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BAT VAN Dg 

Ke t i khi bai toan giam bac mo htah duoc dat 
ra, da CO rat nhilu Ihuat toan dugc d l xult d l 
giii quyet bai toan giam bac theo nhilu 
huong khac nhau. Ttong dd thuit toan giam 
Mc pho hi8n nhit la thuat loan chat can bjng 
Cila Moore [4]. Thuat toan chat can bjng [4] 
dupc thuc hien bing each ap dung dilu kien 
tllong duong len qua trinh dutmg cheo hda 
dSng diM hai ma tran Gramian dilu khiln va 
Gramian quan sat dpng hpc ciia he Utjng to 
duy he ho. Viec hrong duong hoa hai ma tr |n 
dutag cheo^nhu the cho phep chuyin mo hinh 
goc bieu diln trong he co so bit ky thanh he 
Immg duong bieu diln theo he tpa dp trong 
khang gian can bjng noi. Tit Idiong gian can 
bang do, mo hinh bjc thip co thi tim duoc 
bang each lo^ii bo cac gia hi rieng it dong gop 
cho su tao dung ml i quan he giua diu vao va 
dau ra ciia he, tire la Ioai bo cac trang thai it 
kha nSng dilu khiln va quan sat. LTu dilm cua 
thu^t toan cbat can bing cua Moore [4] la cho 
k£t qua giam bac voi sai s6 giam bac nho. 
Tuy nhien nhuoc diem cua thugt toan nay la 
chi dp dung duoc cho he hiyin tinh In dinh 
ti?m c ^ bdi dilu kien d l xac dinh duoc hai 
ma tr |n Gramian dieu khien va Gramian quan 
sit la b^ goc phai on djnh tiem cgn. 
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Tuy nhien, frong thuc t l ta co thi b5t gap cac 
hS thong toyIn tinh bac cao khong 6n dinh 
nhu ttong [5], [6], [7], ... do vay cae thuJt 
toan giam bac noi chung va thugt toan chat 
can biing noi rieng c in phai co kha niing giam 
bac ca he hiyen tinh I n dinh va he tayen tinh 
khong on dinh. 

Be CO the ap dung thugt toan chat can bing 
cua Moore [4] giam b | c cho he khong 6n dinh 
da CO nhieu cong trinh nghian cira voi nhilu 
huong tiep can khac nhau nhu phuong phap 
can bang LQG [3], phumig phap chgt can 
bang cua Zhou [7], phuong phap chat can 
bang ciia Zilochian [8], phuong phap chat can 
bang ciia Boess [1], ... Trong do, tac gia quan 
tam nhieu nhat den hai cong trinh la phuong 
phap chat can bang ciia Zilochian [8] ap dung 
cho he Uen tuc khong 6n dinh va phuong 
phap chat can biing cua Boess [1] ap dung cho 
he rin rac khong In djnh. t tuong cua thugt 
toan chat can bing cua Zilochian [8] la thuc 
hien phep chilu (dich chuyin g lc toa do) d l 
chuyen he goc khong In dinh vl dang In 
dinh, sau do thuc hien giam bac he In dinh 
theo thuat toan chat can bing thu dupe he 
giam bgc on djnh. Culi cimg, Uiuat loan thuc 
hien phep chieu nguoc (djch chuyin glc toa 
do ngupc) de chuyin he giam bgc In dinh vl 
dgng khong dn dinh gilng h? g lc ban diu. Y 
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tirang ciia phirong phap chat can bSng ciia 
Boess [1] Cling gSn nhu tmmg tu nha thuat 
toan chat can b5ng cua Zilochian [8], nhmig 
thay doi tirpng ap dimg cua thuat toan hj he 
Uen tuc khong on dinh sang he rai rac khong 
on dinh. Tir y tucmg cua hai thuat toan tren va 
phep anh xa lien tuc - roi rac, trong noi dyng 
bai bao nay tac gia gioi thieu mpt thuat toan 
chat can bang dira tren phep anh xa lien tuc -
rai rac va ap dung thuat toan vao mpt bai toan 
giam b^c bp dieu khien, cu thi la giam b|c bp 
dieu khien cua h? thong difiu khiln can b§ng 
xe hai banh. 
He rM rac on d|nh a 
Xet he tuyen tinh roi rac nhu sau: 
x{k + l) = \^xik)-i-h_,u(k), 
y(k) = C,x-{-B^u(k) 

(1) 
trong do: 

(A^,B^,C^,DjeH™xK™xK'""xM'^'". 

x{k)6 K", u{k) s E"", y(k) e R". 

