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TOM TAT
Bai bao trinh bay cdc nghién ciru trong linh vuc xit Iy tin hiéu cua hé thé'ng bam sat myc tiéu

trén thiét bi bay tw ddan hong ngoqi. Bai bdo tién hanh phdn tich ly thuyet xdy dung so do cdu
triic va mo ta nguyén ly hoat dong ciia b loc dong bé trong mién tan sé thap va mién tan soé cao,
dwa ra mé hinh todan hoc thuc hién tong hop bo loc nay. Cac két qua mo phong, duoc thuc hién
trong moi truong Matlab/Simulink va Altium la co so thiet ke mach dién cua bo loc dong bo
phuc vu thiét ke bang mach hi¢u chinh bam sat trong co cau phong madt dat cua thiét bi bay tu
dan hong ngoai.
Tir khéa: Loc ddng bo; Thiét bi bay tw ddn hdng ngoai; Xir Iy tin hidu.

1. MO PAU

Trong khbi dién tir co céu phong mit dét cua thiét bi bay tw dan hong ngoai, bo loc déng b
nam trong thanh phan tuyén tao tin hiéu din VBox ché d6 “I” (tin hiéu bam sat myc tiéu) co chirc
nang loc 1ay phan tin hiéu hinh sin 100 Hz tir tin hiéu hiéu chinh CK [1, 2]. Tin hiéu dan YBox sé&
dugc cép 1én thiét bi bay dé dit con quay dau ty dan léch khoi huéng dang bam sat. Néu tuyén
bam sat cua con quay ché ap duoc tin hiéu dan Yeox duoc thi cic bd ngudng s& bt dau danh gia
céc diéu kién ph(’)ng dugc cho thiét bi bay tu dan hong ngoai.

Khi giai quyét bai toan tach (loc) tin hi€u bam sat c6 chu ky biét trudce ra khoi t6 hop tin hidu
va nhidu, mot trong nhirng giai phap téi vu 1a tng dung bo loc dong bod (Synchronous Filter). Bo
loc nay hoat dong dua trén nguyén 1y dong bo hoa tin hiéu vao vdi mot tin hiéu tham chiéu
(Reference Signal), gitp loc ra cac thanh phan tin hi¢u c6 cing tan sd va pha véi tin hi¢u tham
chiéu, ddng thoi loai bo cac thanh phan khong mong mudn. Nguyén 1y loc ddng bd duoc xay
dung boi V.P. Tepin [3], D. Frey [4] va mot s6 tac gia khac [5, 6]. Trén co s¢ nghién ctru mot
nguyén mau bo loc dong b trén khdi dién tir cia co cAu phong mit dat [2], nhom tac gia da tién
hanh thiét ké “ngu:(jc dé xac dinh thuét toan xt 1y loc tin hiéu. Tur d6 lam chu thiét ké, ché tao
mau bd loc ddng bd twong dwong. Bai bao nay trinh bay tom tit co s ly thuyét, phan tich
nguyén ly, xdy dyng m6 hinh va m6 phong mot bo loc dong bo trong hé thong bam sat myc tiéu
clia co cau phong mit dat va mot s két qua thiét ké mach dién thuc té da dat dugc.

2. TONG QUAN VE LOC PONG BQ

2.1. Nguyén ly hoat dng ciia bd loc dong bd

Bo loc‘ déng bd sir dung mot tin hiéu tham chiéu véi tin s va pha nhét din}} dé déng bo voi
tin hi¢u dau vao. Chi nhiing tin hi¢u c6 cung tan so va pha‘ véi tin hiéu tham qhiéu s¢ duoc loc va
gitt lai, trong khi cac tin hiéu khac sé& bi loai bo. Bo loc‘dén’g bd c6 ngudn goc tur :b(f) loc’N-kénh
[7]. Cac bd loc dong bo loai nay hoat dong trong dai tan s6 rong va c6 h¢ s6 pham chat Q cao
hon va 6n dinh hO’I"l S0 voi bd [QCNLC hoac bd ql(,)c RC tich cuc, bd loc thach anh. Tan s6 cong
huodng cua b loc dong bd co thé dé dang thay doi trong mdt pham vi dai rong [4].

