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GIAI THUAT DPIEU CHE VECTOR KHONG GIAN PWM CHO ULTRA
SPARSE MATRIX CONVERTER THU'C HIEN VOI CARD FPGA
XC3S500E

SPACE VECTOR PWM METHOD FOR ULTRA SPARSE MATRIX
CONVERTER USING FPGA XC3S500E

Tran Vii, Nguyén Vin Nho
PTN He Th(fng Nang Luwong, Khoa Dién-Dién tw, DH Bach Khoa TPHCM
TOM TAT

B bién d6i ma trdn rat thua (Ultra Sparse Matrix converter) bao gom 9 khéa bdn dan don, cé
nhiéu wu diém so véi bé bién doi ma tran truyén théng c6 18 khéa. Vi cau tric 9 khéa don, bo
bién doi ma tran rat thua la dang cdu tric gon nhat. Mdc di gioi han chi cho cong sudt theo
1 chiéu, bé bién doi ma tran rdt thuwa cé cung chat luwong song dau ra nhu b bién déi ma trén
truyén thong. Trong bai bdo toan gidi thudt diéu khién cho b bién doi ma tran rdt thua dwoc
thiét ké hoan toan trén card Xilinx FPGA Spartan-3E XC3S500F. Tinh hiéu qud ciia gidi thudt
duwoc kiém chuirng qua mo phong va thuc nghiém. Cac ket qud thuc nghiém cua xung kich dwoc
s0 sanh véi chudi déng ngdt xung Iy thuyét. Cdc két qua thuwc nghiém séng dau vé, dau ra ciing
dwoc phan tich.

ABSTRACT

The Ultra Sparse Matrix converter (USMC) circuit, which simply consists of nine single
switches, shows a great advantage to a much more burdensome conventional Matrix converter,
which involves a double number of switches. Being due to this least number of switches,
USMC is the most compact design. Despite its restricted requirement of unidirectional power
flow applications, USMC has the same high quality output waveform of conventional Matrix
converter. In this paper, a whole control algorithm of USMC was entirely designed on Xilinx
XC3S500F Spartan-3E FPGA. The algorithm’s efficiency is verified through simulation and
experiment work for switching strategy of USMC. Experimental results of switching gate
signals are shown and compared to theoretical switching sequence. Experimental input and
output waveforms are also analyzed.

I. GIOI THIEU

Khi cang ngay cang c6 nhiéu sy quan tim
vé cac bo bién d6i xoay chidu AC-AC tng
dung cho cac may phat nang luong gi6 doi
héi tinh linh hoat cao. Bo bién d6i ma tran da
thu hut dwoc rat nhiéu su nghién ctru trong
hién tai va tuong lai. Vi cAu tric tat ca déu la
khéa ban dan va khong c6 bat ctr thanh phan
du trlt nang lugng nao, bo bién ddi ma tran co
thé tao ra dang song dau vao, dau ra c6 dang
sin voi hé s6 cong sudt dau vao cé thé dicu
khién dugc. Tuy nhien trd ngai chinh cua b
bién d6i ma tran 1a rat dé gay ra qua ap trong
qué trinh déng ngat; vi vdy mot vai cau hinh
da dugc dua ra cho giai thuat dong ngit va

céu tric don gian hon nhu mot giai phap thay
thé.

Mot sb dang méi cua bo bién ddi ma
tran duoc biét dén nhu: Bo bién d6i ma tran
hai téng hodc 1a BO bién ddi ma tran tﬁng kép
da duoc dé nghi [1][5][9]. Pic biét 1a Sparse
matrix converter voi viéc giam sé khoa chinh
lwu du vao [2],[3].

Ultra sparse matrix converter la dang gon
nhat cta Sparse matrix converter voi 9 khoa
dong ngit don va 18 diodes ciing v6i mach kep
bao gém 1 diode D, va 1 tu C nhu trén Hinh
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1[4]. Uu diém cua Sparse matrix converter so
v6i bo bién d6i ma tran truyén thong 1a giai
thuat dong ngat don gian va an toan hon do
dong ngat bén phia chinh lyu khi dong bang
0, va mach kep bao v¢ cling don gian hon.