Ham trayen ciia h£ roi r?c la: 

G(z):=C,(zI-A,}" 'B^+D,,zeC 
fiinh nghia I: H^ roi rac (1) die^c goi la dn 
dink a khi niu phan thfec ciia cdc diim cue 
\MK)\<a. ail. Tgp h^ cic h^ rdi rac 
on dinh -a dtrac hy hi^u la D^. 

Trong tnrcmg hpp a = 1, hf (1) dupc gpi la h? 
roi rac on dinh tiem can (he rai r^c on dinh -
0) nhu dinh nghia g6c. Ma fr^ A^ trong 
tniong hpp nay co d^g cua ma tran Schur 
vm|^(A,)|<l. 

Hg lign t^c on dish p 
Xet he tuySn tinh lign tuc co d^g sau 
i (0 = AXO + B^u(0 

trong do: 

(A,,B^,C^,DJ e R"" x K""' xR"^ xR""̂™ , 

x(OeR", «(OeR",_y(OGR*. Ham trayan 
cua he lien tyc co dang sau: 

G(^):=C,(5l-A,r 'B +D,, s e c . 

fiinh nghia 2. H0 thon^ lien ttfc (2) duac gpi 
Id on dfnh -fi niu phdn thuc aia cdc diim 
cytc he real(A(A))<fi, 0^O.T^ hpp cdcH 
lien ttfc Sn dinh - fi dugc ky hieu Id C^. 
Trong trudng hpp ^ = 0 thi he (2) dupc gpi 
la on dinh tiem can (h? liSn tyc on djnh - Q) 
nhu dinh nghia goc. M& trin A trong tmdng 
hpp nay la ma tr?in Huzwitz,..., voi 
real(;i(A))<0. 

Phep Snh xa lign tuc - r ^ rac 
Binh nghia 3. Phep anh xa sau 

(A,,B,,C,,DJ-»{A„B,.C„DJ' 

Trong do A^ = a ( l - A , ) " ' ( l + A ^ ) , 

B^=^/2^(^~AJ"'B^, 

C, =V2^C^( l -A, )" \ 

I>.=D,+C,(I-AJ^'B,,A, = A ^ - ^ 

dupc gpi Ik phep anh x̂ i lign tuc - rai r?c tiiC 
la chuygn d6i he tit he lign tyc 6n djnh - p 
sang h? rcfi r^c on djnh - a. 
Ngo^i ra con co mot phep anh x? ngupc nhu 
sau: Phep Anh x^ 

(A,,B„C,.D^}-*(A,.B^,C,,DJ 

Trong do K=Pi + (l + AX'{A^-l), 

r('+^.J 

gpi la ph6p anh x? ngupc lign tyc - r6i r^c tiic 
la chuygn d6i h§ hi h? rdn r?c 6n djnh - a vk 
h$ lien tyc on djnh - fi. 

Trong tnrdng hcp /? = 0 va a = 1 thi ph6p 
inh x? dupc gpi 1̂  dnh x? song tuy^n. 
Thuat tofin chit cSn b4ng dira trgn finh xa 
lign tne - rM r^c 
Thu§t todn chat cSn bing dua trgn anh x? lign 
tyc - roi rfic [2] co npi dung nhu sau: 
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"*»: He hen tpc In dinh fl 

Binfc 1: Chuyin d l i he U6n ttic I n (Knh - fi 

vi dgng he rcri rac In dinh - 0 G , , ( z ) e C 

M n g qua p|,^p ^ ^ 

( A „ B „ C „ D , ) = ! 4 . I ( A „ B „ C „ D . ) . 

Buftc 2: Ap dpng thuJt tpan chgt can bSng 

cho he ( A J , B „ , C „ , D „ ) , thu duoc he roi 

rgc giam bgc G ^ ( z ) . 

