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Tom t i t 

Trong xe 6 to, cu the la 6 to dien co nhiiu trang thai cin phai dagc aac lagng do khong thi do dagc trgc 
iiip cac thong tin nay. Van toe dai cua xe la mgt trong nhirng trang thai can phai aac lagng bai no phuc vu 
cho nhiiu bai toan diiu khiin chuyin dgng cung nha diiu khien ta lai xe 6 to. Dii vai 6 to dien, van tie dai 
can phai dagc aac lagng & mirc do du nhanh di tan dung dagc cac au thi cua dong ca di$n. Bai bao di 
xuit thuat toan aac lagng van tic dai xe 6 td dien tren ca sa cua phaang phap tSng hgp cam bien. Trong 
do, thuat toan chi su- dgng thong tin ta he thong cam biin gin tren xe 6 to ma khong sa dgng thong tin dong 
Igc hQC cua xe 6 to de aac lagng. Phaang phap di xuit dagc thgc nghiem tren xe 6 to dien va co danh gia 
kiem chimg do chinh xac bing each so sanh vai kk qua do cua mot he thong thu thap dir lieu thaang mgi. 
Cac kit qua cua bai bao co thi dagc img dgng cho cac nghien cau ve dieu khiin cung nha aac laang tham 
s6 khac cua xe 6 to dien. 

TCr khda: 0 td dien, Van toe, U'dc lipgng, Tong hgp cam bien 

Abstract 

State estimation is a crucial research field for control of electric vehicles (EVs) since there is information in a 
vehicle which cannot be measured directly. Longitudinal velocity of the vehicle is one of the most important 
information which Is needed for motion and autonomous control. To take full advantage of traction electric 
motor, the longitudinal velocity must be estimated at an appropriately fast frequency. In this paper we 
propose an optimal estimation of velocity of the EV based on multi-sensor data fusion. The estimator does 
not need any dynamic parameters but only information from sensor system that is equipped on the vehicle. 
The performance of the estimation algorithm is validated by experiment on a real electric vehicle and 
compared with a commercial data acquisition system. The results of the paper can be used for futher control 
purpose as well as estimation of other state of electric vehicles. 
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1. Md dau cao, do dugc ca tdc dd dai va tdc do ngang, hay san 
phdm ciia Vbox [2] sir dung GPS tdn sd cao cho tdc 

Tdc do dai hay van tdc ddi v, la dai lugng quan ^^ ^^p ^^^^ ^.^ ^^. ^QQ^^ ^dc san phdra nay cd do 

trpng ciia xe d td. Diing d gdc do ngudi ldi, tdc do dai chinh xac kha cao nhung chi phii hgp vdi cdc cdng 
dugc hien thi tten raat dong hd ciia bang dieu khien viec nghien cuu md khd frang bi tren xe d to thuong 
mang dnh thdng bao va quan sat, tir do, ngudi lai cd mai vi nhung ly do gid thanh qua cao va lap dat khd 
the diSu khien xe d tde do raong muon. Dung d gdc khan. 
dd dieu khien, tdc dd dai the hien tdm quan trong , ., , , ^ , ,. . ^a-
trong MC bai toan dilu khiSn chuyta dong doc tmc Them vao do, xe o to d,en la mot dot tocmg 
(cu thi va tmc tilp nhit ia c he th6ng dtiu khign hanh I w tmyen dong bm dong co dien. So vo-i o to dgng 
^- u\ • J-;" 11 •; ^ !•- A-- .*- J-- - 1- ' CO dot trong, dong ca dien la ca cau chap hanh co 
trmh) va dieu khien xe tu lai. Toe do dai con la co so ^y y^ ' 6̂  • ;^ , , , ,• ^, . . , , , ; , 
^! , *. , ,̂ X , ^ : . , , . 1," nhieu uu oiera ve thai gian tac done nhanh hon rat 
de xac dmh ti so truot A cua xe phuc vu cho cac he "^"r" " " ""^ ,p _ • & ^ 
,1,^ A',!.•'' , > ' • L u ADC. nhieu (co vai ms so voi hang fram ms cua dong ca 
thongdieukhien uckeo vaphanh ABS. . ; , ,,• - • u - • >• • t ^ ^ 