Ngay nay cong nghé FPGA cho phép
thuc hién duoc nhiéu giai thuat diéu khién
phuc tap[6][7][8]. Kha ning thuc thi nhiéu
phép tinh song song lam FPGA 1a mdt cong
nghé cho nhitng hé thdng diéu khién doi hoi
dap ung nhanh va do chinh xac cao. Trong
bai béo, giai thuat diéu ché vector khong gian
cho Ultra Sparse Matrix converter dugc thuc
hién trén card Xilinx XC3S500E Spartan-3E
FPGA. M6 hinh m6 phdng cho Ultra Sparse
Matrix converter duoc xay dung su dung
MATLAB/Simulink.

Mo hinh phan cimg ctia Ultra Sparse Matrix
converter duoc xdy dung dé kiém chtng tinh
kha thi thuc té cua giai thuat. Nhimg két qua
thuc nghiém vé xung kich dugc tao ra boi card
FPGA cua tang chinh luu va nghich luu duoc
dua ra va so sanh véi chudi xung kich déng
ngat cua giai thuat. Cac két qua thuc nghiém
vé dang song dau vao dau ra cua giai thuat
diéu ché vector khong gian ciing dugc phan
tich.

Vdc_p

D ¥

isa isb isc

Vsa Vsb Vsc

Hinh 1. Ultra Sparse Matrix converter

II. PIEU CHE VECTOR KHONG GIAN
A. Phuwong phdp PWM cho tang chinh luu:
Dién ap ba pha dau vao:

V., =V,cos8, = V,_ cos(w;t)
iV, =V, cos8, = V cos(w;t —120) (1)
ll =1, casE’ =T cos[u t+120)
Voiw,

- tan so goc cua ap nguan dau vao
Véi: tan s6 gdc cua ap ngudn dau vao

Chu ky cta dién ap ba pha dau vao dugc chia
thanh 6 khoang nhu ¢ Hinh 2.

4

Vsb

Hinh 2.
vao

Sau khoang chia ctia dién ap ba pha dau

Gia st tai thoi diém 1dy mau dién ap ba pha
dang nim trong khoang 1 thugc doan [-n/6,
n/6]. Trong khoang nay do lon dién ap Vsa
16m hon dién ap Vsb va Vsc.

Do vy trong sudt chu ky dong ngit thudc
doan [-7/6, /6]. Khoa S_s& dong duy tri trong
mot chu ky va 2 khoa con lai S, vaS_sé dong
v6i ty s6 dong cit d, vad nhu sau[l]

I cosf Vi cosO
dy=——=——2 d .= - —=——=X(2)
Vea cosf, |7 cosf,

Khi khoa S, duoc dong, dién ap Vs bang
dién ap V V0’1 ty 0 d, . Khi khoa S, dong,
dién ap V s& bang dién ap V. v6i ty s0 d..
Gia tri trung binh ap V_trong mQt chu ky sé
la:
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Vde = dp. (Voq = Vep) + de(Voq — Vi) (3)

Thé (1) va (2) vao phuong trinh (3), gia tri
trung binh di¢n 4p V _trong mot chu ky thu
duoc nhu sau:

Vde = 3V ')
T |cosd,|

Tong quat gié tri trung binh ap V 4 trong mot
chu ky sé la:

3Vm [
2.cosb;y, ©)
Véi cos(8;,) = max(|cosd,|, |[cosby|, |coso.|)

Vde =

Bang 1: Trang thai dong ngit ting chinh
luu

Vsa>Vsc| Vsa | Vsc [Vac|idc| O |[-idc
Vsa<Vsc| Vsc | Vsa [Vca|-idc| 0 |idc
Vsb>Vsc| Vsb | Vsc [Vbc| 0 [idc |-idc
Vsb<Vsc| Vsc | Vsb [Vcb| O |[-idc| idc
1 1 0|Vsb>Vsa| Vsb [ Vsa |Vba|-idc|idc| O
Vsb<Vsa| Vsa [ Vsb |Vab]|idc|-idc| O

Vdc_p: dién thé nhanh trén cua ting chinh luu.
Vdc_n: dién thé nhanh dudi cia ting chinh luu.

