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TOM TAT

Bai bdo de cdp dén van dé tinh toan vi tri muc tiéu trong diéu kién cé tré cua khdu xir ly anh
trong hé thé’ng tw dong bam va diéu khién héa luc. Bdng cach déng bd toa do goc cua hé théng
quan sat va cac tham sé xir Iy dnh theo thoi gian, toa dé géc chinh xdc ciia muc tiéu dwoc xdc
dinh . Swr dung bo loc Kalman va phuwong phadp ngoai suy dé wée lwong vi tri va vdn téc muc tiéu.
Cdc két qua cia bai bdo dwoc chitng minh chdt ché va dwoc kiém chitng trén hé thong mé phong
ban tu nhién.

Tir khéa: Xir Iy anh; Tré; Diéu khién bam; Bo loc Kalman.
1. PAT VAN PE

Xt 1y anh trong diéu khién bam bat muc tiéu 1d mot qué trinh gdm 3 chu ky: 14y miu anh,
xtt Iy x4c dinh toa dd muc tiéu trén khudn hinh va dwa két qua ra cho hé thong diéu khién. Dbi
v6i viée xac dinh toa dd muc tiéu, tham sb dwa ra 1 toa d6 muc tiéu trong khuon hinh tai thoi
diém léy mau, chinh 13 d6 1&ch toa do goc ctiia muc tiéu so voi toa do goc cua hé camera pan-tilt.
Néu muc tiéu c¢b dinh thi tham sé dwa ra chinh 1a tham sé voi thoi gian thyc. Tuy nhién, trong
diéu kién muc tiéu chuyén dong, s6 liéu dua ra s& c6 do tré nhét dinh do anh hudng cua thoi
gian 1dy mau, khi ma cac diém anh trong khuén hinh dugc 1dy mau tuan ty theo manh va theo
dong tir trai qua phai va tir trén xudng dudi [1]. Ngoai ra, sau khi 14y miu, hé thng ciing cin
thoi gian dé xu 1y, khoang thoi gian nay ciing phu thudc vao do phuc tap cia hinh anh [2]. Mt
khac, toa d6 that cua muc tiéu 1a tong cua toa do goc cua dai quan sat va toa do cua muc tiéu
trén man hinh. Thyc té dbi véi muc tiéu tinh hoac tbc do thap, thoi gian phan tng khong can
nhanh thi cac phuong phap bam truyén thong theo sai 1éch muc tiéu dap Ung dugc yéu cau, toa
do goc muc tiéu dugc lay theo toa do goc dai quan sat & trang thai bam on dinh. Tuy nhién dbi
v6i yéu cau can tc d6 dua ra vi tri myc tiéu nhanh — ngay khi phat hién hodc can theo ddi mot
lac nhiéu muc tiéu, can tinh toan vi tri muc tiéu theo vi tri dai quan sat va sai 1éch. Do sai 1éch
anh muc tiéu bi tré va khong lién tuc, can déng bd vi tri dai quan sat va sai 1éch quan sat theo
thoi gian, muc dich 13 tao chudi gid tri vi tri muc tiéu thyc té phuc vu bai toan tinh toan va ngoai
suy muc ti€u theo thoi gian thuc.

Trong thuc té hién nay, dé tinh toan vi tri muc tiéu, mot s phuong phéap da duoc sir dung: sir
dung thuat toan xép xi dan vi tri muc tiéu tinh toan va vi tri muc tiéu thuc theo sai 1éch anh sao
cho sai léch anh tién vé gia tri khong, hodc st dung bo loc thong tha‘ip Kkét hop voéi tinh toan vén
tdc muc tiéu sao cho gia tri vi tri muc tiéu tinh toan dugc lam tron va bam sat dugc gia tri thuc
bang phuong phap ngoai suy. Muc dich chung cua cac giai phap nay 1a dua ra vi tri muc tiéu
duoc lam tron va sai 1&€ch vai gia tri thuc nho nhat. Noi dung bai bao nay dua ra thém mdot giai
phap d6 1a sit dung bd loc Kalman bac 2 bao gém vi tri va vén téc muc tiéu dé tinh toan d(‘Sng
thoi vi tri muc tiéu thoi diém qua khu, sau do tién hanh ngoai suy dé tinh toan vi tri muc tiéu thoi
diém hién tai, st dung gia tri vi tri muc ti€u thoi diém hién tai — sau ngoai suy lam gia tri dat cho
khéi diéu khién vi tri dai quan sat. Giai phap duoc thir nghiém trén hé théng mé phong tai phong
thi nghiém Vién Ty dong hoa K¥ thuat quan su.
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2. THUAT TOAN XAC PINH TQA PQ MUC TIEU
THEO NHIP THOI GIAN LAY MAU ANH

