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TOM TAT

Bai bdo gii thiéu, so sanh va danh gid 4 thudt todn gidm bdc mé hinh dé la Cdt ngdn cdn
bang (BT), Cdt ngdn cdn bang H-infinity (HINFBT), Xdp xi chudn Hankel (HNA) va ldp Krylov
hitu ti (IRKA) cho mé hinh hé thong dién bdc cao khong on dinh. Nhém tac gid dp dung cdc
thudt todn nay dé giam hé c6 bdc 66 xuong hé bdc 10 va bdc 25. Tir két qud mé phong va sai
léch gitta hé giam bdc voi hé goc c6 thé thay thudt toan BT cho dap vwng trong mién thoi gian,
mién tan sé6 bam sat hé goc nhat véi sai s6 nhé nhat trong khi IRKA sai khac nhleu nhat trong 4
thudt toan. Thudt toan HINFBT co thé giam bdc truc tiép cho doi twong khong on dinh ma khong
can phdn ra hé, va phiong phdp HNA gilk lai cdc gia tri suy bién Hankel mang nang heong lom
ciia hé ban ddu nén bdo toan dwoc tinh 6n dinh ciia hé goc.

Tir khoa: Giam bac mo hinh; H¢ thdng dién bac cao; Chat can bang; Cit ngdn can bang H-infinity; Krylov hitu ti; Xép
xi chuan Hankel.

1. MO PAU

Xét mot hé dong luc hoc G (s) bat bién theo thoi gian tuyen tinh LTI (Linear Time-Invariant)
bac nhat dwgc mo ta boi cac phuong trinh twong dwong gom: Hé phuong trinh vi phén, Ma trén
khong gian trang thai va Ham truyén:

[x(t) = Ax(t) +Bu(t) -
q”{wo=mawowo

Trong d6: AcR™,BeR"™,CeR”,DeR""

G(s);{g E}D G(s):=C(sl -A)'B+D Q)

Trong nhiéu truong hop, nhu mé phong mach dién, mo hinh hoa ddi tuong, nhan dang hé
théng hodc cac bai toan diéu khién phu thudc thoi gian, s6 chiéu bac ctia hé 16n. Khi cai dat, hé
théng bac cao c6 thé khién cho viéc tinh toan khong kha thi do gidi han vé phz‘in cung, bd nhd,
thoi gian, do tin cdy,... Mot phuong phap khac phuc diéu nay 1a giam bac mé hinh MOR (Model
Order Reduction). Muc tiéu cia MOR 14 tao ra mot hé ¢ chidu khong gian thip mang cac dic
tinh dap tng tuong tu nhu hé gdc nhung cac yéu cau luu trit, thoi gian danh gia, kha nang tinh
toan, chi phi trién khai, v.v don gian hon. M6 hinh giam béc c6 thé dugc sir dung dé thay thé hé
bac cao dap trng cac trng dung thoi gian thyc.

H¢ giam bac G, (s) cta G(s) duoc xac dinh la:

[rO=Ax©O+Bu() _
G, (s).{yr (t)=C.x (t)+Du(t)

Trong do: A eR™,B eR"™,C eR”,D, eR"™, r < n va thod man cic yéu cau co ban:

A B
Gr(s)::[c' D’}: G, (s)=C,(sl -A)"B, + D, 2)

- Sai s6 x4p xi |y — y, Il 1a nhé va ton tai mot sai sb toan cuc.

- Mot sb thudc tinh cua hé théng, nhu tinh 8n dinh, tinh thu dong, v.v dugc bao toan.

- Mang lai hiéu qua v& mit tinh toan.

