Nghién ciru khoa hoc cong nghé

PIEU KHIEN PON TRUGC PI-SMITH TRONG HE THONG BAT BAM
MUC TIEU CO TRE XU LY ANH VA TRUYEN THONG

Vil Quéc Huy ', Nguyén Van Dirc, Chu Dirc Chinh, Nguyén Thi Lé Na

Tém tit: Xir Iy anh va truyén thong ciia mét dai quan sat trong hé thong bdt bam muc
tiéu C41 la qud trinh ¢6 tré. T rong bai bdo nay, tré dwgc han ché boi bg don trude Smith
bang cach dua thanh phan tré ra khoi vong diéu khzen kin. Khi lugt diéu khién PI truyen
thong khéng mang lai chat lwong diéu khién mong . muon, gidi phap két hop diéu khién PI
v6i b6 don trude Smith sé ndng cao chat heong diéu khién cho hé thong. Mé hinh héa va
mé phong hé diéu khién kénh hwéng ciia dai quan sdt voi tham sé thue cho thdy hiéu qua
cua gidi phap.

Tir khoa: Hé bit bam muc tiéu; Tré xur 1y dnh; Tré truyén thong; Didu khién don trudc; PI; Smith.
1. PAT VAN PE

Tré 1a mot hién twong thudng xay ra trong do ludng, truyén théng va trong cac hé thong tinh
toan. Trong hé thong thong tin, chi huy va didu hanh tich hop C4l (Command - Control -
Communications - Computers, Intelligence) [1], dai quan sat (PQS) quang dién twr st dung céc
camera ngay, dém dé bit bam muc tiéu. Tré xay ra trong qua trinh phan hdi tin hiéu anh tir cc
camera (bao gom ca qua trinh xir ly anh) déc biét 14 camera anh nhiét, lam suy giam chat luong
hé thong. Thuyc té cho thy, voi nhitng hé thong bit bam phat trién trén nén L nghién ctru [1], du
cong nghé may tinh nhing da tang cuong kha nang tinh toan, song van con tré trong xtr Iy anh va
truyén thong can dugc khic phuc thém bang cac thuit toan diéu khién.

Bai toan xir 1y thong tin do ludng diéu khién cac dbi twong cé tré van ludn thu hat nhidu su
quan tam. O nghién ctru [2], thuat toan didu khién cu trac bién ddi ¢ ché d6 truot duge x4c dinh
trén co s& md hinh ddi twong khong chira tré va bo don truée Smith. Mic du thuat toan diéu
khién hudng dén ddi tuong vira c6 tré vira co su thay doi tham sd trong dai rong, song can phai
lién tuc hiéu chinh tham sb cua bd don trude va dit ra yéu cAu dong hoc cua luat thich nghi phai
¢6 thoi gian dép Gmg nho hon thoi gian tré. Trong [3], van d& xir Iy thong tin do luong co tré
duge thuc hién bang giai phap hdi phuc va ngoai suy tin hiéu. Trén co s cta vi xir Iy va cong
nghé nhing FPGA, mot sb nha thiét ké ung dung di xay dung cac hé thong sb, co kha ning thuc
hién céc thuat toan phuc tap & ché d6 thoi gian thuc. Trong [4], tré xt Iy anh dugc xr Iy bang hé
logic mo, tuy nhién sai I¢ch bam anh (d¢ 1éch tam anh) con kha rong do d¢ qua chinh cua hé
thong van con tuong dbi 16n.

Trong nghién ctru nay, d6i vai PQS c6 cac tham sb xac dinh hodc dai tham s thay dbi khong
dang k&, nhiam han ché anh huong cta tré truyén thong, tré xtr Iy anh va téc do 14y mau do ludng
cham ma hé thdng xir 1y anh gap phai, img dung tinh don gian va dé dang lap trinh ky thuat cua
diéu khién PID, chung t61 de Xuat luat diéu khién don truge PI-Smith. O day, trén co s6 mo hinh
toan hoc ciia hé théng bao gdm co cau chap hanh, co cau do luong va xir Iy anh, thoi gian tré tdi
da trong hé théng dé x4c dinh tham s6 ctia bd don trude Smith duge dinh lugng ngay tur dau. Do
vay tinh 6n dinh va chat luong cua hé théng da dugc danh gia vé6i lugng tré 1om nhat.