Hién nay, trong hé thong diéu khién hoa luc phao phong khong (PPK), toa d6 muc tiéu thoi
gian thuc dugc xéc dinh nhu sau [3]:

éMT = é:D + é:XLA 1)
Trong do:

- & 1a toa do goc cua muyc ticu, & = {ﬂa} la toa dd goc cua dai quan sat;
gD

ApB . . . .
-En = [A la goc 1€ch vi tri cua muc ti€u so voi tAm ctia hinh anh, dugc xac dinh nhu sau:
£

A = FOV (x);Ae =—
DIX( ) pix(y)

Voi AX,Ay thir tu 1a d6 Iéch toa d6 muc tiéu so voi tdm cua anh theo truc ngang (X) va truc
doc (Y); pix(x), pix(y) tht tr la d6 phan giai cta anh theo truc ngang va truc doc;

FOV (x), FOV (y) thir ty 1a trudng nhin ciia camera theo truc ngang va theo truc doc.

FOV (y) (2)

Bo s liéu toa do gdc cua dai quan sat va goc 1éch vi tri muc tiéu trén anh dugc léy ra tai thoi
diém 14y mau theo dong ho hé théng Trong khi do, gia tri goc 1¢ch vi tri myc tiéu trén anh lai la
gi4 tri qua khir cia chu ky 14y mau anh. Diéu nay dan dén kha nang toa do thyc ciia myc tiéu co
su sai léch so voi gid tri tinh toan theo (1), dong thoi gy ra sai sO trong viéc xac dinh van tdc
muc tiéu va sai s6 bam sat muc tiéu.

Dé khic phuc hién twong nay dudi diy s& dé xudt phuong phap st dung bd lgc Kalman aé
ngoai suy toa do muc tiéu trén khudn hinh theo thoi gian thuc dong bo voi chu ky 1dy méu toa do
goc ctia dai quan sat. Y tuong chung cta phuwong phép nay gdm hai ndi dung chinh nhu sau:

Thir nhat, ddng bd nap gia tri vi tri dai quan sat va hinh anh thu nhén duoc trong qué kh, tr
d6 xac dinh toa d goc ciia muc tiéu tai thoi diém chinh xac trong qua khu, gan gié tri toa do goc
clia muc tiéu voi gia tri thoi gian twong tng dé tao ra mot chudi sé liéu phuc vu ngoal suy toa do
gbc ciia myc tiéu tai thoi gian hién tai. Phuong phap nay tam goi 1a “dan nhan thoi gian”.

Thur hai, tai cac thoi diém khong co gia tri sai 1éch vi tri myc ti€u do trich mau, vi tri muc tiéu
duoc udc lugng bang bo loc Kalman. Vi tri myc ti€u thoi diém hién tai duge ngoai suy tir gid tri
udc lugng theo vi tri va van toc muc tiéu trudc do.

Nbi dung mot s& dugc trinh bay cu thé dudi day. Dé thuc hién viéc “dan nhan thoi gian” sir
dung cac ky hiéu sau:

T,- Chu ky trich mau anh cac dinh d6 léch vi tri muc tiéu trén anh, goi tat 1a chu ky anh;

T, - Chu ky ddng bo dit liéu diéu khién hé thong, goi tit 1a chu ky diéu khién;

- Thoi gian tré anh, dugc x4c dinh bang phuong phap thuc nghiém. Chu ky anh va chu ky
diéu khién duoc chon sao cho chu ky anh 1a boi s6 cta chu ky diéu khién: n= T—A ;
BPK

&oos (I, ]) - Toa do goc cia dai quan sat tai cdc nhip didu khién j cua chu ky anh i;

Eur (1), & (1) thtr ty 14 toa 40 goc cua myc tiéu va goc 1éch cuia muc tiéu so véi tdm anh tai
chu ky anh i;