Mot trong nhiéu phuong phap MOR dé cit ngan (chat) can bang BT (Balanced truncation)
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dugc dé xuit bai Moore [1]. Phuong phap nay thuc hién bang cach Aap dung diéu kién tuong
duong 1én qua trinh dudng chéo hoa dong thoi hai ma tran Gramian diéu khién va Gramian quan
sat dong hoc ctia hé. Hai ma tran nay dugc xac dinh bang cach giai 2 phuong trinh Lyapunov.
Viéc twong duong hoa hai ma trdn duong chéo nhu thé cho phép chuyén mé hinh gdc biéu dién
trong hé co s6 bat ky thanh hé tuong duong trong khong gian can bang ndi. Tir ddy, mé hinh bac
thip x4c dinh bang cach loai bo cac gia tri riéng, cac trang thai mang nang luong nho. Thuat toan
BT chi 4p dung cho hé 6n dinh do d6 véi hé khong 6n dinh can phan tach thanh 2 phén hé: 1
phan hé chira cac diém cuc c6 phan thuc duong va 1 phan hé gdm céc diém cuc c6 phan thuc
am, sau d6 méi tién hanh giam bac cho phz‘in on dinh. Hai thuét toan lién quan chat ché khac dén
BT la Cit ngin can bang H-infinity HINFBT (H-Infinity Balanced Truncation) va Xép xi chuan
Hankel HNA (Hankel-Norm Approximation). HINFBT [2] c6 thé giam béc truc tiép cho hé
khong 6n dinh, phuong phap thyc hién twong tw nhu BT nhung Gramian diéu khién va Gramian
quan sat duogc xac dinh tir hai phuwong trinh Riccati. HNA bién d6i hai ma tran Gramian diéu
khién va Gramian quan sat ctia hé vé dang dudng chéo, co cac phan tir 1a cac gia tri suy bién
Hankel dugc sap xép nhé dan tir trén xudng dudi, mo hinh giam béac thu dugc bang cach loai bo
céc gia tri mang it ning luong (cit bo cac gia tri suy bién Hankel nho) [3].

Mot phuong phap tiép can giam bac mé hinh khéc 1a Thuat toan lip Krylov hiru ti IRKA
(Iterative Rational Krylov Algorithm) dugc gidi thi€u boi Gugercin, Antoulas va Beattie [4]. Dt
liéu noi suy ban dau hodc dugc chon ngau nhién hodc boi mot mé hinh giam bac c6 thé tinh toan
don gian. IRKA khéng dam bao tinh 6n dinh ciia cac mé hinh giam bac trung gian, ké ca bac ma
hé can giam dén, diéu nay xély ra khi dir lidu ndi suy ban du khac xa véi dit lidu t6i wu.

Trong nhing céng trinh gan day, cac phuong phdp giam bac BT, HINFBT, HNA va IRKA
van duogc tlep tuc phat trién va nghién ciru. C6 thé thay trong mot sd tai liéu nhur: Cong trinh [5]
thiét ké bo dicu khién da bién manh mé sir dung khung H-infinity Loop cho bo chuyén doi DC-
DC tich hop bac 4 TIFOI (Two-Input Fourth-Order Integrated), gitip cung ¢b cac dic tinh cua hé
thdng chuyén dbi bang cach cit ngan can bang H-infinity, dam bdo phan chia tai va diéu chinh
bus dién 4ap ctia bo TIFOL Bai béo [6] dé xuat 4p dung HNA dé tdi wu hé thong moé ta thoi gian
lién tuc, va [7] 4p dung HNA dé giam béc cho ddi twong khong 6n dinh bac cao. Nhom téc gia
trong [8] sir dung phan mo rong cua dinh 1y Adamyan-Arov-Kerin dé phat trién mot thuat toan
thlet ke cac bo loc s6 ti uu trong tinh toan HNA de giam bac bo loc tham chiéu. Tai liéu [9] dé
xudt cit ngan can bang hdn hop H,/H., cho hé tuyén tinh thoi gian roi rac, trong do, phuong trinh
Lyapunov va Riccati c6 cung ma trén duong chéo xdc dinh dwong, tir day co thé cat ngan can
bang, tao ra mo hinh giam béc c6 gidi han vé sai so [10] dua ra k¥ thuat ha bac mo hinh dua trén
BT két hop voi mang neural. Bai bao [11] dé xuat ap dung BT de giam kich thudc mach tich
hop, bdo toan tinh on dinh va thu dong. [12] thuc hién giam tan s gigi han mach RLCK thong
qua BT cho hé vi phan béc hai, c6 thé dugc két hop véi cac b giai Lyapunov bac thap hiéu qua,
din dén bac md hinh nho, dam bao do chinh xac tdt hon so véi BT thuong. Ky thudt gidm bac
mo hinh can bang dugc ap dung cho bién tan hoa ludi trong Microgrid duoc trinh bay trong [13].
Bai béo [14] dé xuit mot chién lugc méi dé diéu chinh tan sb ludi dién tdi vu trong hé thdng dién
dugc két ndi v6i nhau gdm dién xoay chiéu va dién gi6 ngoai khoi. B6 diéu khién dugc phat
trién dé phdi hop hoat dong cua may phat dién dong bd va bo chuyén d6i, dam bao cong suat tdi
uu cua ludi dién xoay chiéu va giam thiéu do léch tan sb. Sau do, bo didu khién duoc ha bac
xudng sir dung BT dé loai bo cac bién trang thai kho quan sat va kho kiém soat trong khi van bao
toan cac dic tinh phan hoi wu thé cua chung. [15] dé xuat mot khudn kho nang cao cho IRKA, dé
giam chi phi tinh toan trong khi van dam bao tinh ti wu khi hoi tu. Bai bao [16] dua ra phuong
phap tiép can IRKA moi dua trén heuristic duoc phét trién dé giam bac mo hinh da dau vao da
dau ra (MIMO) trong hé thong dién. Cong trinh [17] tién hanh giam bac mo hinh cho hé thong
lugi dién MIMO, ap dung trén hai mo hinh dién gidé quy moé 16n, gitp duy tri d6 chinh xac cao
déng thoi ho tro lap ké hoach van hanh hé théng dién dugc hiéu qua. Tai li€u [18] dua ra phuong
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phap gitp ting tdc nghich dao dir lidu dién tir ngudn didu khién trén mién tan sé bang thuat toan
khong gian con Rational Krylov. Két qua cho thay, thuat toan hiéu qua vé mit tinh toan, gitp
déay nhanh téc @6 xir 1y.