Jbrilc 3: Chuyin d l i he roi rgc giam bgc 

Grf(z) vc dang h? giam bac I n djnh - fi 

G„(s) thong qua phep anh xa 

( A „ B , . c „ D „ ) = ^ - ; ( A ^ , B , , C ,„ D , ) 

Bau ra: H6 B6n tuc giam bgc 

G , , M = C „ ( r f - A , . ) B „ + D „ 

(fng dpng thuJt loan chgt cin bing dua tten 
fah.xg liln tuc - roi rac vao bai toin dilu 
khiSn can bSng xe hai banh 
Trong [6] da xay dimg mo hinh xe hat banh tu 
can bang (bfah ttuoc va banh sau), mo hinh 
hoa va thiet ke dilu khiln b in vung d l dilu 
khien can bang xe hai banh - duy tti goc 
nghieng ciia xe luon tiln tdi khdng, kit qua 
thu duiprc bo dilu khiln nhu sau: 

voi 

HW = -2.23.10^'s" - 4.67. lO^s" - 0.2661" 

- 2 2 . 9 6 J " - 1 0 0 6 J " ' - 2 853 lO ' i " -5.837.IO'i"' 

-9.144.10'i" -1.139.10"j" -I.158.IO's" 

-9.776.10'*"'-6.949.10'"j"-4199.10" j " 

-2.172.10'"s" -9.663.10"*" -3.71.IO"i" 

-1.231.10"*" -3.53.10"*" -8 .7410"*" 

-1.862.10"*"-3.398.10"*'"-5.276.10"*' 

-6.903.10"**-7.511.10"*'-6.676,10"*' 

-4.721.10"*'-2.556.10"*'-9 953.10'V 

-2.482.10"*' -2.977 IO"*-0.00439 
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D(*) = 4.97l.lO-'V" + 2.032. l0-"r ' 

+2.663.10"'*"+1.221.10-'*-'+9.72 IO"'*'' 

+0.3918*"+10.14*"+ 187 1*"+ 2612*" 

+2.862.10'*" +1.088.10'*" +2.523.10'.,» 

+1.82.10'*"+5.428.10'*"+ 2.273.10'*" 

+8.005.10'*"+2.372.10'*"+5.9.10'*" 

+ 1.225.10"*"+2.107.10"*"+296210"*" 

+3.341.10"*'+2.941.10"*'+1.931,10"*' 

+8.743.10'*'+ 2286.10'*'+1.519.10'*' 

-5.226.10's" + 3 6,10-'*' +5.32.10-"* 

Trong [6] sir dung he th ing diln khiln s l 

(adrumo) de dilu khiln can bing xe hai banh 

nen bo dilu khi ln bac cao (bgc 30) se din tdi 

ma chuong trinh dilu khiln phirc tap Iam thoi 

gian sit ly tang len, thin gian dap itng ciia he 

thong dieu khiln tang co th i din tdi khdng 

dap ling duac yeu c iu v l dilu khiln thcri gian 

thtrc va lam cho he thing can bing mit In 

dinh. Vi vgy de dap irng t i t hon yeu ciu vl 

dieu khien thdi gian thyc thi c in phai giam 

bac bp dieu khiln bac 30. Bo dilu khiln giam 

bac dupc lua chon thay thi cho bo dilu khiln 

bac 30 can thoa man cac dilu kien sau: 

• Bo dieu khiln giam bgc vln dam bao chit 

Iuong dieu khiln hiong duong bo dilu khiln 

goc (sai lech dap img budc nhay, sai lech dap 

4ng tan so, sai lech chit Iuong dilu khiln nhd ' 

- thoa man duoc yeu c iu In dinh bin vihiE 

cua he thong); 

Bgc ciia bo dilu khiln nhd. 