Eur (), & a()) thu tu 1a toa d§ goc cua muc tiéu va goc 1éch cia muyc tiéu so voi tm anh
tai cac nhip diéu khién j cta chu ky anh i.
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Nhu vy, tai chu ky anh i, nhip diéu khién j=0, s6 liéu c6 duoc 1a toa do goc cua dai quan sat
tai thoi diém i, con goc 1éch ciia myc tiéu so voi tim anh 1a gia tri ciia thoi diém i-Tr.. Do d6, cO
thé xac dinh chmh xac toa do ctia muc tiéu tai chu ky anh i-Trr, nhip diéu khlenj 0 la:

é:MT (i _TTr) = éfa (i _TTr) + fxm(i _TTr) (3)
Céc thanh phén trong (3) trir toa d6 goc cua dai quan sat chi co thé xac dinh duoc trong thoi
diém cua chu ky anh thir i. Nhu vay tai chu ky anh thir i va cac khodng thoi gian tiép theo theo
nhip chu ky diéu khién j J toa d¢ muc tiéu hoan toan khong xac dinh dugc.
Toa d6 muyc ti€u tinh toan tir (3) dwoc luu vao m{ing tao thanh chudi gia tri theo thoi gian, tién
hanh vi phan cac toa 6 muc tiéu s€ tinh dugc van toc goc muc tiéu.

Oy :é/MT(i_TTr)_-?:AMT(i_TA_TTr) (4)

Gia tri van toc gdc muc ti€u cung vdi toa d§ muc ti€u tinh todn dua vao bd loc Kalman bac 2
cho phép uéc lugng toa dd va van toc muyc ti€u tai cac nhip dieu khién.
S (1 =Ty + jTo) 12 toa d0 muyc tidu , vy, 12 van tée goc muc tidu udc lugng tir bo loc
Kalman. Theo do:
Khi j = 0: ¢6 dit liéu xtr ly anh, gia tri toa d0 muc ti€u dugc cép nhét theo gia tri thyc:
Sur e (1=Tp) = G (1=T,)
Khi j # 0: khong ¢ dir liéu xr 1y anh, toa d6 goc muc ti€éu dugc ngoai suy theo van te:
é/MT—Est(i _TTr + (J +1)TDK) = é/MT—Est (i _TTr + jTDK) + UEstTDK (5)
Sau khi ¢ toa dd muc tiéu &y g (i—Tr, + JToc) > €6 thé xdc dinh vi tri myc tiéu & thoi diém
hién tai theo thoi gian thuc bang phép ngoai suy:
Sures 1+ JTok) = Suroea (=T + J T ) + O T, (6)
Nhu vay, 6 moi nhip diéu khién, mic du chua co két qua xur ly anh, toa d¢ ciia muc tiéu luon
duoc xac dinh theo (6), do do, luén co day du thong tin dé dieéu khién dai quan sat theo thoi gian
thuc. Trong qué trinh qua do b loc, ban than céac gia tri &y g (1—=T5, + JTo) s Uy chua theo
kip cac gia tri thuc, din dén két qua tinh toan theo (6) c6 sai khac voi gia tri thye, dé xtr ly van dé
nay, tac gia d€ xuat budc hiéu chinh 1/n nham tang toc dd bam sat gilra toa dd muc tiéu udc
lugng va toa d6 muc tiéu thyc nhu sau:
Thir nhét, khi c6 dir liéu xir 1y anh, tién hanh so sanh tinh toan sai 1éch giita gia tri woc luong
va gia tri thuc:
A-/;Est = gMT (i _TTr) - é,MT—Est (i _TA _TTr + anDK)
Trong d6 &yyr g (1—T, =T, +NjTy) duoc tinh todn theo (5) .
Thir hai, phan bd déu lugng sai léch cho cac chu ky diéu khién:
Cur-estric (=T (T DT ) = Qe (=T +(J+DT) + > Al (7)

Gia tri g e (i —To +(J + DTy ) duoc dua vao dau vao b loc cho chu ky tinh todn sau.