Sau day, ta s& khao sat nguyén ly xdy dung mot bo loc déng bo. Hinh 1.a thé hién so dd mot
bd loc ddng b cac tu dién C,C,,....C, ndi véi cac khoa K., K,,...,K, . Mdi tu dién dugc Kkét
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nbi voi dién tro tich phan R trong khoang thoi gian At tuong tmg véi xung chuyén mach dong
b6 tan s6 fi dé diéu khién mé khoa K, K,,...,K . Diéu kién tién quyét dé bo loc dong bo hoat
dong chinh xéac 1a tin hiéu dong bd c6 tan sé dong md f, cua cac khoa K, K,,...,K, bang n
lan tin sb trung tdm cua tin hiéu tham chiéu fy, tirc 1a:

f

f,=—"%. 1

0= 1)
Gia thiét dién dung clia céc tu dién bang nhau C, =C, =...=C_=C; chu ky ciia cic xung
diéu khién bang nhau f, = f, =...= f_. Trong d6: n 1a sb tu ciia mach loc; f, 1a tan s6 lap lai

clia xung dong bo.

Khi cép tin hiéu diéu hoa dang hinh sin tan s6 thip dén dau vao bo loc, tai mot thoi diém bat
ky chi c6 mét tu dién duoc két ndi véi day chung nén tin hi€u dau ra cia bo loc chinh 1a dién ap
trén tu dién nay (hinh 1.b). Trong trudng hop tin hiéu vao bd loc c6 kém theo nhiéu tan so cao thi
nhic¢u nay s€ bi ché ap do sy 1énh pha cua xung nhicu véi xung dong b dong moé khoa K. Tur do
cai thién h¢ so tin/tap ctia b loc. Dua trén co sé nay, cé thé thu dugc dap ung bién do tan so cla
bd loc dugc thé hién trén hinh 1.c. Pap tng bién do theo tan so cua b loc dong bo tai tan so thap
giong nhu dap tng ctia bo loc thong thap RC bac nhat nhung voi hang so thoi gian 16n hon
(7 =nRC) va dai théng hep hon.

Dai thong cta bo loc ddng bd dugc tinh theo cong thirc [3]:

1
Af = 2
7nRC
Ham truyén dat cua bo loc déng bd dugc tinh theo cong thurc:
1—
K(wT) = b @)

1- et
_At
Trong d6: =€ RC la hé s6 trong luong; @ la tan s6 goc cua tin hiéu dau vao; T, = T la
k
chu ky cua tin hiéu dong bo. Viét lai (3) dudi dang:

K () = P @
1- p(cosawT, + jsinwT,)

Tir (4), nhan thiy rang hé s6 khuéch dai K (@T) sé& dat cuc dai tai mién tan s cao 13 bdi cua
tan sb trung tam f0 cua tin hiéu tham chiéu, tire 1a:

_2mrx

max

;voi m=1,2,3,... (5)
2

Tai cac tin s cao khong phai 1a bdi cua tin sb trung tdm f, thi hé s6 khuéch dai
K(wT) ~0. Do hinh dang dic trung cta dic tinh tin sb cia bd loc dong b tai mién tin sb co

dang "rang lugc" nhu trong hinh 1.d va dugc sir dung dé c6 lap hodc ché ap nhiéu cua tin hiéu
tuan hoan. Hé s phérn chét cua bo loc déng bd & tan sb trung tdm f, dugc tinh theo cong thirc:

Q= ;—; = 7nRCf, (6)
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Hinh 1. So d6 bg loc dong bé.

2.2. X4y dwng mé hinh b loc ddng bd va mé phong

Trén co s¢ phén tich 1y thuyét va khao sat thuc t&, nhom tac gia di thuc hién xdy dung mé
hinh m6 phong bd loc dong b trén mdi truong Matlab/Simulink nhu mé ta trong hinh 2. B¢ loc
ddng bo dugc xay dung v6i tin hiéu tham chiéu ¢6 tin s6 mong rr}uén fo = 100 Hz. B6 loc dugc
xdy dyng trén cac phan tir R1, C1, Cy, Cs, C4 (n=4); cac khoda chuyén mach 1y tuwong (Ideal switch)
v6i 4 nhanh song song tao thanh b dém vong; 4 tin hidu dong bo hoa c6 tin sb f. =400Hz
1éch pha 90°. Céc thu vién dugc str dung dé xay dung mo hinh mé phong bo loc déng bo la DSP
System Toolbox, Simscape, Simulink.
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Hinh 2. M6 hinh Matlab/Simulink ciia bo loc déng bo.
Dé khao sat kha nang ché ap cua bo loc dong b véi cac tan sd xung quanh 100 Hz, nhom tac