Nhu vay, cac hudng vé MOR st dung BT, HINFBT, HNA va IRKA dugc cac nha nghién ctu
rit quan tAm, cac cong trinh méi tap trung vao cai tién, hiéu chinh cac thuat toan hodc tng dung
tryc tiép cac phuong phép cho timg bai toan, dbi tugng, hé thong can giam bac cu thé.

Nham kiém chimg va d4nh gia cac phuong phap BT, HINFBT, HNA va IRKA, nhom tac gia ap
dung ching vao hé thong dién khong on dinh trong [19] c6 béc 66, de giam thleu xudng bac 10 va
bac 25. Tlen hanh m6 phong cdc dap ung trong mién thoi gian, mién tan sd va tinh todn sai léch
giita hé gbc bac véi hé giam bac, dé dua ra cac nhan xét vé kha ning giam bac clia cac thuét toan.

Bai bao ¢6 bd cuc nhu sau: Muc 1 13 161 din m& dau, tung chc trién khai cac thuét toan BT,
HINFBT, HNA va IRKA dugc trinh bay ¢ Myc 2, 3, 4 va 5. K&t qua m6 phong cac dap ung va
tinh toan sai so tuyét doi gitra hé gdc vdi cac hé gié}m bac stir dung cac thuat todn nay, sau d6 dua
ra nhan xét, danh gia dugc dua ra trong Muc 6. Cudi cung muc 7 1a K&t luén vé bai bao.

2. THUAT TOAN CAT NGAN (CHAT) CAN BANG

Thuat toan Cat ngin (chat) can bang BT (Balanced truncation) [1] dugc mé ta nhu sau:

Piu vao: Hé 6n dinh tiém can va téi thiéu (A, B, C, D) ¢ bac n duoc md ta nhu (1):

- Bude 1: Giai hai phuong trinh Lyapunov (3), (4) dé xac dinh Gramian diéu khién (tiép can)
P va Gramian quan sat Q: (P > 0; Q > 0).

AP +PA" =-BB' 3)
A'Q+QA=-C'C (4)
- Budc 2: Phan tich Cholesky cho P va Q thanh:
P=RR' (5)
Q=LL (6)
- Budc 3: Phan tich gié tri suy bién SVD:
L'R=UzV" @)

- Bu6c 4: Tinh ma tran chuyén doi:
T=RVE T =3 L (8)
- Budc 5: Chuyén d6i can bang:

[T°AT,T7B.CT.D] _th A\Z},[Zl},[cl c,]. D} (9)

&1 AZZ 2
- Budc 6: Tinh béc r can giam (r < n)
Piu ra: Hé giam bac 6n dinh tiém can (A,B,C,D) =(A,,B,C,D)
3. THUAT TOAN CAT NGAN CAN BANG H-INFINITY

Thuat toan Cit can bang H-infinity HINFBT (H-Infinity Balanced Truncation) [2] dugc trinh
bay nhu sau:

Piu vao: Hé tdi thiéu (A, B, C, D) ¢6 bac n duge mé ta nhu (1):

- Bude 1: Giai hai phuong trinh Riccati dé xac dinh Gramian diéu khién (tiép can) P va
Gramian quan sat Q: (P > 0; Q > 0).