B. Phuong phdp diéu ché vector khéong gian
cho tang nghich luu

Tuong tu nhu phuong phap diéu ché vector
khong gian cho nghich Iuu 2 bac, thoi gian
dong ngit T, T, and T s€ dugc tinh toan khi
vector khong gian ap quay voi dién ap DC
trung binh cua tang chinh luu 1a .

Hinh 3.  Gian do vector khong gian ap dau ra . Sy
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thay doi gia tri trung binh cua dp DC theo chu ky dong
ngdt lam thay d6i dwong kinh Iuc giac, pham vi thay
d6i xac dinh boi vung to dam.

Tuy nhién gia tri trung binh di¢n &p DC thuc
sula ,dovaygid tr1 thoi gian T, T, s€ dugc
nhan them véi hé s6 dé bu cho su chenh Iéch
so v&i gid tri thuc sy cua dién ap.

2
T, =T, xd, = NG m, sin(60 — 6y)T, X cosb,,
T. T, Xd 2 in(fy) Ts X o ©
2 = s 2 = = My, St By) I €o0SGy
V3
Th=T-T1 - T,

_ [uel

,. M
Véi Y vm

- ty sb diéu ché ap dau ra
0,: gbc quay cua vector khong gian ap

O tang chinh luu, gia tri dién 4p V, co 2
khoang gia tri, Pi¢n ap V, s€ bang V trong
khoang Td, voi ty so dong cit d, Va V
bang V _ trong khoang Td, voi ty 5O dong
cét d, nhu duoc dién ta trong Hinh 4. O tang
nghlch lwu gia tri thoi gian dong ngat T,T,
T, tuong img voi cac vector V|, V,, V, cung
s& duoc phan phdi trong 2 khoang nay.

Gi4 tri thoi gian dugc phan phdi trong
khoang Td,:

—cos6y

LLH

—CO0S

T2b=T2><db=T2>< cos
x % Hb-d —dyxd
rosg (on = do )

Tip =Ty xXdp =Ty X i (dyp = dy X dyp)
i (dap = dp < dp) (7)

Top =To X dp =Ty

Gia tri thoi gian dugc phan phéi trong khoang
Td:

—cos0,

Ty =Ty xd, =Ty % cosh, s (dye=dy xdy)
—cos8,

Toe =Ty xd. =T, % cos6, i{dic=dyxd;) (8)
—cos6,

TOC :TO X dc = TO X COSQa ;(doc = d0 Xdc)

Tir gian d6 phdi hop dong cét ta thay khi phia
tang chinh luu chuyén mach tir dién ap Vab
sang di¢n ap Vac thi phia nghich luu dang didu
ché vector , do do dong i, bang 0. Diéu nay
cho thiy trong sudt quéa trlnh chuyen mach &
tang chinh luu dong i,. luon bang 0. Vi vay
tat ca cac khoa tang Chll’lh luu déu dugc dong
ngit ¢ thoi diém dong bang 0.
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g Ts
d *dl’ B TS*dC b
Chinh
luu vab Vac
db ----------
I 1
dop+dys oo : ...... : _____ d.
dnb —— __l_______l --------- dU[+d1E
) TONL AN
Nghich ! ! ! ! L Ll
luu Vo Vil Ny 1V !V [Vl Voo iV,
Hinh4. Gian do phdihop déng cit givra tang chinh Iru va nghich Ivu

C. Hé so cong sudt dau vao cua Sparse
Matrix converter

Dong tai ba pha c6 dang nhu sau:

iy =1lycosB,; = Igcos(wyt + @g)
ig = Iycos(8,; — 120) = Iycos(wyt + o — 120)(9)
ic =1Igcos(8y; +120) = Iycos(Wot + ¢ + 120)

Gia sir tai tang nghich luu vector khong gian
dang nam trong Sector 1, dong i « S€ bang
dong tai 1A, -1C va 0 khi phia nghich luu
diéu ché tuong tmg vector V,, V,, V. Vi vay
Gia tri trung binh dong idc trong mot chu ky
s€ la:

Lig— Tig
lac _avg ﬁ
2m,,Iycosf
= V0 " M 6in(60 — 8,) cosb,; — sindycos(f,; + 120)]
=m,l, cos(8, — 0,;) cosb;, = m,I,cos¥ cosb;, (10)

(¥: goc I&ch pha giira ap taiva dong tai)

O phia chinh luu d6 16n cia dién ap pha A
12 16m nhét trong khoang 1 thudc doan [-n/6,
/6], vi vay khoa S, s€ dong duy tri trong mot
chu ky va 2 khoa con lai S, va S_ s€ dong
trong d, va d, nhu vay dong ba pha dau vao
thu duqc nhu sau:

lgq = idcavg = mylycos¥ cosb,

mylgcos¥ costy,

(11)

tsp =r—dplgc,,, =

oo = —dcidcwg = mylycos¥ cosf,

So sanh giita dong dau vao (11) va 4p ngudn
(1). Dong dau vao luén cung pha véi ap
ngudn, do vay hé s cong suat ddu vao cia
Sparse Matrix luon duoc giit bang 1.

III. THIET KE FPGA CUA ULTRA
SPARSE MATRIX

Khéi diéu khién giai thuat diéu ché vector
khong gian dugc phat trlen cho Ultra Sparse
Matrix converter bao gom 2 khdi diéu khién
chinh: Khi dleu khién tang chinh luu va khbi
diéu khién tang nghlch luu nhu duge miéu
ta trong Hinh 5. Tan s6 déng ngit cta Ultra
Sparse Matrix converter f_1a 10kHz.

Khoi dicu khién tang chinh luu thye hién
phuong phap dong ngat PWM cho tang chinh
lru. Khéi diéu khién tao ra xung kich cho cac
khoa Sa, Sb, Sc va chuyen ty s6 dong ngat cia
tang chinh luu t6i kh6i diéu khién tang nghich
lwu. Trong khdi diéu khién tang nghich luu,
giai thuat diéu ché vector khong gian dugc
thuc hién va thoi gian dong ngit cta vector
khong gian dugce phan phoi twong tng voi
ty s6 dong ngat nhén dugc tu tang chinh luu.
Khéi diéu khién ting nghich luu tao ra xung
kich cho céac khoa SAp, SAn, SBp, SBn, SCp,
SCn cuia tang nghich luu.

A. Khoi diéu khién tang chinh luu

Trong khéi diéu khién tang chinh luu c6 2
khéi: khéi tinh toan ty s6 dong ngat va khoi
tao xung kich tang chinh luu.

Khoi tinh todn ty sé dong ngdt ciia tang chinh
luu

Dua trén gia tri tirc thoi do dugc cua ap ngudn
3 pha , gia tri Maximum(|Vsal,|Vsb|,|Vsc|),
Medium(|Vsal,|Vsb|,|Vsc|) va
Minimum(|Vsal,|Vsb|,|Vsc|) dugc xac dinh.
Sau do6 tin hi€u logic Max,Mid,Min dugc dua
ra cho mdi pha dé nhan biét trang thai rn01 pha
1a Max,Mid hay Min. Va ty s6 dong ngit tang
chinh luu dugc tinh toan nhu phuong trinh

(2).
Khoi tao xung kich tang chinh hiu

Khéi s& tao ra xung kich déng ngit cho tang
chinh Iuyu. Khéi tao xung kich s& nhan thong
tin Max,Mid,Min vé trang thai dién ap ba pha
Vsa,Vsb,Vsc va ty s0 dong ngat da dugc tinh
toan tir khéi tinh ty sé dong ngit & trude.

< Tsxdl L Tsxd2

) Vde = [VMax — VMid| "7 Vdo= MMax—VMin|

VMax, VMid, VMin = Max, Mid, Min(|Vsa, Vsb, Vsc|)
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O phia chinh luu c6 2 khoéng dong nga"lt
Duya trén sy so sanh gilra gid tri tirc thoi cua
Timer va khoang dong ngat dé xac dinh gia
tri Timer dang nam trong khoang dong ngat
nao, va két hop véi tin hiéu Max,Mid, Min dé
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do’ng nhirng khoa thich hop [VMax — VMid|
va ]VMax VMin| s€ la gia tri dién ap DC v6i
ty sO dong ngat d1 va d2. Gia tri trung binh

cua dién ap DC trong mét chu ky dong ngit
da duoc dién ta trong phuong trinh (5).