2. BO PON TRUOC SMITH

Mot cach tong quat, bo don trudc Smith 1a mot bo didu khién du bao duoc thiét ké cho hé

théng diéu khién c6 su hién dién dang ké cta tré thoi gian.

R(s) Y(s)

] Gy(s)e

Hinh 1. So d6 vong hé ciia hé thong cé tré.
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Gia sir, d6i twong diéu khién bao gom thanh phan khong c6 tré G, (s) va thanh phan tré thoi
gian e . Hé thong c6 dau vao R(s), dau ra Y (s) nhu thé hién trén hinh 1.
Thong thudng, ddi tugng khong chira tré G, (s) dugce diéu khién bsi b diéu khién C(s). Khi
Gp(s) chia tré, can phai thay thé C(s) bai bo didu khién C(s) phu hop hon. Khi d6, hé thdng c6
cau trac nhu hinh 2.

R _ Y
RS) s () Gy(s)e™™ (),

\ 4

Hinh 2. So do hé thong kin véi b b tré.

Muyc tiéu ctia C(s) 1a van dam bao chtrc nang cua C (s) va phdi dua duoc tré e~ ra khoi
vong kin. Khi d6, hé thong c6 céu trac nhu hinh 2 s& tuong dwong vdi ciu trac trén hinh 3.

R(s) Y(s)
— —

—> C(s)

A 4

Gy (s)

\4

e—TS

Hinh 3. So do hé thong diéu khién kin khong c6 tré.
Ham truyén dat cua hé thdng v6i cdu trac trén hinh 2:
Y(s) C(s)Gy(s)e™™
KTRG) 14CE)G6,()e ™
Ham truyén dat cia hé théng véi céu trac trén hinh 3:
_Y(s)  C(s)Gy (s) -
KTRGe) 1+ C(s)G, )¢
Heé thong diéu khién trong hinh 2 va hinh 3 13 twong duong. Tir (1) va (2) s& co:
C(s)Gy(s)e™™ C(s)Gy(s)
1+ C(5)G,()e ™ 1+CE)G0) "
(1 + C(s)Gp(s)) C(s)Gy(s)e™™ = (1+ C(s)Gy(s)e™™)C(s)Gy(s)e™™

—TS

(1 + C(S)Gp(s)) C(s)Gy(s)e™™ — C(s)(f(s)(Gp(s)e_TS)2 = C(s)Gy(s)e™™

Tir do: - C(s)
¢S = T 6, )

)

)

@)

(4)
®)

(6)

Biéu dién (6) vao trong cAu tric hé théng & hinh 2 s& nhan duoc ciu tric caa hé théng diéu
khién c6 tré v6i b don truede Smith nhu hinh 4.

Y(52

R E
(s) O o O ey

A

T— Gp(s)(1—e™™)

A

Hinh 4. Cdu tric diéu khién don trude Smith.

Chuyén sang mién r0i rac, hé thong diéu khién tré thoi gian z 7%

¢6 cau truc nhu hinh 5. Bo
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diéu khién sd st dung bd don truée Smith c6 ham truyén dat nhu biéu dién trong (7):
C(2)
1+ C(@)G,)0A -2 (7)

C(z) =

R(2) E(z) U(z) Y(22

——X)——> () Gy(2)z ™"

T Gp(2)

Hinh 5. Cdu tric diéu khién don trude Smith trong mién sé.

A\ 4

A

1—2z7k

A

Nhin xét: Hé thong diéu khién s trén hinh 5 ¢6 2 vong hdi tlep am. Vong ngoai 1a vong
phan hoi dau ra nhu thuong thay Tuy nhién, do ddi twong c6 chira tré nén chi riéng vong hoi tiép
dau ra khong dép ung du chat luong diéu khlen Mot cach truc quan, vong phan hoi nay dang
cung cap thong tin phan anh khong day du vé hé thong (thong tin khong cap nhét). Déi vé6i bude
tinh tha k ma ¢ do khong c6 thong tin mai, hé thong s& dugc didu khién boi vong lap bén trong
¢6 chira bd don trude dau ra (khong quan sat duoc) cia ddi tuong Gp.