Bo dilu khiln bgc 30 la rapt mo hinh khong 

on dmh nen khi ap dung thuat toan chat ciin 

bang dua tten phep anh xa lien tpc - rdi rac 

de giam bgc bo dllu khiln bac 30 thu duoc 

ket qua nhu sau: 

Bang 1. Ket qud gidm bdc bg dieu khien bdc 10 

Mfi hinh ham tniyen - R (*) 



Vu Ngoc Kicn 

Ltru y: Ta se gpi bp dicu Idiign giam b|ic (b^c 
r ) la bp dieu khign bac r . 
De CO dig chpn dupc bp dilu khign gidm bSc 
thoa man ygu c iu cua bai toan giam bac bp 
dieu khien b$c 30, tac gia tign hanh danh gia 
dap ling buoc nhay va dap ung tin s6 ciia he 
goc va cac he giam bac, ket qua dupc thg hien 
trong Hinh 1 va Hinh 2 nhu sau: 

T?p chi KHOA HpC & C 6 N G NGKg 151(06): 241 - M7 

IBnh 1. Dap vng buac nhay ciia bo diiu khiin 
bgc 30 vd cac bo dieu khien gidm bgc 

Hinh 2. Bdp ung lan so cua bp dieu khiin bgc 30 

vd cdc bp dieu khiin gidm bgc 

Nhfin x6t: Dua tren kgt qua Hinh 1 va Hinh 2 
ta thay: ' 

• Sap ling buac nhay ciia bp dilu khien bac 
5 va b$c 4 tmng khop hoan toan voi dap iing 
buoc nhay cua bp digu khign bac 30. 

• Dap ling buoc nhay ciia bo digu khign bac 
3 CO sai lech vai dap ung buac nhay cua bp 
dieu khien bac 30 tu khoang thoi gian t > Is 
vdi gia tri sai l?ch tang din khi thoi gian tang. 

• Dap ling tSn s6 (bien do va goc pha) cua 
bp dieu khien bac 5 triing khop hoan toan voi 
dap ling tan so ciia bp digu khien bSc 30. 

• Trong khoang tan s6 co > 0,0212 rad/s thi 
dap ling tan so bien dp ciia bp digu khign bsic 
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4 tning khdp hoan toan voi dap iing tan so 
bien dp ciia bp dieu khign b^c 30; trong 
Idioang tSn so w < 0,0212 rad/s thi dap iing 
tan sfi bieo dp ciia bp dieu khign bac 4 c6 sai 
Igch so voi dap iing tSn so bien dp ciia bp dieu 
khieri bSc 30 va bien dp sai lech tang d ^ khi 
tan so giam. 

• Dap ling ^ s6 goc pha ciia bp dieu khieO 
giam bac 4 tning khdp hoan t o ^ vcri dap iing 
tSn so goc pha cua bp digu khign b^c 30. 
• Dap ling tSn s6 bign dO ciia bp digu khien 
bac 3 CO sai Igch vdi d ^ ung t in s6 bien dp 
ciia bp digu khiSn bale 30 trong khoang t in sfl 
ft) < 69,6 rad/s, dSc biet vdi viing t in to < 
0,206 rad/s thi bign dp sai l^ch tang din khi 
t in s6 giam. y d i khoang t in s6 oi > 69,6 rad/s 
thi dap ling tan so bign dp ciia bp digu khign 
b^c 3 trung khdp hoan t o ^ vdi dap iing tin 
so bign dp ctia bp dilu khiSn bac 30. 
' Dap ling t in s6 goc pha cua bO dilu khiln 

giam bac 3 co sai lech so vdi dap ung tan 96 
goc pha ciia bp dieu khiln b§c 30 trong 
khoang t in sd to < 541 rad/s. Vdi khoang tin 
CO > 541 rad/s thi dap iang t in sd goc pha ciia 
bp dilu khien giain b^c 3 tning khdp hoan 
toan vdi dap iing t in s6 goc pha cua b0 dilu 
khign bgc 30. 