^ • V ^Qx frong). Vl vay, cac nghien cuu ve uac lugng frang 
Hien nay, mdt sd san phdm cho phep do tdc do thai cua xe d td dien eung phai dam bdo mirc do tinh 

ddi da cd mat tren thi trudng nhu sdn pham cua toan nhanh dd phu hgp vdi yeu cau dieu khien dgng 
Kistler [1] sii dung thidt bi laser cho do chinh xac ca. Thdng thudng, tin sd udc lugng phdi dam bdo d 

miic dd tdi thieu la tir lOOHz. 
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lap cniKjioahoi 

Hinh 1. Khai niem tdng bgp cdm bien 

Hien nay, cdc ngien cuu ve udc lugng van tdc 
dai dugc phan chia theo 2 hudng chinh sau: 

iTdc lugng van tdc dai tren co sd md hinh ddng 
luc hgc, ket hgp vdi cac thudt toan vd cdng cu quan 
sat, udc lugng khde nhau. Cac nghien cdu hien nay 
thudng tap trung vao cac ngi dung nhu: 

- iTng dung bd Igc Kahnan [3-5] va cdc bien 
ths nhu Extended Kalman [6], [7] va Unscented 
Kalman [8], [9] de udc lugng van tdc dai. 

Md huih ddng Iuc hoc ciia xe d td cd tinh phi 
tuyen rdt manh nen nhieu nghien cim su dung cac bd 
udc lugng/quan sat phi tuydn (nonlinear 
estimator/observer) de Iam cdng cu uac lugng [10-
12]. Sii dung rad hmh tuong tu vdi cac nghien ciiu 
nay, [13], [14] diing bg quan sat kieu trugt de dnh 
toan cdc he sd idiuech dai cua bp quan sdt. 

Cac ket qua nghien ciiu ndi fren dat dugc chat 
lugng khd tdt va chmh xdc nhung chi diing frong ragt 
bd tham sd thi nghiera dugc thuc hien, khi thay ddi 
cac thara sd ddng luc hpc ciia xe, do chinh xac ciia 
ket qua ciing thay ddi theo. Thera vao do, viec sir 
dung rad hinh dgng lire hgc rat phiic tap do rad hinh 
thudng cd kich thudc ldn. Dieu nay dan tdi yeu eau 
hieu nang tinh todn cao, phiic tap va khd trien khai. 

Uoc lugng van toe dai fren co sd rad hinh ddng 
hgc. Cac frang thai cua d td se dugc udc lugng thdng 
qua thdng tin cua cac cdm bien dugc frang bi fren xe 
d td va md hinh chuyen ddng dgng hpc cua xe. Viec 
udc lugng vdn tdc dai theo phuang an nay duoe thuc 
hien theo cac hudng gdm: 

- Xac dinh van tdc ddi bang tin hieu do tir cac 
cam bien tdc do bdnh xev-^ = oj^R,./. • Day la phuong 
phap CO ban va don gidn nhdt. Theo phucmg phdp 
nay, tdc do dai ciia xe dugc xdc dinh theo tdc do ciia 
banh xe quanh nhanh nhat hoac chara nhdt, tuy theo 
tfrng tmdng hgp cu the [15], [16], Tuy nhien, ca hai 
cdch nay deu gap sai sd ldn trong tradng hgp xe tang 
tdc tren dudng tron hoac phanh vdi luc phanh raanh 

Udc lugng tdc do dai bang each ket hop cani 
biSn tdc do quay bdnh xe va cara bien gia idc [' ~ 
Cara bien gia tdc cho thdng tin ve gia toe ciia xc :.': 
cdc hudng khac nhau vd khdng bi phu thugc vao tr^ ^ 
thai cua xe (tang tdc/phanh), Tuy nhien, de cd duo'. 
thdng tin van toe, can thuc hien phep tich phdn gid tri 
gia tdc cua xe. Tir dd, van tdc dai dugc xac dinh Id 

tdng hop cua van tdc banh xe 
gia tdc vdi cdc frgng sd tucm: 
nang gay frdi gia trj sau ti 
lugng trd nen raat hdi tu. P-
cdc frgng sd van can phai ngn 

Bi&=sy"'*» 

, « , vi& ffl' ^ ^ 
utheui. 

