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Nghién ciru thiét ké ché tao hé gia dién kién da niing cho siing 12,7 mm va
14,5 mm ty dong bam danh muc tiéu
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for 12.7 mm and 14.5 mm gun automatically bind the target image
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Tom tat

Hé diéu khién bam muc tiéu di dong lién quan dén
van d& diéu khién va thi giac may dugc rat nhidu tac
gia quan tdm. H¢ thdng dugc trinh bay trong bao cdo
nay bao gom mot gia didu khlen hai béc tu do tam va
huéng c6 gan mot camera cd dinh song song véi truc
nong stng. Hé thong co nhiém vy bam muyc tiéu dang
di chuyén voi quy dao khong biét truée, thong qua
diéu khién tAm huéng cua gi sao cho anh cua muc
tiéu thu dugc ¢ chinh gira tim man hinh quan sat cua
camera. Bai bao dua ra m6 hinh ddng hoc cua hé, lién
quan dén vi tri ciia muc tiéu trong anh va goc quay
tAm, hudng. Sau do, dé muc ti€u luén luén & chinh
gitta dnh, mot mo hinh dyu bao vi tri va tdc do cua muc
tiéu duoc ap dung. Bai bao ciing gidi thidu vé phuong
phap xir 1y anh, ty dong phat hién chuyén dong va
bam muc tiéu di dong. Cac két qua nghién ciru duge
ap dung trong hé diéu khién gia siing 14.5 mm va 12.7
mm cho két qua rat kha quan.

T khoa: hé théng ty dong; phat hién dbi tugng; bam
dbi twgng

Abstract

The tracking control of moving targets is related to
control and machine’s vision. The system consists of
platform with two degrees of freedom of altitude and
azimuth, and a coaxial mounted camera which is fixed
parallely to the axis of the gun. The main task of this
system is tracking targets moving on unknown
trajectory by controlling the altitude and azimuth of
the platform so that the image of target is always
located in the middle of the camera’s monitoring
screen. The system’s kinematic model with position
of target in the image, with altitude and azimuth
angles is described. The author uses a model which
predicts location and speed of target to fix it in the
center of the image. Methods which are used by the
author for image processing, auto-detecting motion
and auto-tracking moving targets are also described.
The results of the research are applied in the control
systems of 14.5mm and 12.7mm guns with positive
achievements.

Keywords: automated systems; object detection;
tracking object
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° do thé hién goc quay
" sovong  Hudng c6 the quay tron
¢, 0 goc Tham s6 diéu khién

A mm Tham sb 6ng kinh
Chir viét tit

CCD Charge-Coupled Device
CNTT Cong ngh¢ thong tin

img Ma tran anh

1. Giéi thitu

He¢ thdng didu khién vii khi c6 thi giac dugc sir dung
dé theo ddi cac muc tiéu di dong trong cac tng dung
cong nghiép qudc phong. Hé théng thi gidc co thé
duoc phén thanh hai 16p, theo nhu ciu tric cua he, d6
1a hé co camera gin cd dinh song song vdi tryc nong
siing va h¢ co camera gan doc 1ap nhu mot may ngim
(thay cho cot ngam cua cac hé phao thong thuong).
Trong hé camera c6 dinh, camera dugc gan co dinh so
voi hé toa do thyc cua gia diéu khién cua phéo. Muc
dich cua hé nay 1a cung cép tin hiéu didu khién sao
cho truc nong sing hudng t6i vi tri myc tiéu can tiéu
diét nhu mong mudn. Muc dich cua ciu tric hé 1a
diéu khién truc nong sung sao cho anh ctia muc tiéu di
dong ludn ludn dugce duy tri & vi tri mong mudn trén
mat phéng anh thu dugc. Trén co so anh thu dugc tir
camera, dugc s hoéa va tich hop trong vong diéu
khién phan hoi, hé thong diéu khién cac kénh tim,
hudng. Dé cai thién chat lugng cua hé diéu khién
bam, céc thuat diéu khién khac nhu thich nghi, téi wu,
loc Kalman thuong dugc sir dung. May tinh dugc tich
hop trong vong diéu khién va lam nhiém vu tinh toan
thong tin thi gidc, nhan dang, diéu khién, giai bai todn
ban dén va du bdo muc tidu. Hinh 1 gi6i thi¢u so do
cua h¢ vii khi diéu khién bam muc tiéu di dong.
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H.1  So dé khéi hé thong bam doi tiwong di dong
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Bén canh viéc phan loai theo cAu truc, cac nha nghién
ctru con phén ra hé gia diéu khién bam dat trong moi
truong dong hay tinh. Trong moi truong dong - muc
tiéu can tiéu diét ludn thay ddi vi tri va cac dic tinh
hinh hgc thu dugc ctia nd véi moéi truong xung quanh,
tham chi méi truong xung quanh ciing ¢6 thé thay doi.
Cac nghién ctru v6i hé mdi truong tinh thi da duoc deé
cap nhiéu va ciing c6 nhiéu thanh ty nhat dinh, nhung
v6i hé dong thi gap nhiéu han ché @6 1a vé mat toc do
tinh toan dap tng thoi gian thuc, cling nhu d6 chinh
xac cua vi¢c phan tich anh.