3. TINH TOAN TQA PQ MUC TIEU SU DUNG BQ LQOC KALMAN

Tém tit bd loc Kalman béc 2:

Phuong trinh Ghi cha
State Update K =pnn1/ (Pons + M) Pn,n-1 If} g_iz,’i tr? Pr+1n C}ia chu k?z T-1.
(Corection) Xnn = Xnn1 + K (Zn — Xnn-1) Xnn-1 18 QI8 tri Xnsan ca chu ky T — 1.
Pon = (1 - K)pn,n—l
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Xn+1,n = Xn,n
(bac 1: gia tri do luong coi la

Bac 1. hang so)

State Predict

= * —
(Extraopolate) Pr+1n= Pon + G%[Xnn — Xn

(béc 1: gia tri do luong coi la
hang so)

o xt Afv O v = Ax / Aty van toc cia X, ¢d thé do, hoic
n+1,n n,n (2) n,n tinh (Chﬁ }'/ phu'O’,ng sai)
®: At 1a chu ky tinh x

Vn'+l,n = Vn’,n
(bac 2: toc d6 bién thién dai

Bac 2: 4 oy o [ @0 vy, 6 thé tinh theo md hinh dong hoc
State Predict | "ong do luong coi la hing s0) hang bac 1 hoic bac 2 (gia toc khong doi).
(Extraopolate) PXns1n = Pon + A2*p'nn +

@: 4t la chu ky tinh x 7
@: p" tinh theo md hinh bac 1 (khong doi)
hodc bac 2 (tu gia toc).

QX*lxn,n - Xn,n-l|(3)
pvn+1,n = pvn,n + QV*IVn,n — Vn,n—1|(4)
(bac 2: tbc do bién thién dai
luong do ludng coi 13 hing sd)

Mo hinh voc luong:
M6 hinh vén téc: v = hang sb.
MG6 hinh toa d0: Xn+1 = Xn + V*L.S
Sai 1éch md hinh: qu, Ox 1 cai tién trong bd loc ctia tac gia Denyssene, 2011.
Phuwong sai do luong:
Phuong sai do ludng toa d6 goc: rx 12 sai s6 do goc dai quan sat, sai s6 diém anh.
Phuong sai van téc goc: do van tdc duge tinh toan tir phép vi phén toa do rv = r*(1/Ta)2
Chu ky tinh toan: At= Tpk.
Hinh 1 minh hoa hoat ddng bo loc Kalman:

KMuc tisuXLA t—T_Tré

xlaDataAvailable

Hinh 1. Dit liéu vao/ra bo loc Kalman tinh toan toa do muc tiéu.

" Vuc tisu
VMuctinXLA —W .
Kalman Filter ————» Xunctign:—T T

dx=0,dy=0 XMuc tigu t-T Trd  ———W

. -
» XMuc tién t—T_Tré+ T_TT

Vi tri Muc Van téc

Vi tri QS Vi tri $Qs HBUXLA Muctiéu Van 1§c
Luu Ming | congsé 3T viohan XLA | Kalman | Muctiéu
C) ™+ Dich < P Bic 2 {
b ; | Vi_ fl’i Mudq Ngoai suy
| } tiéu Est > nT
! -f »|
Do trd nT ! 8 UL 4
L .
| EN 4 Trir s6 hoc
& -————d | e _g———— o ; ’
: é
|
- N L —o Vi tri Sai 56 Est Vi tri Van tde
Sai s0 Anh — »-<_Co dir ligu ? —-———= [ Muc tiéu -nT Muctiéu Muctiéu
—_ -nT v
Vitri Hiéu chinh
Muc tiéu Est/HC Un
-nT I

Hinh 2. Luu dé thudt todn tinh todn toa dé muc tiéu.
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4. TINH TOAN THU NGHIEM

Hinh 3. Hé thong thir nghiém:
1-DOS va may tinh thu thap tin hiéu; 2 — Ban diéu khién Trung tam;
3,4 — Khoi tao muc tiéu.
Ubc lwgng d6 tré hé thong
Trong hé thdng thir nghiém, sir dung camera ngay va camera dém, tan sO xuat anh 30 fts
(khoang 40 ms), chu ky tinh toan hé thong Tpk = 10 ms:
T = Tcapture + TOutput + Tpx = NTpg + 4Tpx + Tax

Trong thuc té, véi mdi hé camera st dung (ngay/dém) can phai udc lwong gia tri n twong tng,
phuong phap udc lugng gan dung gia tri n nhu sau:

Xuatphattir (1): & =&+ En

Str dung mot muc tiéu ¢b dinh, bo qua van dé sai 1éch vé truong nhin (FOV — Field Of View)
cua camera (gia tri dx & cac gia tri FOV khac nhau thuong khéng dong nhat), do muc tiéu co
dinhnén: &, =&, + &, = const.

