2: So d6 két néi ciia cam bién dong

3.2 Thuéat toan PID

—@—

Sensor

Hinh 3.3: So dd diéu khién thuit toan
PID

Ta khao sat bo PID lam viéc thé nao trong

hé kin c6 so dd khdi nhu trén.

- Bién e 1a thanh phan sai 1éch, 1a hiéu giira
gia tri tin hiéu vao mong mubn va tin hiéu
ra thuc té.

- Tin hiéu sai I¢ch (e) s& dua t61 bo PID, va
bo diéu khién tinh toan ca thanh phan tich
phan 13an vi phan cua (e). Tin hiéu ra (u)

cua bo diéu khién bang cong thure sau:

Ut)=K,e+K,[e(T)dt + K, % @
0

Trong do

KP : Hé $6 ti 1€, Ki : hé sb tich phan,
Kd : hé s6 vi phan, e : Sai s6, t: thoi
gian tuc thoi
- Thanh phan ti 1& (Kp) c6 tac dung lam
tang tbc d6 dap ng cua hé, va lam giam,
chur khong triét tiéu sai sb xé4c 1ap ctua hé
- Thanh phan tich phan (Ki) c6 tac dung
triét tiéu sai sd xac 1ap nhung cé thé 1am
giam tdc do dap ung cua hé.
- Thanh phan vi phan (Kd) 1am ting d6 6n
dinh hé théng, giam do vot 16 va cai thién

téc d6 dap tmg cua hé.

“ “ “- D¢ tao ra lyc c6 cam giac 1ai trén vo lang,

ching ta ding thuat toan PID dé giai quyét

3.3 Thuat toan tai tao cam giac tir vo lang
Cam giac vo lang la lyc tao ra bdi vo lang

tac dung lén tay nguoi 1ai nhu hinh 3.3.

K

Hinh 3.3: Cam gidc ldi khi lai xe

M&i dang Cabin dién tor diéu c6 dang
chuyén dong, cung véi kich ban chuong
trinh mé phong va diéu khién 14i cua ngudi
diéu khién tit ca diéu nay lam co s dau vao
dé tao nén phuong trinh chuyén dong.

Dé tai nay st dung mot phuong phap don
gian hon dé tai tao cam giac lai cho vo lang.
Phuong phap nay da dugc cong ty Huyndai
ung dung nhiing nam 2003. Theo phuong

phéap nay thi cam giac 1ai s€ dugc tao ra nho
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hai thong s6 1a goc 14i vo lang va van toc xe

xem hinh 3.4.

Bfchép hinh
Vanh tay lai

Tham chiéu
Biéu do Mé-men

Diéu khién

Cambién LLre /Mé-men

Gac quay vo ling

Van toc xe

(Nhitmg dn vao kliic)

Hinh 3.4: So dé diéu khién ciia biéu dé
mo-men
Dua vao cong thuc cua tac gia Oh [05], dua
trén hai tin hiéu van tdc va goc quay vo ling
dé giai quyét bai toan tao ra lyc thong qua

1ap trinh trong LabVIEW.

3.4 Thiét ké mo hinh 3D

Trude hét chung ta can xay dung kich ban
cAn tai tao cam giac lai ma phuc vu dao tao
14i xe. Do vay chung ta can phai thu thap dir
li¢u trong moi truong lai xe nhu moi truong
sat hoach l4i xe, méi trudng dudng cao tdc.
Sau khi thap ching ta phai thiét ké 3D lam
co sO dir ligu cho vi¢e xay kich ban. Viéc
Iira chon cac phan mém thiét ké 3D rit quan
trong sao cho chiing twong tic 1an nhau. D&
tai nay str dung cac cong cu thiét ké 3D nhu
Solidworks, 3D Max studio, v.v. Giao dién

duoc thiét ké nhu hinh 4.3.

3.5 Thuat toan két ndi 3D véi thiét bi
ngoai vi

Ttr hinh 3.5 chiing ta ¢ cai nhin tong quan
ctia toan hé thong cabin dién tir va nhiing tin
hi€u nhu chan gas va chan phanh, phuong
trinh dong luc hoc cua cabin (dong luc hoc
hé thong 1ai khong truc 1ai), co so thiét ké
dit ligu 3D la tin hi¢u dau vao dé LabVIEW
xtr 1y va xuat tin hiéu dén man hinh va théng
tin phan hoéi dé tao cam giac lai bang cach
diéu khién lyc mot dong co DC gén véi vo
lang cua cabin. Chan phanh va chan ga duogc
két ndi v6i mo hinh 3D thong qua card giao

tiép may tinh Hocdelam USB 9090.