Do véy, ¢6 nhiéu thuat toan dé cai thién toc do xur 1y
anh va xem xét dén cac yéu t6 nhidu tac dong 1én qua
trinh thu thap anh. Mot thach thirc khac cta bai toan
1a viéc phén loai déi tuong. Mot vang quan sat co thé
phai d6i mat voi rat nhiéu dbi twong khac nhau, trong
d6 chi c6 mot dbi twong quan tdm, con cac ddi tugng
khac thi khong. Do vay chung ta phai mé rong kha
ning ciia hé thong bao gdm chirc ning théng minh tyr
nhan dang chinh xac déi tuong can tim. Bé nhan dugc
thong tin vé vi tri ciia muc tiéu trong mdi truong
dong, cac dic trung ciia myc tiéu rat quan trong. Cac
dac trung hinh hoc cua muc tiéu dugc phan tich
thong qua qué trinh nhan dang. Dic tinh vé trong tdm
ctia myc tiéu c6 thé dé dang tinh théng qua momen
bac nhét cta anh, trong trudng hop méi truong tinh,
nhung trong trudng hop méi truong dong, viée nay rat
khé thyc hién vi chi phi thoi gian tinh todn 16n. Mot
giai phap hay dugc st dung dé loc nhidu, dy béo vi tri
tiép theo ctia myc tiéu, do d6 giam dang ké thoi gian
xt 1i anh, dugc trinh bay trong trong bai bao la
phuong phap phat hién chuyén dong.

Hé thdng duoc thiét ké dya trén so d6 hinh 1 dugc thu
nghiém trong phong thi nghiém cho két qua tbt, mic
du c6 mot so han che s€ dugc trinh bay ¢ phan sau.
Bai bao nay dugc td chirc nhu sau: phan thir nhit mo
ta hé bam muc tiéu di dong; phén thtr hai trinh bay vé
xdy dyng m6 hinh dong hoc cua hé thong dé xac dinh
goc quay tam hudng theo toa d6 tdm anh muc tiéu;
phan tiép theo gidi thiéu vé& thuat toan phat hién
chuyén dong, va bam muc tiéu di dong. Két qua thir
nghiém hé thong s& dugc trinh bay & phan 5. Cudi
cling 1a két luan va huéng nghién ciru tiép theo.

2. Mo ta hé théng tw ddong bam muc tiéu
di dong

H¢ bam muc tiéu di dong dugc trinh bay trong bai nay
nhu hinh 2. Hé théng bao gdm mot bé gia quay theo
hai kénh tdm va hudng, camera CCD c¢b dinh song
song v6i truc nong sung chuyén dong dong thoi theo
sding.
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H.2  Hé théng diéu khién bam muc tiéu di déng

Céu trac hé diéu khién gdm hai thanh phan chinh.
Phan thir nhét 12 phan xu 1i anh, dya vao chudi anh
lién tiép thu duogc tir camera dé nhan dang va tinh todn
vi tri cua muc tiéu lua chon. Phan thir hai 1a phﬁn diéu
khién, dua vao thong tin vi tri cla ddi tugng trong
mit phang anh, tinh toan tin hiéu diéu khién tam va
hudng sao cho anh ciia muc tiéu chuyén dong duy tri
0 chinh gilra ma hinh quan sat.