Bai bao mnh bay ra. ,- '0= '..-{^ng hop da 
van t6c dai tren co so phuong ihap 
li6u da cam biin" (Multi-sen=u Data 
l i , a n g h o p c ^ b i l n ) . _ P h u ™ g p h J » V J | ^ = | ^ ^ 

bien CO san tren xe o to ̂ "^f"'^^^"^ Q P S de Icit 
cam bien gia toe cung cam bien ,an « « ^ ^ 
hop vo, thuat toan tong hop du , -u nn ^_^ 
udc luong toe do dai mgt cac • ^ 
phuong phap duoc kidra chu. „- - . J u c nghiem 
iren xe d td dien i-MiEV do Mitsubishi san xuat. 
Ddng thai, cac dac linh diuc nghiem cung dugc danh 
gia do chinh xac bing each so sanh vdi ket qua friong 
duong cua mdt he thong do thuang mai DAS-3 do 
Kitsler cung cap. 

Cac phdn cdn lai cua bai b:5o dugc trinh bay nhu 
sau. Phdn 2 gidi thieu so luge vd phuang phap tdng 
hop cam bien vd cac dac tinh ciia he thdng cam bien 
fren xe d td. PhSn 3 xdy dung thudt toan phdi hgp cdc 
cam bien de udc Iugng tdc do dai. Md ta ve he thdng 
thuc nghiem cung nhu cac ket qua thuc nghiem dugc 
trinb bdy frong phan 4. Cudi cimg la ket luan dugc 
trinh bay d phan 5. 

2. Tong ho^ d& lieu da cam bien va dac diem he 
thdng 

Tdng hgp dil lieu da cdm bien [17], [18] la mot 
ky thuat phdi hgp dir lieu thu thap dugc tir nhieu cdm 
bien va cdc ngudn thdng tin hen quan de thu dugc cac 
suy luan chi tiet, ben viing va hoan chinh ve moi 
trudng hay ddi tugng quan tam rad dieu ndy rat khd 
hoac khdng the thuc hien dugc vdi chi mdt cdm bi€n 
dan le hoac ddc lap. Phuang phdp nay dua tten dii 
heu do dugc tir mgt he thdng cac cam bien, ket hgp 
vdi rad birth ddng hge cua ddi tugng (trong radt sd tdi 
lieu cdn ggi la mo hinh cdm bien) vd cdc cdng cu toan 
hgc nhu bg loc Kalman ciing cdc bidn the, bd Igc 
Bayesian, logic m mang no ron... de udc lugng ddi 
tuong nghien cira i- - ' r io ta mot he thdng tdng 
hgp cam bien img ti 

Thdng thuang. • j i^^ ^^ j^^j ^^^^ ^a 

ban gdm (1) tdng ht. , ngudn dii Heu cua 
nhieu cam bien do c^. .ng khac nhau vd (2) 
tdng hop tu cac ngudn u. , ,: ur cdc cam bidn do 

ma mdt doi tuong Bai b; ,, j *- „ 
".^ -'j. r-- • u ' ' ' "§ dang long 
• thu hai. Cac cam bien i ... ° , 

X , -Hrac su dung 
'"^en cuu nay gom b. 