Thu thap div LabVIEW
liéu 3D
Xay dwng
Pﬁ kich ban
File.
Lap ké hoach EXE
thiét ké 3D
g
r
Phan mém thiét
ké 3D
\ e/

Hinh 3.5 So do tong quan tgo méi truong
3D

Trong giao dién lap trinh hinh 3.6, ching t61
da su dung cong thue 30 va 31 cua tac gia
Oh dé tao cam giac 14i, dya trén hai tin hiéu
van tdc cua xe va goc quay vo ling.
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“ #

L g e B,

Hinh 3.6 : Mt phin chwong trinh ciia
cabin dié¢n tir trong moi truwong LabVIEW

Duya vao thuat toan PID dé 1ap trinh, thong
s6 Kp duge diéu chinh dé phu hop véi cam
giac nguoi dung. Trong giao dién hinh 4.2
duogc 1ap trinh véi cac chlic nang xe chay
tdi, quay trai, quay phai va lui.

4. Két qua thuc nghiém

Két qua thuc nghiém xay dung thuat toan tai
tao cam giac lai, phuc vu dao tao lai xe
thong qua théng qua phan mém LabVIEW,
dwa trén tin hiéu tdc d6 cua xe va goc quay
clia vo ling dé tao cam giac lai. Viéc diéu
khién dong co dién mot chiéu dya trén thuat
toan PID. Dudi day 1a mo hinh thyc nghiém

lai xe

Hinh 4.1: M6 hinh thiét ké cabin dién tiv

Giao di¢n thyc nghiém téi tao cam giac lai
trén duong cao toc voi cac thong tin phan
héi nhu toc d§ cua xe, cac cam giac va

cham, am thanh ...

Hinh 4.2: Giao dién tdi tao cam gidc lai
trén xa lp cao toc.
M6 hinh m6 phong l4i xe trén dudng cao toc

thé hién cac thong tin nhu mit duong va ké
phan vach, cot den giao thong ,cay xanh va
moi trudng xung quanh voi xe, cadc chi thi
nhu tdc do dong co. Giao dién tai tao cam
giac trén mo hinh sat hoach 1ai xe nhu hinh
4.3.

Trong giao dién hinh 4.3 chung ta thay hinh
anh duogc phan vach 18 va dugc huéng dan

vach di cua tirng lan xe thi sat hoach.

Hinh 4.3: M6 hinh sat hoach ldi xe
Bang v€ dugc khdo sat va v€ lai tai trung

tam sat hoach lai xe cua cong ty cO6 phan

Séng Than & Binh Duong.
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5. Két luan va hwéng nghién ciru tiép theo
Qua dé tai xay dung thuat toan va tai tao

cam giac lai trong dao tao lai xe. Dya trén
cac kién thuc trang bi 6t6 cling nhu cac kién
thirc lién quan dén dé tai ma tac gia di hoan
thanh nhiém vy dé tai dé ra. Qua qua trinh
nghién ctru cach két ndi cua giita mo hinh
3D va thiét bi ngoai vi, tim hiéu thiét ké 3D
va thiét ké giao dién 3D, nghién ctru thuat
toan tai tao cam giac lai. Két qua dat dugc
va dong gop cua dé tai chu yéu goém:

- Thiét ké 3D ( trong mdi trudng 1ai trén
duong phd, dudng cao tdc, sa hinh sat
hanh 14i xe)

- Tao duogc chuyén dong cua xe va tai tao
cam giac lai. Piém méi, tinh thuc tién va
tinh méi clia dé tai la dé tai dau tien &
Viét Nam thuc hién thiét ké va san xuat
thr vdi 100% cong doan duge noi dia hoa.
San pham dy kién c6 tinh thuong mai hoa
cao. Phién ban phan mém c6 thé nang
cap. Thiét ké phan mém phu hop véi diéu
kién Viét Nam.

Mic di ¢6 nhiéu ¢ gang tuy nhién véi trinh

d6 va kinh phi ciing nhu thoi gian c6 nhidu

han ché nén dé tai c6 han ché nhit dinh.

Trong tuong lai tdc gia nghién ctu va hoan

thién cc phan sau:

- Nang cip phién bang phin mém 3D va
phat trién cac thiét bi ngoai vi dé day du
cac thong s6 tir moi truong nhu that hon
khi tai tao cam giac lai.

- Ung dung cong trinh tinh lyc cam giac cua

Tién s Nguyeén Bai Hai va Gido su Jee-

Hwan Ruy dya trén cam bién dong dién da
duogc cong bd trén IEEE dé c6 thé dau tu &
mirc chi phi thdp ma vAn dam bao tinh
ning tai tao cam giac lai t6t cho cabin
trong twong lai.Ung dung mo hinh tai cac

trung tam day lai xe.
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