Bang 1. Cac dic trung chu yéu cua gia diéu khién

Gidi han goc Toc do max
(€219)) (bo/giay)
Tam -20°,80° 45
Hudng n-360 45

Céc thong sb cua gia diéu khién dwoc gioi thiéu nhu
trén bang 1. Do céc tin hiéu diéu khién dua trén thong
tin xtr li anh, nén mot mo hinh anh xa tir mat phéng
anh vao khong gian gia can duoc thuc hién. Hon nita,
dé giam anh huéng cua nhidu va giam khdi luong tinh
toan trong xir li anh nén cac budc tién xur li, nhan
dang, bAm anh, thich nghi cling dugc sir dung. Céc
bude nay s& 1an lugt dwoc trinh bay dudi day.

3. Xay dyng mo hinh dfng hoc gia dieu
khién
Nhim muc dich duy tri anh cia muc tiéu cang gr;m
tam cua man hinh quan sat, chung ta thiét lap mdi
quan hé tuong ddi gitra bién quan sat duorc X0 va YO0
1a toa do cua ddi tugng trén hé toa do gan voi mat
phang anh (IP), ddi véi bién diéu khién ctia gia ¢ va 6.
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H.3 M6 hinh dong hoc cua hé vii khi khao sat

Trong hinh 3, ta ¢6 thé nhin thdy rang ¢ va 0 la cac
goc quay xung quanh truc tuong ung la OZ va 0OZ’,
sao cho, sau khi di chuyén tdm cta muyc tiéu di dong
c6 toa do P(X, Y, Z) s€ dugc anh xa 1én tdm ctia mat
phing anh. M6 hinh dong hoc cua hé s& dugc thé hién
trong hai phin. Pau tién 1a xdy dung mdt mo hinh
hinh hoc x4p xi quan hé giira bién diéu khién va bién
quan sat. Tiép theo, sir dung xap xi d6 dé xay dung
mo hinh dong hoc cta hé.

3.1. M6 hinh xép xi hinh hoc

Goi OXYZ 1a hé toa do c¢b dinh gén voi gia cua gia
phéo, O XY 1Z1, O, X,Y 22,5, O3X3Y3Z5 lé\ll’l luot 1a cac
hé toa do gén v6i cym hudng, cum tam va camera. Vi
tri twong quan gitta cac hé toa do minh hoa trén hinh
3.

Goi P(X, Y, Z) 1a toa do cua muyc tiéu trén hé toa do
OXYZ. Ta can tim biéu thic xac dinh toa do cua P
trén hé toa do gén v6i camera dé tix vi tri P trén anh
do camera dem lai ¢ thé xac dinh duoc hudng cua P
trong khéng gian.

Toa dg cua P trong hé toa 4§ O X;Y17Z;:

X, X
Y1 [=Roo+Ag| Y
Z, Z
[0] [cos(—¢) -—sin(-¢) O] X
=1 0|+ sin(-¢) cos(—¢) O} Y @)
0 0 0 1)1 Z

[ X cosg+Y sing
=| -Xsing+Y cos¢
Z

Rolo 1a toa d6 cta O; trong hé toa d0 OXYZ, Ay la

ma tradn quay cua phép quay hé toa 4o quanh truc OZ
mot goc (-p).
Toa dg P trong hé toa dd O,X,Y,Z;:
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X, X,
Y, |= Rozo1 ALY
z, z,
[-a cos 0 siny || Xcosg+Y sing

=| 0 [+ 0 1 0 —Xsing+Y cos ¢

| 0 —-siny 0 cosy z
[(X cosg+Y sin ¢g) cosy +(—X sin g+Y cos g)siny —a

= —-Xsing+Y cos ¢

—(X cosg+Y sing)siny +Z cosy

@)
R0201 1a toa do cua O, trong h¢ toa d6 O X1Y1Z;, An
1a ma tran quay cta phép quay hé toa dd quanh truc

OY; mot goc .
Toa do P trong hé toa d6 O3X3Y3Z3:

X, X, 0 X,
Y, [=Ryo +| Y, [=|-b[+| Y,
z VA —-C z

2 2

(X cosg+Ysing)cosy+ (—Xsing+Y cosg)sing—a
= —-Xsing+Ycosg—b
—(X cosg+Ysing)sing +Zcosy —c
3
Biéu thirc (3’) thé hién quan h¢ gitra toa do cua P trong
hé toa d6 co dinh OXYZ va trong hé toa do gan véi
camera OSXS)(SZ,S. . )
Tt (3) co thé thay rang: c¢6 thé xac dinh dugc hudng
cua P trong khong gian (xac dinh béi cac goc ¢, y)
néu P nam trén truc O3X3. Nhu vdy néu dicu khién
duoc cac goc quay tam, hudng (¢, ) sao cho anh cua
P lu6n ¢ tim man hinh thi ta s& bam dugc P di chuyén
trong khong gian. Picu kién nay duoc thuc hién khi:

{—Xsin¢5+Y cosg—b=0

4
—(X cosg+Y sing)sing +Zcosy —c=0 @

Vi X, Y, Z la cac dai lugng chua do dugc, nén ta can
xdc dinh cac goc (¢, ) theo cac dai lugng khac co thé
xac dinh nhu m6 hinh xap xi dudi day.

3.2. M6 hinh xép xi

Gia st diém P nam trong ving quan sit clia camera.
Hinh 2 thé hién vi tri cua diém P ban du va sau khi
cum hudng quay goc ¢ dé P’ nim trén mat phing
03X3Z5 (ddng thoi quay cum tim gbc  s& chuyén P’
nam trén mit phéng 03X5Y5— khi ca 2 diéu kién nay
thoa man thi P’ s& ndm trén truc O3X3).

M Aph¥ag finh
Xpr3

YP

H.4  Phép chiéu quay trén truc OZ



Tur hinh 4 ta tinh duoc:

¢+4C'PP'=a+4EPP'=% ®)
Aa = ZEPP'— /C'PP" (6)
Suy ra: p=a+Ax @)
Mat khéc, ta cling co:
Yp
tgo = -2 8
gor=-= ®)

(Xp, Yp) 1a toa d ctia P trong mat phang anh; ) — tiéu
cu camera; a,b,e 1a cac kich thudc cua két cau quay
tam huong - camera da biét:

tang = —— PP = Yes s 9)
O,P'-0,C-CK Xps—a—-btan?
2tan ¢
Ma: tang = —2¢
1-tan’ %2
2
bat t= tang , khi d6 t 1a nghiém cta phuong trinh:
2t Yps3 (10)

1-t? Xpz-a-b-t

= (Yps—20)t2 +2(Xpz—a)t—Ypz =0  (11)

Phuong trinh ndy c¢6 2 nghiém trai dau, v6i cach quy
udc toa o nhu hinh 1, thi t trai diu v6i Ypg, do d6 ta
liy nghiém am.

XPS_a+\/(XP3_a)2 +Yp3(Yp3 —2b)

t=— 12

Yoy —2b (12)

va: tan¢:Y¢ (13)
Xpg—a—b-t

@ 1a goc quay can xac dinh phy thudc cac dai lwong 1a
Xpz, Ypz ma ta khong do dugc. ¢ sai khac véi oo mot
lugng Acar xac dinh theo phuong trinh (7).

Ta can xac dinh diéu kién d¢ Aa— 0thi c6 thé lay
gan ding ¢ = o. Khi d6 c6 thé tinh duoc ¢ qua cac dai
luong do dugc 1a yp va .

Tu (7) suy ra:

tang—tana

tanAax=tan(p-—a) =————
l+tang-tana

(14)

Véi tana va tane lan luot xac dinh theo (8) va (13).

Diéu kién: A — 0 théa min khi:

®  Yp3—>0: khi hé diéu khién bam chinh xac muc
tiéu;

e Xpsl Ypg,a,b: khi khoang cach t&i muc tiéu rat
16n so véi YP3, va cac kich thude gia a, b, c.