1 bien nay cho 
1 he toa do Dc 

phep dat duoi 

, . , 3- r̂  ^'" î̂  tinh tien 
he toa do Dcb Cin 

"'' - bien gia 
» » - ±Ag, 
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±8g hoae ±16g . Tde do cdp nhat cua cac cdm bien 
nay Ien tdi 400kHz hoac IMHz, tiiy thugc vao chudn 
trayen thdng dugc frang bi tten cam bidn, Viec xdc 
dinh vdn toe cua ddi tugng bang cam bien gia tdc cd 
thd thuc hien biing phep tich phan true tidp. Tuy 
nhien, do cam bien ludn bi nhieu tac dgng va ddng 
thdi, qua ttinh lap dat ludn tdn tai sai sd ndn neu dung 
phep tich phdn true tiep sg gdy m sai s6 cgng ddn lam 
kSt qua ngiy cang sai. 

Dinh vi toan cdu - cam bien GPS. GPS eho 
phep do rat nhieu thdng tin chuydn ddng cua ddi 
tugng nhu tdc do, vi tti, dd cao so vgi muc nude 
bi6n... D |c diera eua GPS la cd tdc dd frich mdu rdt 
chara, thudng la l-5Hz. Tuy nhien, vdi ragt sd cdng 
nghe mdi, tdc do eiia GPS da dugc nang len 20Hz vgi 
do cliinh xac vi tri len tdi 2m va do chinh xac tdc do 
lentdiO,05ra/s. 

- Cam bien do toe dg quay cua banh xe. Cac 
cdm bien do tdc dd quay ciia bdnh xe dugc gan san 
fren xe i-MiEV cua Mitsubishi la loai cam bien tir vdi 
dd phan giai chi la 36 xung/vdng. Do do vdi dg phan 
giai thap nhu vdy, chu ky trich radu ciia phep do tdc 
dp banh xe dugc lira chgn la lOHz. 

Ca ba cara bien fren deu cd the dua lai thong tin 
ve tdc do ciia xe. Tuy nhien, do cac dac diem vdn cd 
cila chiing nhu nhieu, do phan gidi thdp, tdc dd cap 
nhat thdp nen can phai cd them cdc khdu tien xir ly de 
cd the dua vao thuat toan tong hgp thdng tin d tdc do 
cao (hon 200Hz nhu yeu cau). Toan bd cac cdng viec 
nay deu thugc nhiem vu ciia Itnh virc tdng hgp cdm 
bien. 

3. iTd'c lirgng t6c do dai xe d td 

3.1. Tong hgp toi iru du lieu tit cdc ngudn thong tin 
khacnhau 

Mot cdch tong quat, xet mdt hS thong gdm 3 cam 
bien, moi cam bien dam nhiem phep do cimg ragt ddi 
tirgng x. Cdc cam bien nay dugc gia thiet Id dgc lap, 
vdi cdc sai lech ciing dgc lap, khdng tuong quan, 
khdng chech (unbiased) vd cd dd ldn la v, vdi 
i = 1..3 . Yeu cau dat ra la: Thidt ke thudt todn tdng 
hop dir lieu tir 3 cam bien nay de xdy dung udc lugng 
tdi mi cua ddi tugng JC . 

Cdc phdp do cd thg dugc md ta theo phuang trinh 
sau: 

= J : - I -V | 

= x + v~ 
(!) 

trong do, z,,/ = 1..3 la cdc gid tri do ldy dugc tir cdc 

cam bien. 

Do khdng cdn thdng tin nao khde, chiing ta cd 
the xay dung udc lugng ciia x , ky hieu la i , la mgt 
ham tuydn tinh ciia cdc phep do nhu sau: 

X = k^Sf -\-k2Z2 +A3Z3 (2) 

trong do, ft,,/ = 1..3 la cdc frgng sd cd do ldn ti le vdi 

do tin cdy cua phep do tir cac cara bidn tuong irng. 

Tir dd, bdi toan vira neu tren chuyen thanh viec 

xac dinh cac he sd A, de xdy dung udc Iugng Idi tm 

ciia JC theo phuang trinh (2) 

Dinh nghia sai lech udc Iugng jc nhu sau: 

x-x-x (3) 

De cd dugc x la udc Iugng tdi uu ciia x thi can 
tdi thieu hda trung binh binh phucmg cua Jc mdt each 
tdi uu. Hon nGa, cdc gia tri k^ ciing edn phai dugc 
xac dinh vdi do ldn ddc lap vdi gid tn cua x. Dieu 
kien nay chi dam bdo khi udc lugng la khdng chech. 