Sa
v Va Max 3 Max Sa Sa Timer SAp SAp
a
b Vb Mid 2 Mid Sb Sb ™ 20 SAn SAn | Sb
Ve Min 3 Min Sc Sc ™ 2 Tx2 SBp SBp
Ve 8 8 20 Sc
d1 d1 di d1 ™ v SBn SBn
Cosbin Timer Cos8in 8 Cosbin T2 2 Ty2 SCp SCp SAp
7 2 trn SCn SCn
Khéi tinh ty s6 Khéi xung kich . 20 T2 SAn
déng ngat chinh luu B
Sector Sector SBp
o Khéi xung kich
Khoi tinh Vector nghichgluu SBn
KHOI BIEU KHIEN TANG CHINH LUU KHOI BIEU KHIEN TANG NGHICH LUU sCp
XC3S500E FPGA SCn

Hinh 5.
Matrix converter

B. Khoi diéu khién tang nghich luu

Kh01 diéu khién tang nghich luu c6 2 kh01
khdi tinh toan vector khong gian va khdi tao
xung kich tang nghich luu.

Khéi tinh todn thoi gian déng ngdt vector
khong gian

Trong khéi nay, vi tri sector ctia vector khong
gian tham khdo duogc xéac dinh b?mg cach do
goéc quay 6. Con thoi gian dong ngét cua
vector khong gian dugc tinh theo (6) va duoc
phan ph01 trong 2 khoang dong ngit tuong
tmg voi ty sb dong ngit cua tang chinh luu
nhu (7), (8).

Khoi tao xung kich tang nghich leu

Khbi tao xungkich tang nghlch luu nhan thong
tin vé vi tri sector va thoi gian dong ngat da
duoc tinh toan tir khéi tinh toan vector khong
gian dé dua ra nhitng tin hiéu déng ngit cho
tang nghich luu.

Bang cach sir dung phuong phap déng ngat
s6 cho nhitng khoa nghich luu, gia sir vector
khong gian tham khao dang & vi tri sector 1 thi
thir tu ctia chudi dong ngat cho Ultra Sparse
Matrix converter twrong rng nhu bén dudi:

TOXdl/2 — TIXdl/2 — T2><d1 — T1><d1/2 — T0/2
— T1><d2/2 — T2><d2 — T1><d2/2

Khdi diéu ché vector khong gian PWM thiét ké trén FPGA ctia Ultra Sparse

. Tsxdl L Tsxd2 R
IO OO

TOxdl T1xdl T2xd1 T1xdl TOxd1T0xd2T1xd2 T2xd2 T1xd2T0xd2
2 2 2 2 2 2 2 2

bong ngit s cua chu01 dong ngit trén trong
khdi tao xung kich tang nghlch luu dugc
thuc hién bang cach so sanh gia tri tirc thoi
cua Timer véi nhung tong cua nhiing khoang
dong ngit dé xac dinh gia tri Timer dang ndm
trong khoang dong ngat nao, va sau do dua
trén bang tra két hop vai thong tin vé vi tri
sector dé phan phdi nhig xung kich thich
hop t6i nhitng khoa ting nghich luu.

IV. KET QUA MO PHONG

M6 hinh mo6 phong cho Ultra Sparse Matrix
Converter duoc xay dung béi MATLAB/
Simulink

Thong sé mo phong cua Ultra Sparse Matrix
converter nhu bang bén dudi:

Ap ba pha dau vao 380V/50Hz

Tai cn bang ba pha RL |R=15Q, L=30mH
Tan s6 dau ra 60Hz

Ty sb diéu ché 0.8

Tan s6 dong cit 10KHz

Nhitng két qua mod phong cua Ultra Sparse
Matrix Converter dugc trinh bay trong Hinh
6.