Cac di€u kién nay 1a phu hop v6i thye t€ sir dung cua

gia phao dang xét: muc ti€u tr vai tram dén hang

VCCA-2015

nghin mét; cac kich thudc a, b, c nhé hon 300mm; vi
goc quan sat cia camera nho nén d€ nhin thay muc
tieu thi Yps U Xps. Do do ta c6 thé lay gan dung

p=c.
Vi nhan xét nay ta co:

__ Y
¢ = —arctan( 7 ) (15)

Cong thirc (15) biéu dién quan hé giita vi tri ciia muc
tiéu trén hé toa do anh va cac bién diéu khién cia gia,
qua d6 ta c6 thé diéu khién gia sting sao cho anh ciia
muc tiéu tién téi chinh giira cia mat phang anh.
4. Phuwong phap phat hién va bAm muc
tiéu di dong

Phat hién muc tiéu chuyén dong la budc quan trong
trong h¢ ty dong phat hién va bam muc tiéu. Muc dich
clia qua trinh nay 1a thyc hién cac phép xtr 1i anh dé
tim kiém d6i twong can quan tdm - cac thudt toan,
phuong phap phat hién ddi twong duge trinh bay ky &
cac bai bdo [14-16] cua tac gia -, xac dinh vi tri ctia nd
trong mat phang anh hién thoi.

H.5 Mot sé hinh anh phat hién doi tirong tiéu biéu

4.1. Phwong phap phat hién chuyén dong

C6 nhidu phuong phép tiép can dé phat hién chuyén
dong trong hinh anh video lién tuc [1-5] cu thé duoc
trinh bay k¥ ludng cua mot s6 tai liéu tham khao cung
tac gia [11-16]. C6 thé so sanh khung hinh hién tai
v6i hinh nén ching ta chup tir ban dau khi bat
camera hodc tir khung hinh truéc. BSi véi phuong
phap thir nhat thi don gian va giam dugc viée xu 1y.
Tuy nhién, cach tiép can c6 mot bat loi 10n 1a didu
gi s& xdy ra, vi dunéu co mot dbi tuong dang di
chuyén & frame dau tién, nhung sau d6 no da
bién mat. Phuong phép tht hai thi xtr 1y phirc tap
hon, xir 1y nhiéu hon nhung lai thich nghi véi moi
moéi truong, ké ca moéi trudng it thay ddi hodc thay
d6i nhiéu. Nhuoc diém 1a néu dbi twong di
chuyén mot cach rat cham thi hé théng khong
phat hién ra. Nhung c6 thé giai quyét bang cach ting
s6 khung hinh trén gidy. Trong bai bdo nay s& gisi
thiéu theo phuong phap thu hai.



Gia sir rang chung ta c6 mot ban gbc 24 bit RGB 1a
hinh anh hién tai (imgl) va khung hinh truéc do
(img2), mdt ban sao mau xam cua nod (gray imgl) va
(gray_img2). Trudc hét, ching ta hdy tim nhitng khu
vuc noi hai khung hinh khac nhau bang cach trir timg
pixel cta 2 khung hinh xam kia va so sanh voi mét
ngudng cho trudc. Tiép do, ching ta s€ nhan duogc
mét hinh anh ¢ dau ra (result) voi cac diém anh
mau tring noi ma nhiig diém anh cua khung hién tai
khac v6i khung hinh truéc d6 véi mot ngudng cho
trudc & trén con lai mau den. Ta co thé dém cac
diém anh mau tring va néu sé diém anh cua né 16n
hon mét mirc d¢ bdo dong xac dinh trudc ching ta
c6 thé bao hidu v& mot su kién chuyén dong. Luu
d6 thuat ton duge thé hién & hinh 5.

4.2. Thuit toan bam muc tiéu di dong

Khi ¢6 sy di chuyén giita 2 khung hinh ta s& xac dinh
dugc toa d6 16n nhat va nho nhat trén mdi hang, cot
ma & do pixel cta hai khung hinh cé gia tri khac nhau,
sau do ta sé tim duoc gia tri trung binh cta cac toa do
kia d6 1a tdm ctia dbi tuong di chuyén. Néu tim nay
nam ngoai diém anh ma dinh nghia trudc 1a diém giita
clra sO quan sat thi diéu khién dong co quay tam,
huéng tiiy vao 1 vuot diém giita nhu nao sao cho sai
sO gilta thm dbi twong voi tdm cua sd 1a nho nhit.
Céch xac dinh thong sé diéu khién dé dat dwoc sy
tuong quan gitta tAim ndng siing va tim cira sd quan
sat dugc tinh theo cong thire (15). Luu do thuét toan
duoc thé hién ¢ hinh 6.