Trudng hop khi d6 tré duoc ude luong phi hop, gia tri tinh toan muc tiéu 1 hing s (hoic
bién thién tuyén tinh — do 4anh hudng truong nhin), khi gia tri tinh todn muc ti€u khdng phai la
hang s6 (hodc khong c6 dang tuyén tinh), can ting/ giam do tré udc lugng dé co6 gia tri phu hop.
Truong nhin camera (FOV)

Dbi v6i camera dém: ¢ 6 gia tri FOV, viéc tinh toan hé s ti 1& tir diém anh trén man hinh
deén cac gia tri dx, dy (ky hiéu la P2D) twong doi chinh xac, do do, két qua tinh toan cac gia tri
dx, dy chinh xac ngay cé khi vi tri muc tiéu khong ¢ tdm man hinh (dx,y = 0).

Dbi v6i camera ngdy: do cac gia tri FOV bién thién lién tuc tir 0 dén 100, hé s P2D khong
bién thién tuyén tinh, dan dén viéc tinh toan gia tri dx, dy va vi tri muc ti€u bi sai 1&€ch khi vi tri
muc tiéu ¢ xa tAm man hinh.

1 ! 2 — 3

~ - f )
\ /” \\ ,»f/' N
‘\\_ - ‘/‘ / \_‘. RN /

S

Hinh 4. Udc lwong dé tré camera:
1-Camngay, n=15; 2-Camngay, n =1; 3— Cam dém, n = 9.
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Céc két qua tinh toan vi tri muc tiéu

Thuc hién bai bay mo phong véi muyc tiéu co quy dao gan tron, cy ly trong khoang 2500 —
3000 m, van toc muc tiéu ¢ 2 truong hop 200 m/s va 330 m/s. Hinh 5 thé hién két qua tinh toan
doi véi kénh tdm, do pham vi bién thién nho nén viéc thé hién sai s6 quan sat dé hon so voi
truong hop kénh hudng — 1a dang duodng chéo. Hinh 6 va 7 thé hién sai 1€ch diéu khién bam va
sai 1&ch vi tri tam anh va tam camera cua kénh tam va hudng.

Trong hinh 5 gém 4 gia tri: 1. vi tri muc ti€u tinh toan theo vi tri dai quan sat va sai Iéch anh,
thé hién gia tri &, ¢ 4 +&ya » 2. KEt qua tinh toan dau ra cua bg loc Kalman, thé hién gia tri
Eurit 1 » 3. Kt qua ngoai suy vi tri muc tiéu, the hién gid tri &y o > va 4. Vi tri dai quan
sét (camera), &, . Trong phan hinh nho thdi gian mé phong tir 14 s dén 15 s tht ty cdc duong 1,
2, 3, 4 1a tir dudi 1én phia trén. Céc gia tri ¢ truc tung thé hién gia tri gdc tam, c6 don vi 1a do.

Trong cac hinh 6, 7: dudng nét lién thé hién sai 1éch diéu khién giira vi tri muyc tiéu tinh toan,
chinh 1a gia tri dat cho dai quan sat va vi tri thyc cia dai quan sat, duong dang xung nhon thé
hién sai léch vi tri gitta muc ti€u thyc va vi tri thuc cua dai quan sat. Nhu vay, sai Iéch gitra gid
tri muc ti€u tinh toan va vi tri myc tiéu thyc chinh 1a do rong gitra 2 duong. K&t qua sai léch vi tri
muc ti€u thyc va vi tri thyc ctia dai thé hién tong theé vé chat luong hé thong bam bat bao gom
tinh toan vi tri myc tiéu va diéu khién cta hé thong.
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Hinh 5. Két qua tinh todn vi tri muc tiéu kénh tam (hinh nho trén, tir dwéi 18n trén):
Do - gD—t—T_Tr + é:XLA' Lam - éMT—t—T_Tr , Cam - §MT—t+T_DK , Luc - éD—t'

02 Hueéng, Ngay, w= 330m/s, D= 3km

Tém, Ngay, v= 330m/s, D = 3km
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Hinh 6. Sai léch diéu khién (nét lién) va do léch vi tri muc tiéu (xung nhon) kénh tam va huong
khi sir dung camera ngay, van toc muc tiéu 330 m/s, khoang cach muc tiéu 3 km.