AP+ PA" + BB'=(1-y*)(PC" + BD")( | + DD’ )’1(PCT + BD' )T (10)
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A'Q + QA+C'C =(1-7?)(B'Q + D'C) (I + D'D) (B'Q + D'C) (12)
Trong d6, 7 1a: Chi phi tdi wu duoc tinh toan trong qua trinh xdy dyng bd diéu khién H-
Infinity (0 <y <1).
- Bu6c 2 = Budc 6: Tuong ty nhu Thuét toan Cit ngin can bang.
Piu ra: Hé giam bac 6n dinh tiém can (A, B, C, D) =(A,.B,,C,, D)
4. THUAT TOAN XAP Xi CHUAN HANKEL

Thuét toan Xap xi chuan Hankel HNA (Hankel-Norm Approximation) [3] duoc trién khai
theo trinh ty sau:
Piu vao: Hé 6n dinh tiém can va téi thiéu (A, B, C, D) ¢6 bac n duoc md ta nhu (1):
- Bude 1: Giai hai phuong trinh Lyapunov dé xac dinh Gramian diéu khién (tiép can) P va
Gramian quan sat Q: (P >0; Q > 0).
AP+ PA" =-BB’ 12)
A'Q+QA=-C'C (13)
- Budce 2: Lua chon bac r can giam.
- Budc 3: Bién d6i Gramian diéu khién (tiép cén) P va Gramian quan sit Q vé dang

b2 . X
P=Q [ | } . Trong d6, o 1a gié tri suy bién Hankel va moi phan tir duong chéo cua 2
o 1

déu 16n hon o .
- Budc 4: Phan vung (A, B, C, D) vé dang:

B
recol-|| v M2 clol (14)
A, A JLB,
- Budc 5: Tinh toan ma tran trye giao U va ma tran F sao cho:
U:=-(c]) B, (15)
F=%'-0"l

r+l

- Budc 6: Tinh toan cac ma tran

A=F' (oA +3A% -0 CUB) =
B -F (3B +0 CU) o
ccs o m (18)

o o (19)

- Bué6c 6: Tinh bac r can giam (r < n)
Piu ra: Hé giam bac on dinh tiém can (A, B, C, D)
5. THUAT TOAN LAP KRYLOV HUU Ti

Thuat toan 1dp Krylov hitu ti IRKA (Iterative Rational Krylov Algorithm) [4] md ta nhu sau:
PAu vao: Hé 6n dinh tiém can va tdi thiéu (A, B, C, D) ¢6 bac n duoc mé ta nhu (1), trong do,
diéu kién dé hé nay co thé hoi tu sau khi noi suy A=A";B=C".

- Budce 1: Khoi tao dit li€u ndi suy ban dau: u(i=1...,r).
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Lap lai 2 Budc sau cho dén khi hoi tu, trc 1a khi cac gia tri riéng (cac cuc) cua hé & budc ndi
suy sau xap xi bang cac gia tri riéng cua h¢ & budc noi suy trude (khong thay doi nira). Moi lan lap,
IRKA thye hién phép n6i suy Hermite ham truyén hé goc. IRKA lay xap xi lap lai cac diém noi suy
t6i uu (chinh 1a céc gia tri riéng hay cac cyc cuia hé giam bac trung gian). N6 bat dau véi r cac diém
noi suy tly ¥, sau d6, tai mdi 1an lap né ap dit diéu kién toi wu can thiét theo chuan Hy:
- Budc 2: Xay dung [A B,C

2,D]:=[W"AV,W'B,CV,D]véi W,V eC™; W'V =1 vatinh:
mV =im[ (-1, -A)'B ... (-1 -A)"B]

ImW =1m[ (-4, -A)"C .. (-x1,-A)C]

- Budc 3: Tinh todn dir liéu ndi suy mdi: (i

(20)
(21)

=1,...,r). Tinh todn mt ma tran kha nghich
X eC™ sao cho X*AX =diag(s,,...,s.) vaddt: B:=X'B, C:=CX, D:=D

Piu ra: Hé giam bac 6n dinh tiém can (A,B,C,D,) =(AB,C,D).

6. GIAM BAC CHO HE THONG DPIEN BAC CAO

Xét mot hé théng dién bac cao dugc mo ta trong tai li¢u [19]. Pay 1a mdt mo hinh cua Hé
thong dién thuc t¢ New England (CEPEL, Brazil). Diém chuén nay dugc mo ta boi tép dir licu
ww_36_pmec_36.mat, 1a mot hé SISO c6 bac 66, gdm 4 ma tran A, B®* C**

D**. Hé thong
nay khong 6n dinh vi c6 mot diém cuc c6 phan thyc dwong.