£[jc] = £[^1 (x + v,) +/:, (x + V;) 

+k^(x + Vj)-x] = (} 
(4) 

vdi E ky hieu cho gia tri trung binh hay ky vgng cua 
ragt bidn ngdu nhien. Bi6n ddi phuang trinh (4) se 
dugc phuong trinh sau: 

E{x] = E\_(k,+k^+k^~\)x] 

+k^E[v^'\ + k^E[v.^'\ + k.^E[v^'\ = ii 
(5) 

Do ky vong ciia cdc sai sd do ludng 

£'[vj = 0,/ = 1..3 va ky vgng £[x] = x nen cd thd nit 

ra: 

k^+k^+k^=l 

tu do suy ra: 

k,=\-k^-k, (6) 

Tir phuang trinh (1) va (6), phuong sai cua phep 
udc lugng cd the dugc xac dinh theo phuang trinh 
sau: 

E[x']^Em-k^-k,)(x^v,) 

+ k^{x + v^)+k^{x + v^)-xf'\ 

E[x^ ] = E[({\ -k^-k^ )v, + k^v, + A3V,)- ] (7) 

Khai tnen phuang trinh fren vd nit ggn cac thdnh 
phdn, phuang sai ciia phep udc luong dugc viet ggn 
lai thanh: 

+klvl+k^v^] 
(8) 
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lap cm K.noa n^c 

Neu ggi cr, la phuong sai cua cac nhidu do v, 

mgt each tuong iing thi phuong trinh (8) cudi cimg se 

E[i'] = (\-k,^k,fc7l 

-vklcrl+k]crl 
(9) 

Phuang ttinb (9) cung chinh la hdm muc tieu cua 
phep udc lugng bgi dinh nghia phuong sai chmh Id 
ragt hara tich luy. De sai lech udc lugng ti^n vS 0 mgt 
each tdi uu, ldy dao bdra rieng cua phucmg sai (9) 
theo cac he sd k., va A, rdi dat bdng 0. 

dE[x'] 

dk._ 

-2(\-k^-k^)a'-+2k^al=0 

dk^ 

=>~2(\-k.^-k^)a;+2k,a"- = 0 (11) 

Phuang trinh (10) va (11) tao thanh ragt he 2 phuong 
trinh, 2 dn sd nen di ddng gidi dugc nghiera: 

(12) 
(T| u ; + a:;a, + c^ia; 

bidn nay cimg khdng phdi la hang sd mase th y 
tuy vao timg thdi didm kliac nhau, Cd the phan cma 
cdc giai doan ciia van tdc thanh 3 ttucmg f-̂ P- ^ ^ S 
tdc, di vdl tdc dd dn dinh vd gidm tdc. Ung vtn ^ g 
doan nay, phuong sai cua cac cam bien cung se dugc 
tmh todn vd cap nhat lai gid fri cac frgng so 
k„i^\..3 

Dd phdn biet cac giai doan khde nhau cua van 
tdc, neu chi su dung cdc cam bien da aeu la khong 
ddy dil va kha khd khan, nghien ciiu de xudt su dung 
them cac cam bidn do vi fri chdn ga va chan phanh 
tren xe dd tich hgp vdo thudt toan udc lugng^ Gia tn 
ciia cdc cam bign chdn ga va chdn phanh tren xe i-
MiEV se duoc thu thdp bdng each trich xuat dii iieu 
tren mang CAN ciia xe 6 td nay, Viec sii dung them 
vi tri chan ga vd chdn phanh ngoai muc dich udc 
luong van tdc, cdn cd tha md rdng cho viec chu dgng 
xdc dinh cdc ttang thai tieu cue khac ciia xe nhu xe bi 
truot, bi trdi.., 