04.,
0z, 4 fro v _
Tz, Déra; v = 330ws, D = Tkan Hudng, Dém v =330ms, D=3k
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Hinh 7. Sai léch diéu khién (nét lién) va do léch vi tri muc tiéu (xung nhon) kénh tam va huéng
khi sir dung camera dém, van toc muc tiéu 330 m/s, khodng cdach muc tiéu 3 km.
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Két qua thir nghiém cho thiy vi tri muyc tiéu tinh toan truc tiép tir sai léch anh va vi tri dai
quan sat (ndm dudi & hinh nho phia trén, hinh 4) c6 dang bac thang, khong tron, sau khi dugc
dua qua bd loc (duwong nam ngay phia trén ¢ doan nam ngang) da tron hon va sai Iéch trong
pham vi 1 ly giac (0.06 d6). Hai duong ké tiép nam trén 1an luot 1a cc gia tri ngoai suy twong
ung véi gia tri tire thoi cila muyc tiéu va vi tri hién tai ciia dai quan sat. Sai 1&ch vi tri muyc ti€u
thuc va dai quan sat chinh 1a d6 1&ch vi tri muc tiéu (dang xung nhon, do chu ky cap nhat anh
khong lién tuc), day 1a két qua cua sai léch tinh todn vi tri myc ti€u va sai léch diéu khién vi tri
dai quan sat (duong nét lién). Trong diéu kién thir nghiém khi myc tiéu chuyén dong dang cung
tron van toc 330 m/s & khoang cach D < 3 km, d6 1éch vi tri muyc tiéu ndm trong khoang + 5 ly
giac (0.3 do goc).

5. KET LUAN

Bing viéc dong bd cac thdi gian cua chu ky anh vé6i nhip diéu khién, viéc xac dinh gia tri
chinh xéc cua toa d6 goc muc tiéu trong quéa khtr duge thyc hién. Két hop vai chudi sd liéu trong
qué khir, bo loc Kalman cho phép ng0a1 suy toa d§ goc cua muc ti€u trong hai nhip thoi gian ctia
chu ky anh, tir d6 xac dinh dugc sai s6 bam sat muc tiéu giita cac chu ky anh, 1am cho hé thng
diéu khién c6 thong tin day du va chinh xac hon dé bam sat muc tiéu phuc vu bai toan tinh toan
phan tir ban va diéu khién hoa luc. Céc két qua nay c6 thé tich hop vao hé thdng diéu khién dai
quan sat cua cac tran dia PPK danh ngay va dém theo phuong phap ban tu dong ciing nhu tu
dong hién dang dugc trang bi rong rai trong luc lugng phong khong tam thép.

TAI LIEU THAM KHAO

[1]. https://www.elprocus.com.

[2]. A.Chakraborty, “Image processing and image pattern recognition a programing tutorial”, First
international conference on artificial intelligéc for industries, (2018).

[3]. Vién Ty dong héa Ky thuat quan sy, “Tai ligu thiét ké dai déi PPK 37mm-2N ddanh ngay va dém”, (2016).

[4]. K. Fronckora, A. Slaby “Kalman Filter Employment in Image Processing”, Springer link, (2020).

ABSTRACT
Real-time target coordinate extrapolation in image processing

The article addresses the issues of co-timing and problem solving in the image
processing of automatic and focus calculation systems. By simultaneously searching the
sample server control and the sample processing image acquisition time, the exact angle
of the target is precisely determined during the sampling cycle during deodorization, so
that the reserve angle is normally Its indication is determined in the current of the control
cycle. To improve forecast quality, Kalman filter is used. The results of the paper have
been rigorously proven and tested on a semi-natural simulation system.

Keywords: Image processing; Delay; Grip control; Kalman filter.
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