Thirc hi?n mo phong Matlab - Simulink h§ 
thong digu khign xe hai banh tv can bSng sii 
dyng bp digu khien b^c 30 vk cac bp dilu 
khien giam b^c (bang 1) d^ra theo [6], ki t 
qua mo phong dupc th i hien trong Hinh 3 
nhu sau: 

Chat lirpng dap ling ciia h? thong di lu khiln 
can bang xe hai banh (gpi t i t la h? thdng 
dieu khiln) sii dung bp di lu khi ln b^c 30 va 
bp dieu khiln bac 5 la: Bien dp dao dpng cvrc 
d£ti lan 1: - 0.00653 radian; Bign d^ dao 
dpng cue dai l in 2: + 0,00175 radian; S6 lin 
dao dpng: 2 lin; Thdi gian qua d$: 2,3 s; Sai 
lech tinh: 0%. 

Chat lupng ddp iing ciia h^ thong dilu khiln 
sii dung b0 dieu khiln b^c 4 la: Bien dp dao 
dpng cue dai Ian 1: - 0,0064 radian; Bign dp 
dao dpng CVC d ^ lin 2: + 0,00207 radian- So 
lin dao dpng: 2 lin; Thdi gian qua dd- 2 1 Q-
Sai Ipch tinh: 0%. ' ' 
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(1) 

TTT" 
T^-/! Jxt ^ nit 4̂t rt ± ̂ ± 

(»; 
mnh 3. lUfonggdc nghieng cua he thing didu 

"••""xn Ixaigxe hal bdrthsd dang bd diiu khiin 

bac 30 vd cdc bd dieu khiin gidm bdc 

NMn Ift: (Jua kit qua hmh 3, ta thiy: 
• He tbong dtlu khiln sir dung bo dilu khiln 
^ 5 v4 s4 dung bp dilu khiln bac 30 cd dap 
m g gdc nghieng ttimg khdp hoan toan. 
• Bip img gdc nghieng cua he thing dilu 
khien sir dtmg bo dilu khiln bgc 4 bam sat 
fip iing gdc nghieng cua he thing dilu khiln 
s i dung bo dieu khiln bgc 30. 

• Hg thong dtlu khiln su dung bd dilu khiln 
bic 5 va sur dung bo dilu kliiln bgc 4 diu cd 
kU nanj duy fri can bing on dinh xe hai banh 
tv can bang. 

• He thdng dilu khiln sit dung bd dilu 
khifin bgc 3 chi duy tri duoc frang thai can 
Mag ciia xe hai banh Utmg khoang thdi gian 
t < 5s, khi thdi gian t > 5s he thing dilu 
khien khdng cd kha nang duy tri can bang In 
dinh xe hai banh. 

Ket lufin: Tir cac ket qua d tten, ta thay: 
• Bp difiu khifin bgc 4 va bac 5 thda man 
yeu c iu ciia bai loan giam bgc bp dilu khiln 
b$c 30. Bp dieu khien bgc 3 khdng thda 

mail yeu c iu ctia bai toan giam bac bd dilu 
khien bac 30. 

• Neu uu tien yfiu c iu bac bd dilu khiln nhd 
nhi t cd thi thi ta cd the sir dung bd dilu khiln 
bgc 4 thay di l bp di lu khiln bac 30. Neu uu 
tien sai Ifich dap ling budc nhay, sai lech dap 
trng tan so, sai lech chat luong di lu khiln nhd 
nhat cd thfi thi ta cd thfi sir dung bd dilu khiln 
bac 5 thay thi bd di lu khiln bac 30. 
So sanh hien q u a giam bac bo di lu khi ln 
cna thnSI toan chat can b i n g dira tren 
phep anh r a Ben t n c - r d i r ac va thiiat loan 
chat can b i n g ciia Zilochian, 
Ap dung thuat toan chat can h ing ctia 
Zilochian [8] d l giam bac bd dilu khiln bac 
30 ta thu dupc bp dilu khi ln bac 4 nhu sau: 
" i.i- '^- '^"' '^'-^SS8.liiV-i.;gs.iiy.,-^21191 m,.,, , 4,„ ,5, 