3.PONG LUC HQC HE TRUYEN PONG BAM CUA DAI QUAN SAT

3.1. Pong e hoc co ciu chfip hanh h¢ truyén dong PQS

Gan day, mot loai co cau chip hanh (CCCH) su dung dong co dong bd nam cham vinh ctru
(PMSM) va b khuéch dai cong suat trong hé tmyen dong bam la xu thé cong ngh¢ dugc nhleu
co s& nghién ctru Gmg dung. Trong cac bd khuéch dai cong sudt (hodc bién tan) da c6 mot sb
thuat toan va phuwong phap diéu khién dong co PMSM dugc tich hop sin. Trong bai bao nay, sau
khi Iyra chon dong co va bd bién tan phu hop, chiing t6i tién hanh cai dat, hiéu chinh tham sb bién
tan & ché d¢ diéu khién tryc tiép mo men hodc tich hop bién tan cling véi dong co PMSM thanh
mdt vong diéu chinh tdc do dé co dap tng tdc do tot nhét vai tai st dung. Nhiém vu con lai la
tong hop thuat toan vong ngoai trén co s mé hinh dong luc hoc ciia hé truyén dong bam.

Thuyc té, co hé ctia PQS duge thiét ké dam bao do ddi xung aé khong bi mét can bang dong
hoc, vi thé c6 the phan ra h¢ truyén dong PQS thanh 2 kénh diéu khién doc 1ap cb ciu tric twong
tu nhau, kénh tam va kénh hudng.

Phuong trinh dong Iuc hoc hé co dién cua kénh tam va kénh hudng co dang:
dwg
]m _Mm_Ml —bwe (8)
dt
Trong d6: wg 14 tdc do quay cua rotor, wg = 6; Jm 1d md men quan tinh quy vé dau truc dong
co; M, 1a m6 men dién tir; M; 1a md men tai quy vé dau truc dong co; b 1a hé so6 ma sat quay.
Chuyén sang mién anh Laplace, phuong trinh (8) tr¢ thanh:

Ums + b)we(s) = My, — M, (9)
_ My, — M,
wg(s) = m (10)

Khi tinh chon cong sut dong co dua 16n, d(}pg lue hoc co hé ciia mot kénh diéu khién DQS
duoc mo ta bdi mot khau quan tinh ¢6 ham truyén dat (11):
wg(s)
Mp(s)  ts+1
Trong d6: T = J,,,/b 1a hang sé thoi gian quén tinh caa khdi bién tin — dong co; k = 1/b la

(11)
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hé s6 khuéch dai.

Cai dt va higu chinh tham s6 bién tan hoat dong & ché do diéu khién tryc tiép md men, dong
lue hoc cla khoi bién tan — dong co PMSM duoc mo ta bdi khau ti 1¢ gitta mo men va di€n ap
diéu khién.

M, = k,u, (12)

Véi u,, 1a dién ap diéu khién dwa vao bién tan; k,, 12 hé s6 diéu chinh mé-men theo dién ap.

So dd céu trac hé truyén dong bam goc kénh tim va huéng cia PQS dugc md ta nhu hinh 6.

M
u (s) M, - 1 a2 (5)

— k. |—

- J s+b

Hinh 6. So do cau triic khoi CCCH véi dau vao dién dp.
3.2. Pong hoc ciia co ciu do lwong va xir Iy anh
a) Bong hoc co cau do goc muc tiéu tir camera
Theo [3], sai 1éch goc hudng, goc tam (ABy, Aey) ciia muc tidu (B, £) dd quy ddi theo don
vi radian la:
— Py Ym — Pyo

XM
AﬁM=.3M—ﬁo=k—iA5M=€M—€0= X
x y

(13)
Trong do:
Bo, € lan luot 1a goc hudng va goc tim ciia PQS tuong g véi diém trung tAm cia camera
trong mdt phang anh; Py, va Py, biéu dién tdm ctia man hinh quan sat.

P, P la chiéu rong va chidu cao cua khung anh dugc dua vao xtr 1y (pixel).
ky = Py/Gy; kyzpy/Gy (15)

Gy, Gy 1a goc md cua camera theo chiéu ngang, chiéu doc mit phang anh (rad).
Sau khi thiét 1ap DQS, cac goc hudng By, goc tim &, ciing chinh 14 goc duong ngim ctua DQS.
Do vay, (13) duoc viét lai nhu sau:

Ym — Pyo

Xy — P,
DBy =Py — B == ey = ey — & = ———— (16)
X y

Nhu vay tir d§ léch tAm anh, sai léch géc bam muc ti€u trong h¢ toa do lién két duoc tinh toan

theo cong thuc (16).
(0.0) 640,0
00 | R

(0,430) (640,480)