Nhén xét 1:. Xuat phat tir hai rang budc: sai léch giita hé gdc voi hé giam bac nho cing véi
mong mudn bac duoc giam cang thip cang tot, nhan thiy gia tri Hankel mang ning luong twong
g véi cac bac 10 va 25 1a ti uu cho hé. Tir ddy, nhom tac gia s& ap dung phuong phap chat
can bang BT dé giam d¢ phirc tap ctia hé thong dién bac 66 nay vé bac 10 va 25.

Ap dung 4 phuong phap BT, HINFBT, HNA va IRKA dé giam do phirc tap cua hé thong dién
bac 66 nay bang cac hé thong twong duong bac thap hon. Cac béc giam xuéng la bac 10 va 25.

Tién hanh cai dat cac thuat toan, mo phong thu dugc dap ing xung va db thi bode nhu két qua &
hinh 1, hinh 2, hinh 3 va hinh 4.

Impulse Response

Impulse Response
\
B \
.
- \
o \
\\ \

Hinh 1. Pdp iing xung ciia hé goc (bdc 66) va  Hinh 2. Pdp img xung ciia hé goc (bdc 66) va
cua hé giam bdc (bac 10) swr dung cac thudt cua hé giam bdc (bdc 25) swr dung cac thudt
toan BT, HINFBT, IRKA va HNA. toan BT, HINFBT, IRKA va HNA.
Nhan xét 2: Tir dap tng xung cta hé gbe (bic 66) va clia hé giam vé bac 10 st dung cac thuét
toan BT, HINFBT, IRKA va HNA nhu hinh 1, trong khoang thoi gian mo phong trén, ta co:

- Bap ung cua h¢ giam béc sir dung phuong phap IRKA c6 sai 1éch 16n nhét, n6 chi kha tring

khop véi hé goc trong khoang thoi gian tir 0 + 1,25 (s) va dap img xung cua hé bac 10 bam sat h¢
goc nhat voi thudt toan BT.
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- Céc dap Ung xung cua h¢ giam béc khi s dung phuong phap BT, HINFBT, HNA g'?u} trung
khop voi hé goc nén c6 thé s dung 1 trong 3 phuong phap nay dé thay thé hé goc khi can lam
viéc v6i dap ing trong mién thoi gian.

Nhin xét 3: T dép Gng xung ciia hé gbc (bac 66) va cua hé giam bac vé bac 25 ding cac
thuat toan BT, HINFBT, IRKA va HNA nhu hinh 2, trong khoang thoi gian mé phdng, ta ¢o:

- Tt ca céc hé gidm vé bic 25 khi sir dung cac phuong phap BT, HINFBT, IRKA va HNA
déu bam sat h¢ gdc bac 66.

-Co the sir dung 1 trong 4 phwong phap nay nham ha bac hé gbc vé bac 25 dé thay thé hé bac

66 khi can 1am viéc v6i dap ung trong mién thoi gian.

Bode Diagram

T i i B0

Hinh 3. Biéu d6 Bode ciia hé goc (bic 66) va  Hinh 4. Biéu do Bode ciia hé goc (bdc 66) va
cua hé giam bdc (bdc 10) stk dung cac thudt cua hé giam bdc (bac 25) sir dung cac thudt
toan BT, HINFBT, IRKA va HNA. toan BT, HINFBT, IRKA va HNA.

Nhin xét 4: Tir d thi Bode cua hé gbc (bac 66) va cua h¢ giam vé bac 10 st dung cac thudt
toan BT, HINFBT, IRKA va HNA nhu hinh 3, trong khoang tin s6 mé phong trén, thiy duoc:

- Bap tng cua hé giam béc sir dung phuong phap IRKA c¢6 sai 1éch 16n nhit, va dap tmg cia
hé bac 10 bam sat h¢ goc nhat vdi thuat toan BT.

- Cac dap ung cua hé giam béc khi s dung BT, HINFBT, HNA kha sat vdi hé gbc, sai léch
nhiéu trong khoang tan s6 1 = 8,5 (rad/s) nén co the su dung [ trong 3 phu(mg phap nay dé thay
thé hé gbc khi can 1am viéc véi dap ung trong mién tan sé khac khoang sai 1é€ch nay.