[v] 800

400

200

0 : :
0 0.005 0.01

0.015 0.02 0025 003 0035 004
Ap taipha A [=]

0 0.005 0.01

0.015 0.02 0.025 0.02
Dong tai ba pha [s]

003 004 005 008 007

0.02 0.08
Dong dau vao, ap dau vao pha & [s8]
Hinh 6. Két qua mo phong cua Ultra Sparse Matrix
converter

V. KET QUA THUC NGHIEM

So d6 diéu khién FPGA cho Ultra Sparse
Matrix dugc trinh bay nhu Hinh 7. M6 hinh
thiét ké phan cung cua Ultra Sparse Matrix
trén Hinh 8.
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Mach lai cho céc khoa link kién

[ Sensor 7 o ) XC3S500E FPGA
Ap —>

d1

Khéi diéu
khién ting
chinh lwvu

Khéi diéu
khién tang
nghich lwu

CosBin

Hinh 7.
Matrix.

So d6 khdi diéu khién cua Ultra Sparse

Hinh 8.

M6 hinh thyc hién phan ctmg cta Ultra
Sparse Matrix.

Card FPGA XC3S500E Spartan -3E cua Xilinx
dugc sir dung dé thuc hién giai thuat didu ché
vector khong gian cho Ultra Sparse matrix.
Port m¢ rong trén card FPGA XC3S500E
Spartan-3E duoc ndi t6i mach ADC va mach
141 IGBT. Mach ADC str dung IC AD7864 va
mach lai IGBT duoc thiét ké dya trén opto
quang TLP251 d¢ cach ly mach dleu khién va
mach cong suat. Khdi cong suat ciia Sparse
Matrix st dung 9 khéa IGBT GT60M323.
Gia tri tirc thoi dién ap ba pha dau vao duogc
do boi 3 cam bién ap LEM LV 25-P.

Tai nguyén logic dugc sir dung dé thiét ké giai
thuat diéu khién trén FPGA cho Ultra Sparse
Matrix nhu bang dudi:
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Design Summary

Target Device : xc3s500e

Target Package : £g320

Target Speed : -4

Number Slice Registers: 280 out of 9,312 3%
Number of occupied Slices:3,716 out of 4,656
79%

Number of 4 input LUTs: 7,314 out of 9,312
78%

Number of bonded IOBs: 7 out of 232 3%

Number of BUFGMUXs: 2 out of 24 8%

Number of MULT18X18SIOs: 7 out of 20 35%

(K
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Thong s6 thuyc nghiém cua Ultra Sparse
Matrix converter:

Ap ba pha dau vao 55V/50Hz

Tai can bang ba pha RL |R=30Q, L=30mH
Tén s6 dau ra 40Hz

Ty sb diéu ché 0.7

Tan s dong cat 10KHz

Loc dau vao L=1mH, C=20uF

Céc xung kich thyc nghiém SAp,SBp,SCp ctia
tang nghich luu nhu trong Hinh 9. Xung kich
thuc nghiém trong Hinh 9b da trung khép véi
chudi déng ngat phia nghich luu nhu trong
Hinh 4.

Céc xung kich thuc nghiém cua tang chinh luu
dugc dua ra trong Hinh 10. Nhu thiy trong
Hinh 10b, khoa Sa ¢ trang thai ON trong sudt
mot chu ky trong khi khoa Sb va Sc thay doi
trang thai dong ngét trong mot chu ky. Diéu

nay phu hop v6i phuong phap PWM cho tang chinh lwu da duoc trinh bay trong phan I1.

Tek .M. @i M Pos: 0,000
+
M
21
3 IL."WJ”IN]II
CHZ 2000 M 250ms Ext e Al

CH3 2.00v T=Mar-10 1401

@

Tek i @ Stop M Pos: 0.000s
+
ot
._..H._H,J - L.J— =
. i
) . i .
T T T

CHz 2.00% M 25,005
1-Mar-10 1355

Ext JL 1564

CH3 2.00v <10Hz

(b)

Hinh 9. Cac xung kich thuc nghiém SAp,SBp,SCp cua tang nghich luu.