Duih nghia p^ va pj ttrang iing la vi tri cua 
chdn ga va vi tti chdn phanh tbu thdp dugc thong qua 
CAN bus, Khdng gidm tdng quat, gid thiet rang chan 
ga vd chdn phanh khdng dugc phep nhan dong thai, 
cd nghla la khdng bao gid xay ra trudng hgp p^ va 
Pi^ ciing CO gia tti khac 0. Dieu nay hodn todn phu 
hgp vdi thuc te. Cac giai doan ciia van tdc dugc de 
xudt dinh nghia theo dang quy tac (mle-based) nhu 

0"j a 2 -i- CTJ O'j -f- CTfCTj" 

Do k. -l-k^-k. nen cd the xdc dinh dugc he sd k, 

3.2. ung diing cho udc luffng tdc do ddi 

Bai todn xay dung thuat toan tdng hgp dir lieu 
cam bien de udc lugng toi uu ttang thai ciia ddi tucmg 
da dugc xdy dung nhu tten Bai toan tren cung dugc 
giai quyet trong trucmg hgp 3 cam bien cung do dac 
dnh cua 1 ddi tucmg. Cung khong qua khd khan de 
thdy rang, viec udc lugng vdn tdc ddi dua tren dif lieu 
ciia cdm bien GPS, cam bien do tdc do quay cua banh 
xe va tich phdn gid tri do cua cdm bien gia toe ciing 
chmh la iing dung ciia cac ket qua tinh todn tten. Vdn 
de cdn lai cua bai toan udc lugng van tdc la xac dinh 
phuang sai cua cdc cdm bien af,i~ 1..3 . 

Nhu da neu, cdc cam bien GPS, tdc do quay bdnh 
xe vd cara bien gia tdc ddng gop gia tri ciia chung cho 
viec udc lugng van tdc vdi dd chinh xac tdy thudc 
vao didu kien cu the. Do do, phuong sai cua cdc cara 

- Qua ttinh tang tdc dugc xera la qua trinh 
ngudi lai nhdn chan ga, sau dd, cd the giu nguyen vi 
tri nay cho tdi khi dat hoac gdn dat dugc tdc do yeu 
cau. Do dd, qua trinh nay dugc dinh nghia nhu sau: 

P^>0 

a^ > e^ 

Pi,=0 

(15) 

, - Qua trinh di dn dinh Id qud trinh ngudi Idi 
dieu khien xe d mdt tdc do khdng ddi hoac thay ddi it, 
Dieu nay the hien d quy luat sau' 

P.>0 

\pj^e^ 

I«, l< e^ 
P,=0 

(16) 

ni,3 t, ̂ w T ^ ^'^'" ^ ° ' '^ ' '"^ ^ 'nh ngudi ldi 
nhan phai j de hara tdc dp cua xe _ 16, qud frrah 
nay dugc dinh nghia nhu sau-

P,>0 
(17) 



chi iOioa hoc va C6ng nghe 132 (2019) 033-039 

Trong do, e^ vd ê  la cdc hang sd cd gia tri nhd 
tuang ling vdi gia tdc va vi tri chan ga di phan biet 
cdc giai doan cua van tdc. Cac gia tri nay dugc xac 
dinh bang thitc nghiera. 

Sau khi da phan biet cac giai doan khac nhau ciia 
van tdc, sai lech giua phep do td cdc cdm bidn vd van 
tdc thuc cua xe se cd the dugc xac dmh theo tirag giai 
doan nay. Bieu nay ddi hdi phai cd he thdng do van 
tdc chudn de iam thara chidu. Qua trinh ndy ciing 
chinh la qua frinh chinh dinh phep do rad gan nhu bdt 
ky he thdng thu thap va xii ly du lieu nao cung phai 
frai qua. 