gia tién hanh khao sat phan tng cta bo loc khi tin hiéu vao c6 tan sd lan lugt sin50 Hz; sin 100
Hz va sin 150 Hz va tién hanh phén tich ph6 véi dai tan s6 dau vao dén 1,0 kHz. Két qua mo
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phong dugc thé hién trén hinh 3 va hinh 4.
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a. Dang séng vao/ra khi tin hiéu dau vao dang hinh sin 100 Hz.

v T/hvao v T/hvao
a T N
0 |
2
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b. Dang séng vao/ra khi tin hiéu dau vao C. Dang song vao/ra khi tin hiéu dau vao
dang hinh sin 150 Hz. dang hinh sin 50 Hz.

Hinh 3. Dang tin hiéu dau vdo va tin hiéu dau ra cia bg loc déng bé.

Khao sat trong mién tan sd, ta thu duge dic tuyén phé tin hiéu dau ra cta bod loc déng b6 nhu
trong hinh 4.

¥ Harmonics
0 Num. Harmonics: 10
20 | 1 { {4 Label harmonics
40 | # Freq. (kHz) Power (dBW)
= 1 0.0976562 -20.71
% 60 I - Freq. (kHz) Power (dBc)
by 2 0.183105 -95.40
£ 80 3 030517 49,65
“-71 00 4 0.390625 -Inf
5 0.500488 -62.06
120 6 0.585937 -Inf
7 0.695801 -74.04
140 8 0793457 Anf
9 0.90332 -89.54
0 01 0.2 0.3 0.4 0.5 10 0.98877 Inf
Freq. (kHz)
a. Pho tin hiéu dau ra bo loc. b. Do loi cua tin hiéu dau ra.

Hinh 4. Phdn tich phé ciia tin hiéu dau ra bé loc dong bo.

Khi khao sat cac hai lan can tan s fo = 100 Hz trong hinh 4.a, va bang tham chiéu d6 loi cua
b loc ¢ hinh 4.b, ta thay cac hai 1&n cén tan so trung tam fo = 100 Hz déu bi ché ap manh. Véi
bd loc dong bd cb cau tric va tham s6 dd mé phong (hinh 3), ta c6 thé loc dugc tin hiéu tham
chi€u hinh sin100 Hz c6 d6 tin cdy cao voi dai thong hep.

Nhan xet:

- B::Tlng cach chon n, R va gia tri dién dung C, c6 thé thu duoc hé sb phém chat Q mong muén.
Trong cac mach thyc t€, so n tu di€n chuyén mach thuong dugc chon tir 3 téi 5.
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- Bo tao xung chuyén mach dugc thuc hién nho bo dém vong (thanh ghi dich c6 phan héi)
hodc by dém nhi phan véi bd giai ma.

- Bang cach thay ddi tan sb cua cac xung chuyén mach, ta c6 thé thay dbi tin sé cong hudng
ctia bo loc va giir bing thong cb dinh khong d6i. Bing cach thay doi dién tro cta dién tr6 R hodc
dién dung C cua tu dién chuyén mach, ta c6 thé thay ddi dai thong trong khi tan s cong hudng
khong doi.

3. THU NGHIEM, PANH GIA CHAT LUQNG MACH LQC PONG BQ
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a. Mach loc déng bo trén Altium. b. Thir nghiém mach loc dé‘ng bo.

Hinh 5. Thiét ké va thir nghiém mach loc dong bé.

_ Trén co s¢ phan tich va khao sat bo loc~déng bd thong qua cac mo hinh Matlab/Simulink va
két hop voi nghién ciru khao sat nguyén mau b loc dong b trén bang mach tin hiéu hiéu chinh
CK thé h¢ ct cua lién bang Nga st dung linh kién thu dong bong ban dan transistor [2], nhom tac
gia da tién hanh thict ké nguoc, ch§ tao lgéng’ mach dién chirc nang ctia bd loc dong bo sur dung
cac vi mach thuat toan trén phan mém thiét ké mach Altium (hinh 5.a).