I Thu khung hinh hién 131, vit truee ]
Y
I Chuyen thanh danh xam ]

I So sdnh time pixel cia 2 dnh ]

Y

v Pixel inh

\ 2 - diura
Pixel anh dau mau den
ra mau trang I

Khong
chuyén

= |

H.6  Luwu do thudt todn phat hién chuyén dong
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H.7  Luu do thudt todn bam déi twong

4.3. So' db chirc ning cia hé théng diéu khién bam
Heé truyén dong gia sing 1a hé tiy dong bam vi tri, nd
duoc xay dung voi so dd chung cua mot h¢ bam vi tri,
¢6 vong phan hdi vi tri dé dam bao hé thong ludn tir
ddng tao tin hiéu diéu khién bam theo tin hiéu dau vao
dinh tru6c mot cach chinh xéc, véi sai sd vi tri
AB=p—-pB=0, Ae=¢ —£=0. Déng thoi, nang cao
chét luong cua hé thong truyén dong, chung ta tién
hanh s dung cdc vong phan hdi toc d6, mach hiéu
chinh ndi tiép theo toc d6 va vi tri. Nhu vay, so d6 co
ban cuia hé¢ bam dugc xay dung:

Encoder
kénh hutng

can 6 1
CPU Board y
|CAN | DRIVER o
Didu @ @
Encoder
dong co
Encoder (4]
kénh tim_|*
udn dibu khién|—| SVPC
e 12vDC
va dong lye 24VDC
Mach bin

H.8  So do chite ning ciia hé diéu khién bam

5. Két qua thir nghiém hé thong




(b)
Hé théng dugc x4y dung bao gdm mét gia tim hudng

cf}a sung 14,5 mm, nhu hinh 1, véi cac dac trung chu
yé€u cua hé gidi thi¢u trong bang 1. Camera 27X auto

o001 |-

(d)

(®)
H.9  Hinh dnh thir nghiém tai truong ban TB4 Hoa
Thach

focus cua hang Sony, c6 tiéu cu A = 12mm, tin hiéu ra
video 30 hinh/s, tim quan sat 2km.

Qué trinh thu thap anh va sé hoa anh dwoc thyc hién
nho card PCI video AverMedia EZCapture ctia hang
AverMedia, tc do xir i 33ms/anh. Thiét bi tinh toan
va diéu khién 1a mot may tinh Touchscreen man hinh
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12" LCD, theo chuén PC104, tan s6 xu li 1.6GHz, do
hing ADVANTECH ché tao. Phan mém ciia hé diéu
khién va xir li anh dugc viét bang ngén ngir Borland
C++ trén moi truong Windows.

Thuc nghiém hé thong véi muyc tiéu dat cach camera
1a 900m. Muc tiéu di chuyén vé6i toe do trung binh 50
km/h. Két qua thyc nghiém théy réng, hé bam muc
tiéu di dong véi toe do xir li anh khoang 20 frame/s.
Thi nghiém ciing chi ra ring, khi muc tiéu di chuyén
v6i toc @6 nhanh thi anh muc tiéu s& di chuyén ra
ngoai vung quan sat cia camera, do vay h¢ s€ khong
bam duoc muc ti€u. Cac thuat toan xir li anh va bam
s& dugc cai thién nham tang chét luong cua hé¢ théng.

6. Kétluin

Bai b4o nay dd mo ta ngin gon hé théng vii khi tu
dong bam muc tiéu di dong st dung thong tin phan
hoi tir nhan dang anh muc tiéu. Bong hoc cua hé duoc
xay dung, vi tri cla déi tugng trong anh dugc tu dong
phat hién theo ky thuat dd dugc trinh bay & trén.
Nham muc dich duy tri myc tiéu ¢ tam ctra s6 anh. Hé
thong da cho két qua tot khi thir nghiém, tuy nhién dé
nang cao tinh on dinh va tbc do bam, céc nghién ciru
tiép theo s& dwoc thuc hién dé hé théng hoan chinh
hon.
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