4. He thdng thtrc nghiem ket qua 

4.1. Mo ta hi thdng thifc nghiem 

Thudt toan tdng hgp cara bien udc luong van tdc 
dai dugc thuc hien tten nen (ang xe d td dien i-MiEV 
cua Mitsubishi. Phan ciing phuc vu trien khai thuat 
todn duoc lua chon la bg didu khidn MyRIO 1900 do 
National Instruments san xudt. Day la bo didu khiSn 
viia dil raanh vdi hai loi xu ly gora FPGA cua Xilrax 
loai Z-7101 vd ARM Cortex-A9 cimg cac ngoai vi 
vao/ra, tmyen thdng cho phep ket ndi vdi cac loai 
cam bien khde nhau cung nhu ket ndi vdi mang CAN 
fren xe d td. 

b) Cac bg thu thap dii heu 
Hinh 2. He thdng thuc nghiem fren xe d td i-MiEV 

Position J'a(%) Posilion Pfi(%) 

Hinh 3. Cau hinh he thdng udc lugng van tdc dai 

He thdng tham chieu de danh gia ket qua ude 
lucmg id he thdng thu thdp dii lieu dgng hgc 6 td 
DAS-3 do Kisder san xudt. He thdng sii dung cdc 
cara bien do van tdc ddi loai quang hoc S350 va cdm 
bien tdc do quay banh xe vdi do phan giai 1000 
xung/vdng. C&c hd thdng thi nghiem va he thdng 
thara chieu dugc lap dat ddng thdi tren xe d td nhu 
tren hinh 2. 

Cau hinh thuat toan he thdng udc lugng dugc 
trinh bdy frong hinh 3. Cac du lieu cd tdc do cap nhat 
thap gdra van tdc do tir GPS, tdc do quay ciia banh xe 
duac ndng tdn sd trich mdu bdng bd Modified 
Mukirate Kalraan Filter (M-MKF) [19], gia tdc ciia 
xe dugc loc bang bd loc Kalraan, Cac dii lieu ve vi tri 
chdn ga, ehan phanh dugc frich xuat tu mang CAN 
fren xe 6 td, ket hop vdi gia tdc cua xe dugc sir dung 
de tinh todn cac he sd frgng so k^ theo cdc phuang 
trinh (12), (13) vd (14). Toan bd cac thdng tin nay 
duac dua vdo bd udc luong theo quy tic (15), (16) va 
(17). 

4.2. Quy trinh thir nghiim 

Qua frinh thu nghiera danh gid do chinh xac cua 
thuat toan udc lugng dugc tien hanh ttong hai trudng 
hgp dien hmh gom (1) di chuydn tren dudng binh 
thudng vdl do bam dudng cao va (2) di chuyen tren 
dudng cd viing do bdra thap. Trong cd hai trudng hgp 
ndy, xe deu dugc gia tdc tdi van tdc nhdt duih rdi 
gidm tdc nhanh. Doi vdi ttucmg hgp thii hai, trong 
qud trinh tang tdc, xe duac di chuyen vao raat dudng 
tran vdi chieu dai khodng 2m (tuang duong kich 
thude ciia radt viing ddu) roi lai quay lai dudng binh 
thudng. 

De dara bao yeu cau ve tdc dd udc iugng. ca he 
thdng thi nghiera lan he thdng tham chieu deu dugc 
thuc hien trich ralu d tan sd 500Hz (tiie la gdp 5 ldn 
tdn sd yeu cdu tdi thieu) Dieu dd cd nghia la bg M-
MKF ap dung cho ddi tugng van tdc bdnh xe va GPS 
can phai dugc thuc hien ciJng d tan sd nay. 
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Hinh 4 va hinh 5 tucmg img la cdc ket qua thuc 
nghiem frong cd hai trudng hc^ dudng binh thuong 
va dudng cd khu vuc do bdm thap. 

tham ehieu. Khi xe di vao virng eo d9 ^^.^ ^_. 
thip, banh xe bi tnrcrt tren dutmg lam ' " : _ ^-^ ^ 
tang manh len toi 14m/s ( » ™ "-"^^ ! ™ , , son ehi 
di tren duong tot). Do do 1 ^ ' ' ' ? » ° ' ' ' ; " ! dioi gian 
Ichoang 2m nen qua t^YJ-^.Tr^mi^E 4>5"8 
ngin (Ichoang 0.4s). Do do, "f'/^ ™ ' g^ij^, „4y 
nay, toe do banh xe giam x u o n g f f ' ^ ' ' ^ ^ j j^ 
g a ^ a m o t s , dao dpng n h a ^ . o e * h » f ^ - _ ^ g * ; 
vay, tin hieu ft dau ra cua bo M-MKF «=" " 
,m hieu tham ehiju trong toan bo qua trmh thu 