Nhan xét 5: Tu dd thi Bode cua hé goc (bac 66) va cua he_:‘ glarp vé bac 25 sit dung cac thuat
toan BT, HINFBT, IRKA va HNA, nhu hinh 4, trong khoang tan s6 mé phong trén, thay dugc:

- Pap ung cua hé giam bac st dung phuwong phap IRKA khé sat voi dép tmg cua hé gbc.

- Cac dap ng cua hé giam bac khi s dung phuong phap BT, HINFBT, HNA trung khop voi
hé gbc nén co the sir dung 1 trong 3 phuong phap nay dé thay thé hé gbc khi can lam viéc voi
dap tng trong mién tan so.

Bdng 1. Sai 56 tuyét déi theo chudn Hoo cia hé Bdng 2. Sai 56 tuyét déi theo chudn Hoo ciia hé

bdc 10 so véi hé goc bdc 66. bdc 25 so véi hé goc bdc 66.
THUAT TOAN | ||G - G/{lu. THUAT TOAN IG — G/l|n-
BT 0.0020361 BT 4,9759160.10°
HINFBT 0.0053253 HINFBT 511,1156320.10°
IRKA 0.0097525 IRKA 86759,3199160.10°
HNA 0.0029075 HNA 5,9808529.10°

Sai s6 tuyét dbi cua h¢ giam bic theo chuan Hoo ciia h¢ thong bac giam (bac 10 va bc 25) so
v6i hé goc (bac 66) khi st dung 4 phuong phap: BT, HINFBT, IRKA, HNA tuong ting dugc thé
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hién trong bang 1 va bang 2.
Nhén xét 6:

- Sai s6 ctia hé giam béc (ca hé giam vé bac 10 va bac 25) nho nhét khi sir dung phuwong phap
BT, tiép theo 1a HNA va 16n nhat véi IRKA.

- Néu chi quan tam dén sai sO tuyét d6i nho trong 4 phuong phap nay khi giam bac hé gc vé
h¢ bac 10 va bac 25 thi c6 thé str dung 2 thuat toan BT va HNA.

7. KET LUAN

Bai bao gidi thiéu 4 thuat todn giam bac mé hinh d6 1a Cit ngin can bang (BT), Cit ngin can
béng H-infinity (HINFBT), lap Krylov hitu ti (IRKA) va Xap xi chuin Hankel (HNA). Mdi thujt
toan c6 nhimng dic diém riéng va dé kiém ching kha ning giam bac ciia cac phuong phap, nhom
tac gia ap dung tung thuat toan nay vao mé hinh d6i tugng 1a hé thong dién khong on dinh c6 béac
66, dé giam thiéu xuong bac 10 va bac 25. Tir két qua md phong va sai 1éch gitra h¢ gbc bac va
hé¢ giam bac co thé thay thut toan BT cho dap tmg trong mién thoi gian, mién tan s6 bam sat hé
gdc nhat véi sai s6 nho nhat trong khi IRKA sai khac v6i hé gbc 1on nhét trong 4 thuat toan.
Thuat toan HNA loai di cac gia tri suy bién Hankel mang it ning luong ctia hé gbc nén bao toan
dugc tinh 6n dinh cta hé con phuong phap HINEBT c6 thé giam béc truc tiép cho ddi twong
khong 6n dinh ma khong can phan ra hé nhu BT va HNA. Hudng nghién ciru tiép theo ciia nhom
tac gia la danh gia, so sanh cac thuat todn giam béc khac voi cac thuat toan da trinh bay hoac cai
tién, phat trién cac phuong phap méi dap tmg tot cac tiéu chi cho bai toan giam bac mé hinh ddi
tugng bac cao.
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ABSTRACT
Compare and evaluate some order reduction algorithms for high-order power systems

This paper introduces, compares and evaluates 4 model order reduction algorithms
which are Balanced truncation (BT), H-infinity Balanced truncation (HINFBT), Hankel-
Norm Approximation (HNA) and Iterative Rational Krylov (IRKA) for high-order power
system models without stability. The authors apply these algorithms to reduce a system of
order 66" to a system of order 10" and 25". From the simulation results and the
difference between the order reduction system and the original system, it can be seen that
the BT algorithm gives the response in the time domain, the frequency domain closely
follows the original system with the smallest error while IRKA differs the most among the
4 algorithms. The HINFBT algorithm can directly reduce the order of unstable objects
without system decay, and the HNA method retains the high energy Hankel degeneracy
values of the original system, thus preserving the stability of the original system.

Keywords: Model order reduction; Higher order power system; Balanced truncation; H-infinity balanced truncation;
Iterative Rational Krylov; Hankel normal approximation.
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