Hinh 7. Biéu dién muc tiéu trén man hinh quan sat [3].
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b) Bong hoc khau xur ly anh

Trong cac BQS [1, 4]z may tinh xur Iy 4nh nhan tjn hiéu video tir camera, qua cac thLl thap sb
hoa video thanh cac chudi khung anh (frame) voi toc d6 thu thap 40 frame/s. Moi chuoi khung
anh nay duoc xu 1y, luu lai dudi dang mang dir liéu [3]. Madi phan tir trong mang 1a mot dit liu
kiéu ciu triic chira cac thong tin bao gébm goc tam ctia muc tiéu; goc hudng ctia muc tiéu; chiéu
r(_)pg ctia muc tiéu; chiéu cao cliia muc tiéu; dd sang trung binh ctia muc ti€u; thoi diém cap nhat.
bé c6 duge do 1éch tam anh nhu coéng thirc (15), qua trinh xur 1y anh da thyc hién mét s6 thuét
toan xur ly va bam anh. Qua trinh xtr Iy anh dé€ dua ra d¢ 1éch tam anh, cung v6i qua trinh truyén
sai léch bam anh t61 vong dicu khién trong may tinh xtr ly trung tdm bi tré mot khoang thoi gian.
Thyc t€ trong mot sO hé¢ thong [1, ’4], qua trinh xtr Iy anh c6 thé chiém khoang thoi gian bang thoi
giz}n thu thfftp 3 frame anh. Véi téc‘d(f) thu thap 40 fram;/s, dév dua ra duoc do lﬂéch tdm anh hé
thong bi tr¢ 0,075 s. Qua trinh truyén thong voi vong di€u khién mat 0,010 s. Tong tré trong hé
thong 1a 0,085 s.

4. MO PHONG VA THAO LUAN

4.1. Tham sb d6i twong md phong

Thong ) ky thuat cia BDQS dugc trich Xuét tir cac hé bét bairp ¢ dinh dang trang bi cho cac
cPPK 37™- 2N [1]. Md phong dugc thuc hién v6i kénh diéu khién goc hudng ctia DQS.
a) Co cdu chap hanh

DPong co loai ECMA, bién tin ASDA-B2 cua Delta [6]:

- Congsuat: P = 750 W;

- M0 men cuc dai: Tyqy = 2,39 Nm;

- Mb men quan tinh dong co: J,, = 1,13 x 10~ kgm?;

- Hgso masét tai: b = 1073 Nm/(rad/s);

- Héso }(huéch dai khéu’diéu ghinh mo men: [, = 0,717 Nm/V, )

- Hop s0 Harmonic, ti so truyén cua kénh tam i va kénh hudng iy 1a 160. Gia stir hi¢u suat

truyén dong kénh tam 1y va kénh hudng n4 1a 100%.

b) M6 hinh nhdn dang kénh huong cua BDOS

Su dl;mg‘céc thuat toan diéu khién sén co trong b@ biéq tan di kc‘?m dcf)ng‘co PMSM va cai dat
khau bién tan — dong co PMSM nhu rp@t khau dicu khi’én ‘theo toc d9, bang thuc nghiém chu
dong chung t6i xac dinh dugc ham truyén ho ctia khau bién tan - dong co ¢6 dang (17).

310,859
G = — 17
ccer(s) 0,048s + 1 (17)

Mo men quan tinh kénh hudng: J, = 1,25 kgm®.

Téng tré thoi thoi gian: T = 0,085 s.

Déi tugng diéu khién khong co tré:

310,859 1
18
Gp(S) = Goas 1 < 1255 (18)
Xir ly anh
Br |+ e i u B B

A

Y
—
v

o BO . —-0,085
’@ > gidu khién Gp(s)e

Hinh 8. So do cdu triic hé diéu khién bam cia kénh hudng.
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So d6 chu trac h¢ diéu khién bam kénh huéng véi goc dat B, dugc biéu dién trén hinh 8.
Kénh hudng (18) dugc kiém soat boi bo dieu khién w.
4.2. Két qua mé phong véi b diéu khién PI-Smith

B6 diéu khién PI véi cdu trac (19):

z
Cpr = K, +K; i1 (29)

Tham sb ctia bo diéu khién PI duge xac dinh theo tiéu chuén ti vu ddi xung;:
K, = 0,237; K; = 4,928. (20)

Chon thoi gian 1dy mau T = 0,005 s, ham truyén cuia ddi tuong 1a:
0,02104z% + 0,082z + 0,01997

z2—1,901z + 0,9011
Nhén xét: Hinh 9 thé hién dap tmg qua do cia hé thong c6 tré v6i 4 truong hop tham sé md
men quan tinh cta cua doi twong (18) thay doi.