;hiem. 

c) Van tdc do va van toe udc lugng 
Hinh 4. K^t qua thii nghiem dudng binh thudng 

Hinh 4a va huih 4b rad ta khd nang cua bd M-
MKf nh5m nang cao tdc dd frich mau cua cam bien. 
Cam bidn do van tdc banh xe cd dg phan giai 36 
xung/vdng cho tin hieu nhay bac va cd kem nhidu 
(hmh 4a). Vdi bd M-MKF, dn hieu nay dugc ndng 
cdp vd cho ki t ciua bam rdt sat vdi tm hieu do ve tu he 
thdng tham chieu 1000 xung/vdng. Kdt qua frrong tu 
cung duoc thd hien tten hmh 4b cho GPS. Tuy nhien, 
do GPS khdng cd he thdng tham chieu frrong duong 
nen kdt qua chi thd hien su thay ddi ve tin sd trich 
mlu vdi dac tinh rain ban rdt nhidu so vdi tin hieu 
GPS gdc. 

Tuang tu, hinh 5a cho kat qua tdc do bdnh xe vdi 
su so sanh gifia kdt qua ciia bg M-MKF va he diong 

a) Tin hieu Encoder 

b) So sanh van tdc dai 
Hinh S. Thii nghiem dudng cd vimg do bam thap 

Khi cac tin hieu thanh phan gdra van toe bdnh xe, 
GPS va gia tdc da dugc chudn hda va ddng bd ve tdc 
dp trich mdu, thudt toan tdng hgp dir lieu dugc thuc 
hien vd cho ket qud rat tdt, Dieu nay the hien d cdc 
hmh 4c va 5b. Co the thdy tdc do udc lugng dugc 
bdm rdt sat vdi tin hieu tdc do do tir he thdng tham 
ehieu DAS-3. Tham chi cd frong trudng hgp hinh 5b, 
tai doan dudng ttgn, tdc do xe khdng bi anh huong 
boi su bien dgng dot bien cua tdc do banh xe. Mdt 
dieu Cling dl nhdn thdy la tin hieu udc lugng khong bi 
nhieu nhu tin hieu do tu he thdng tham chidu. Diiu 
nay mdt ldn n&a kh5ng dinh kha nang ciia phep uoc 
lugng tten cg sd ciia phuang phap tdng hgp cam biln. 
5. KSt luan 

Bai bao dS trinh bdy phuang i" 
im^ tdc dp dai ciia xe 6 td dien ni c 
bien chuyen dong dua tten phucxi 
lieu da cam bien, Cdc cdmbi^n nt 
tdc dp trich mdu khac nhau nhime 

1 uoc lugng tdi 
iu ciia cdc cam 

I'lp tdng hgp dii 
' =dc dac tinh vh 
' duac ddng bd 
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hoa bang bd lge Kalman dac biet M-MKF. Tren co sd 
dd, ket hgp vdi thudt toan tdng hgp, tdc do dai cua xe 
d td dien da dugc udc lugng chinh xdc d tdc do 
500Hz, eao hon so vdi yeu cdu co bdn cua xe d td 
dien (lOOHz). Cac dac tmh thue nghiem dugc kiem 
chung tren xe d td dien i-MiEV va cd so sanh vdi he 
thdng thu thap dii lieu thara chieu DAS-3 da cho thdy 
su hieu qud eiia phuong phap de xuat. Kdt qud cua 
thudt toan udc lugng van tdc dai nay se la co sd tdt 
cho cdc bai todn dieu khien chuyen ddng nhu dieu 
khien chdng trugt, dieu khien hanh trinh; hay bai todn 
diiu khiSn xe tu lai d cdc cap do khac nhau. 
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