Dang song tin hi¢u vao-ra cua bd loc df)ng bd st dung linh kién thu dong bong ban dan
transistor thé hé cii [2] Vv6i tin hiéu tham chiéu ¢6 tan s6 fo = 100 Hz duwoc md ta trén hinh 6. Tin
hiéu dau ra cua bo loc ¢co tan s trung tdm la 100 Hz v¢i dai thong do duoc dat 1 + 0,35 Hz.

A RN

Tin hiéu vao Tin hiéu ra

Hinh 6. Dang séng tin hiéu vao- ra ciia bé loc dong bo thé hé cil.

Qua trinh trién khai thur nghiém, danh gia kha nang lam viéc ctia bang mach loc déng bo thé
hé mdi sir dung vi mach thudt toan thé hién trong hinh 5.b. Két qua thur nghiém cac dang song
Oxylo tin hiéu tai dau ra ciia mach loc dong bo nay dugc thé hién trong hinh 7.

e MY i L e . . o

[} 3 )

O<108Hz l G<10Hz 9 = G<10Hz |

ChHz= 1600 MS86ns CHi 788 o cemie mseess  cseo CH2=108U MSeams  CHI/08

a. b. C.

Hinh 7. Tin hiéu dau ra bo loc déng bo khi: a. Tin hiéu vao dang hinh sin 100 Hz; b. Tin hiéu
vao dang hinh sin 150 Hz; c. Tin hi¢u vao dang hinh sin 50 Hz.
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Nhdn xét: Két qua do dac va dang song thuc té trén Oxylo cua tin hiéu ddu ra mach loc df)ng
b0 trong hinh 7 cho thay két qua twong tu v6i két qua md phong. Tin hi¢u dau ra ctia bo loc dong
bd nay co tan sd trung tim 1a 100 Hz, dai thong do dugc trén thuc t& dat 120,02 Hz. Khi tin hiéu
dAu vao 1 hinh sin 100 Hz thi bién d6 tin hiéu dau ra cta bd loc 13 16n nhat. Khi tin hiéu dau vao
dang sin 150 Hz hoic sin 50 Hz thi bién d¢ tin hiéu dau ra cia bd loc co do suy giam 16n. Pidu
nay thé hién kha ning ché ap cta bo loc véi dai tan sb ngoai dai théng duoc thiét ké va phu hop
v6i két qua mo phong trén Matlab/Simulink.

Két qua so sanh dai thong ciia hai bo loc dong bo ¢ tan s6 trung tam fo = 100 Hz (hinh 6 va
hinh 7.a) cho théy réng bo loc dé)ng bd st dung vi mach thuat toan thé hé mdi cho chat lugng loc
tot hon v6i dai thong hep hon va loc nhiéu cao tan tdt hon so v&i bd loc d@)ng bo thé hé cil.

4. KET LUAN

Bai bao d tién hanh phén tich ly thuyét, so dd cdu tric va mo ta nguyén ly hoat dong cua bo
loc dong bd trong tuyén bam sat myc tiéu cua thiét bi bay tw din hdng ngoai. Cac két qua mo
phong va thtr nghiém thuc té khing dinh bo loc dong bo thé hé mai dap ung duge yéu cau va
mang nhiéu dic diém wu viét hon. S6 luong linh kién thy dong it hon tir d6 giam dugc sai s6 do
linh kién gy ra, viéc tinh chinh d& tén kém thoi gian ddng thoi ¢ thé thay ddi tin sé trung tm
mot cach linh hoat. Qua nghién ctru ndy, nhom tac gia da lam chi duogc thiét ké, chu dong linh
kién vat tu thay thé dé stra chita khoi phuc, thay thé méi co cau phong mit dét cua thiét bi bay tu
dan hong ngoai.
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ABSTRACT

Synthesis of synchronous filter for target tracking system
of the self-guided infrared flying vehicle

This article deals with research in the field of noise-based signal processing for target
tracking systems of the self-guided infrared flying vehicle. The article conducts theoretical
analysis, builds block diagrams, structural diagrams and describes the operating principle
of the synchronous filter in low and high input frequency, and proposes a mathematical
model of this filter. The simulation results, carried out in Matlab/Simulink and Atium
environments, are the basis for designing the synchronous filter electrical circuit of the
correction circuit board attached to the launch mechanism of the self-guided infrared
flying vehicle.

Keywords: Synchronous filter; Self-guided infrared flying vehicle; Signal Processing.
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