G,(2) = (21)

1 ; 12— — T T
o) V& = 1} —— - "
E ogl-- Mo \E; 05 : : :
2595 "r!-a.f ...... Pl - e ___.-’....5 ...... ‘ Pl
5 i = = = PI-SMITH s | 4 — — —PISMITH
2 04p.gfe ; : 5 044 ... L R TR P
= l/ : : 2 04 : ;
Sozt- ¥ g Sozt ¥ : :
© : Ji = 1kgm Gl ), =1,25kgm®
0 05 1 15 2 % 0.5 1 15 2
Thoi gian (s) Thoi gian (s)
%\ 1 PO / ) NN %\ Theeoeeons /’ ................
. . ©
E osl..... A ] = 08p--e b S prenn
e : Q ff
08 g Pl o 08f-pfi Pl
c :
5 if — — = PI-SMITH I T A — — ~ PLSMITH
.2 0_4...I....5 ...... ; f % 0.4 i
Q . : .
S o2k ¥ i S 02
S - Ju = 1,50 kgm? ° : h-l%kw1
EIIZI 05 1 15 2 0 0.5 1 15 2
Thoi gian (s) Thoi gian (s)

Hinh 9. Pdp itng qud dg ciia hé thong khi tdi thay doi.

- Truong hop J, = 1,25 kgm? tuong tmg véi mé men quan tinh danh dinh, diéu khién PI-
Smith gitp cho hé thong nhanh xac 1ap va khong qua chinh.

- Khi m6 men quan tinh ting 1én (truong hop J, = 1,50 kgm?, J, = 1,75 kgm?) dong nghia
vdi tai 16n hon, quén tinh tai bu dugc qua chinh song thoi gian xac 1ap cua h¢€ ciing 16n hon. PI-
Smith da cai thién rd rét thoi gian xac 1dp cho hé thong.

- Khi mé men quan tinh giam, J, = 1 kgm?, ~¢6 nghia voi tai giam di, PI-Smith ngoai viéc
gitip cho hé thdng khong c6 qua chinh con rat ngén thoi gian xéc lap.

Nhu viy, cac két qua mo  phong déu cho thiy vigc két “hop diéu khién PI va bo don trudc
Smith 1am cho h¢ thong c6 tré thu duoc chét lugng diéu khién t6t hon S0 VOi chi su dung bo dicu
khién PI thong thuong. Khi thoi gian xac 14p va do qua chinh cta hé thdng dwoc rit ngan thi sai
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léch bam ciing s& giam di.

5. KET LUAN
Giai phap két hop diéu khién PI véi bo don truée Smith cho PQS trong hé thong thong tin,

chi huy va diéu hanh tich hop C41 dam bao h¢ thong c6 chét lugng diéu khién tdt hon so vi bo
di€u khién PI thong thuong. K&t qua moé phong da cho thay do qua chinh va thoi gian xac 1ap cua

h¢

thong diéu khién kénh hudng dugc cai thién 1o rét. Poi véi doi tugng dicu khién c6 tham so

thay d6i trong dai rong, nghién ciru tiép theo hudng dén viée xay dung ciu tric va tham s thich
nghi cho by don trude Smith trén co s& chung minh dong hoc cua ludt thich nghi c6 dap tng
nhanh va héi tu trong khoang thoi gian hitu han.
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ABSTRACT

PREDICTOR CONTROL PI-SMITH IN THE TRACKING SYSTEM WITH TIME DELAY

IN IMAGE PROCESSING AND COMMUNICATION

Delay in image processing and communication of an observatory in the C4l target
tracking system is limited by the Smith predictor by taking the delay component out of the
closed control loop. When the traditional P1 control rule does not give the desired control
quality, the combination of the PI control and the Smith predictor will improve system
guality. Modeling and simulation of azimuth channel control system with real parameters
shows the effectiveness of the solution.

Keywords: Target tracking system; Image processing delay; Communication delay; Predictor control; PI; Smith.
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