J'*2ll0at' ^473 9s- +30J5s*0.2572 

Banh gia dap irng budc nhay, dap iing t in s6 
o ia cac bp di lu khi ln bac 4, dap ling gdc 
nghieng cua he th ing di lu khi ln su dung cac 
bo dieu khien bac 4 thu dupc cac ki t qua thi 
hifin frong Hinb 4, Hinh 5 nhu sau: 

ffinh 4. Ddp dng buac nhay. ddp dng ldn sc 
bd dteu khien bdc 10 „d cdc bd diiu kh,in bic'i 
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1 I 1 I M M I 
Hinh S. Ddp ling gdc nghieng cua he thong 

dieu khien su dung bd dieu khien bdc 30 

vd cdc bd d'leu khien bdc 4 

Chat Iuong dap irng cua he thong dilu khiln 

sit dung bp dieu khiln bac 4 theo thugt toan 

chat can bing cua Zilochian la: Bien dp dao 

dong cue dai lin 1: - 0,00696 radian; Bifin dp 

dao dpng cue dgi lin 2: + 0,00237 tadian; 

Bien do dao dpng cue dgi lin 3: - 0,00019 

tadian; So l in dao dpng: 3 lan; Thdi gian qua 

do : 2,3 s; Sai lech tinh: 0%. 

Nhin xft: Til Hinh 4 va Hmh 5 ta thiy: 

Dap iing budc nhay cua bd dilu khiln bgc 

4 theo hai thugt toan diu friing khdp vdi dap 

ling budc nhay cua bp dilu khiln bac 30. 

• Khi cimg so sdnh vdi dap iing tin s l bifin 

dp ciia bp dllu khiln bgc 30 thi dap ung tin 

so bien d$ ciia bp dilu khiln bgc 4 dieo thugt 

toin chgt can bing dua tten phep anh xg lien 

tuc - rdi tac cd vimg sai lech (to < 0,0212 

lad/s so vdi to < 0,156 tad's) va bien k sai 

lech nhd hon so vdi dap ung tin s l bien dp 

cua bp dieu khiln bac 4 theo thuat toin chgt 

can bang ciia Zilochian. 

• Dap ling t in sd gdc pha ciia bd dilu khiln 

hac 4 theo thugt toan chat can bing cua 

Zilochian CO sai lech so vdi d ip iing t in s l 

goc pha ciia bd dilu khiln bac 30 (tit vilng 

tin sd to< 67,4 rad/s) trong khi dap ling tin 

so bien dd cua bp dilu khiln bgc 4 theo thuat 

toan chat can bing dua ttfin phep inh xa lien 

tuc - rdi rgc frung khdp hoan toan vdi dap 

ling tan so gdc pha ctia bp dieu khiln bac 30. 

• D i p ling gdc nghieng ciia hfi thing di lu 

khiln su dpng bd ffilu khiln bSc 4 theo thugt 

toan chat can b ing thia tt«n phep anh xg liln 

tuc - rdi rac cd bien dp dap dpng va sd lan 

dao ddng nhd hon so vdi dap iing gdc 

nghieng cua hfi th ing dilu khiln sir dpng bp 

dieu khifin bgc 4 theo thugt toan chgt can bing 

ctia Zilochian. 

KETLUAN 

Bai bao da gidi thieu thuSt toan chat can bing 
dua frfin phep inh xa lifin tuc - tdi tac vdi y 
tudng ki t hpp hai thuit toan chgt c in bing 
cda Zilochian [8] v i thuJt toin chgt can bing 
ctia Boess [1]. K i t q u i irng dung thugt toin 
chat can bang dtra frfin phep anh xg hen tuc -
rdi rac vao hai toan giam hgc bp dilu khiln 
cda he thing di lu khi ln can b ing xe hai hanh 
cho thiy bp di lu khi ln bgc 5, b ic 4 thda man 
yeu cau ciia bai toan g i im b ic bo dilu khiln 
bac 30 va tid th i sir dtmg hai bd dilu khiln 
nay thay th i cho bp dilu khiln bjc 30. Ddng 
thdi qua md phdng Matlab - Simulmk oho 
thay chit lupng he th ing dilu khiln s4 dpng 
bS dilu khien bac 4 theo thugt loan chgt can 
bang dpa frfin phep anh xg lien tuc - rdi tgc 
CO chat d ip dng gdc nghifing tdt hon h? thing 
dilu khiln sii dpng bd dilu khiln bgc 4 theo 
thuat toan chgt can b ing cda Zilochian [8]. 
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