(a) Quan sat trong 1 chu ky (20ms).

Tek i @ Stop M Pos: 000 s
+

CH2 2.00% M 250ms
T=Mar-10 1431

Ext R Al
CH3 2.00%

@

(b) Quan sat chi tiét

Tek ..  @siop M Pos; ~33.00s
+
0171]
[Coase]
v

CH2 2.00% M 25.0ms
1-Mar-10 1553

Ext JL 1564

CH3 2.00% 10Hz

(b)

Hinh 10. Céc xung kich thuc nghiém Sa,Sb,Sc ciia tang chinh luu.
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(a) Quan sat trong 1 chu ky (20ms). (b) Quan sat chi tiét

Tek JL. @ Stop M Pos: —300.0us
+*
L]
0ff
Bé
ICoarse]
M 2.50ms

Refd 1.00Y 50008 RefB 1.00% 50008

Hinh 11. Dang song ap DC tang chinh luu

Tek  Jl. @5 M Pos: 1180ms Tek 1. ®@smp Pos: 256.0H2 MATH
+ -

Operation

01 Se

L

window

Flattop)

I
FFT Zoom
01

1 5.00ms Ext IL -352my CHT 10.0dE  50.0Hz (1.00kS/s) Flattop
25-May-10 1403 <10Hz 10-May-10 17:55 <10Hz

(a) (b)
Hinh 12. (a) Dang song &p pha cua tai. (b) Pho FFT ap pha

Tek Sl @ stop M Pos: 1260ms Tek L. @5t Pos: 256.0Hz DISPLAY
+ +

Persist

Format
[1'T]

M 5.00ms Ext Il -552mi CH110.0d8  S0.0Hz C1.00KSAs» Flattop
2-May-1013:36  <10Hz 10-May-10118:42  11.2562kHz

(a) (b)

Hinh 13. (a) Dang song 4p day cua tai. (b) Pho FFT ap day

Tel: g & 5up M Pos: 22.60ms Tek i ®sp Pos: 250.0Hz MATH
+

Operation

Source

windaw

i I FFT Zoom

CH2 1,00 M 5.00ms CHT10.0dB  50.0Hz C1.00KS/s» Flattop
CH3 1.00v T-dul-10 2105 10-May-1020:05  383.277Hz

(a) (b)
Hinh 14. (a) Dong tai ba pha RL. (b) Phd FFT dong tai
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Tek L. ® Stop M Pos; -5.200ms

CH2 5.00% 14 5.00ms
15=dul=10 2010

(2)

Tek .. [ ] StoD"

CHIT0088  S0.0He c1.00k5/) ' Flatap

Paos: 242.0Hz MATH

Operation
Fr]

SSSSSS

153=Jul-10 2012

(b)

Hinh 15. (a) Dong dau vao va ap dau vao. (b) Phd FFT dong dau vao

Hinh 14a cho thay song dong tai cé dang sin
va ph6 FFT cua dong tai khong c6 hai bac
thép. Dong dau vao va ap dau vao trong Hinh
15a ¢6 d¢ léch pha thap, xac dinh boi chon
thong s6 mach loc dau vao.

VI. KET LUAN

Trong bai bao nay nhiing két qua mo phong
cua giai thuat dong ngét da duogc trinh bay va
thiét ké FPGA cua khoi diéu ché vector khong
gian cho Ultra Sparse Matrix converter da
dugc dua ra. Toan b giai thuat diéu khién cho
Ultra Sparse Matrix converter duoc thiét ké
trén FPGA vi vy cac phép tinh dugc thue thi
song song va tdc do tinh toan duoc cai thién
dang ké. Két qua cac xung kich thuc nghiém
dugc tao ra boi card Xilinx XC3S500E
Spartan-3E FPGA phu hop v6i chudi déng
ngat cla giai thuat. Két qua thuc nghlem cho
thay kha nang tao ra dang song dau vao, dau
ra c6 chat luong cao v4i hé sb cong sudt dau
vao ludn gitr duoc bang 1 cua Ultra Sparse
Matrix.
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