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TOM TAT

Cdc muc tiéu nho dwoc thé hién trén birc anh hong ngoai nhir mét dom sang nho, khong mang
bt cir ddc trung ndo ciia muc tiéu, kho bi phat hién, nhung lai la doi tugng ciia cdc thiét bi trinh
sdt, phat hién, theo déi tam xa. Trén co s cdc dic diém cia muc tiéu hong ngogai nho va thudt
toan Top-hat, dua ra phirong phdp sir dung bé loc Top-hat theo hwéng d@é loai bo phong nén va
ting cuong muc tiéu. Loi dung heong thong tin phong phii trong cdc bikc dnh lién tiép ciia mot
video va su thay doi vi tri chdm chap giita cac khung hinh, sir dung phirong phdp tim kiém tir cdc
vung lan can vi tri muc tiéu o khung hinh truoc dé xac nhan muc tiéu, qua do, han ché bé lot doi
twong dang theo déi. Két qua thir nghiém cho thdy, thudt toan Top-hat theo hwéng rt hiéu qud
trong viéc phdt hién muc tiéu nhé trong phéng nén phirc tap, két hop véi thudt todn xdc nhdn
muc tiéu ciia cac khung hinh lién tiép nhau, cho phép theo doi chinh xdc muc tiéu quan tim.

Tir khoa: Muyc tiéu hdng ngoai nho; Top-hat; Theo dbi; trinh sét.
1. MO PAU

Muc tiéu nhé 1a nhitng muc tiéu khi tao anh trén ma tran cam bién héng ngoai chi co kich
thuéc khoang 9 x 9 (diém anh) tro xudng [1]. Phat hién myc tiéu nho hdng ngoai 1a mot ky thuat
quan trong trong cac hé thong phat hién, theo ddi va din duong, dugc tng dung rong réi trong
trinh sat trén khong, dan dudng chinh xac, canh bao sém, trinh sat va tim kiém mat dat, trén
bién,... Tuy nhién, cac muc ti€éu nho nay chi dugc thé hién & dang muc tiéu la mot diém nho trén
mot birc anh chup 6 cu li xa, khong chira cac dac trung ciia myc ti€u nhu bién dang va cac duong
nét dé c6 thé bi phat hién mot cach dé dang [2]. Trong thuc té, cac tmg dung sir dung thuat toan
phat hién muc tiéu nho thuong dbi mat véi thach thirc nhu phong nén cta birc anh thay dbi nhanh,
nhu tén ltra chdng tau chién, may bay chién ddu bay vdi toc do cao, doi khi phong nén thay doi
lién tyuc trong khi muc tiéu hiu nhu khéng thay ddi trong hau hét thoi gian [3]. Trong mot sO ung
dung khéc, nhu tim kiém muc tiéu trén mat bién, mic du phong nén khong thay d6i nhiéu, tuy
nhién, dudi sy chiéu xa ctia 4nh ning mit troi, dinh cia cac con séng tao ra nhiéu ving sang co
nhing dic trung nhu cia cic muc tiéu nho [4]. Pic diém it thong tin vé duong nét va do tuong
phéan thap [5], nhidu nén, nhidu cam bién hong ngoai ciing gy kho khin cho viéc phat hién muc
tiéu. Do d6, cac phuong phéap truyén thong dung dé phat hién cac muyc tiéu 16n hau nhu khong co
tac dung trong viéc phat hién cac muc tiéu nho. Nhitng nim gan day, rat nhidu phuong phap dugc
phat trién dé khic phuc nhimg thach thirc nay, c6 thé phan ra 1am 4 loai phuong phép:

Phuong phap dua trén dic tinh thi gidc dua trén mo phong cach thirc phat hién cta hé théng
thi giac con ngudi (HVS). Cac phuong phép duya trén dic tinh thi gidc sir dung cac dai lugng biéu
trung cho thi giac va cac co ché thi giac nhu d twong phan cuc bd, ban dd do ndi bat truc quan,
tron tong hop da dic trung, da do phan giai dwoc dua vao phat hién muc tiéu nho hdng ngoai [6].
Céc phuong phap nay mic di hiéu qua cao, nhung tdc do xir Iy cham.

Thuat toan phat hién dua trén cAu trac dit liéu hinh anh st dung tinh tu twong quan khong cuc
bd clia nén trong hinh anh hong ngoai va cac dic diém thua thét ciia muc tiéu. Cac phuwong phép
dién hinh dya trén cau trac dir liéu hinh anh cht yéu bao gdm mé hinh khéi anh hong ngoai (IP)
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va phan tich thanh phan chinh manh m& (RPCA). Cac phuong phép nay cho hiéu qua xur 1y tdt,
nhung do viéc bién d6i ma tran tiéu ton nhiéu thoi gian va tai nguyén may tinh, khong thich hop
tinh toan trong thoi gian thuc.

Céac thuét toan phat hién dya trén k¥ thuét hoc sau co thé trich xuét cac dic trung trung va cao
cép thong qua qua trinh huan luyén dé biéu thi muc tiéu nham cai thién tinh manh mé cia viéc
phat hién muc tiéu [7, 8]. Nhung muc tiéu hong ngoai nho c6 kich thude qua nho, khong c6 hoa
véan va duong nét, thiéu dic trung vé két cAu, khong thé trich xuat ra cac dic trung hitu ich cho
mo hinh, khién cho hiéu qua phat hién khong cao. Kha ning xtr 1y trong thoi gian thuc kém va
kho thuc thi trén cac hé théng mach dién FPGA hoac DSP.

Cac phuong phap dua trén ky thuat loc nhidu mic du ra doi sém nhét nhung dén hién tai van
dugc ung dung nhiéu nhat st dung cac bd loc duge xay dung dya trén cac thong ké vé quy luat
phan bb coa phong nén va muc tiéu dé giam thiéu sy anh huéng cua phong nén va lam ndi bat
muc tiéu [9]. Xuat phat tu dic diém muc tiéu c6 do sang troi hon xung quanh, phuong phap sir
dung bd loc Top-hat (dinh mii) chi v&i thuét toan tinh todn don gian nhung cho hiéu qua rat tét
[10]. Tinh toan dén dic tinh cia muc tiéu nho c6 do sang tréi hon phong nén theo moi hudng ma
thut toan Top-hat chua l¢i dung, Suyog D. Deshpande dua ra phuong phap phat hién muyc tiéu
nho bang bd loc “max — mean va max — median” [11], tuy nhién, thuat toan nay yéu cau st dung
nhiéu b loc, kho phat hién muc tiéu c6 d6 sang thay doi dot ngot va toe do xir Iy cham.

Trong cac phuong phap trén, phu'orng phap sir dung b loc Top-hat véi do phirc tap khong
cao, thyc thi d& dang, c6 thé xtr 1y thoi gian thue, dap Gmg dugc yéu ciu cia phat hién va theo ddi
cac myc ti€u van dong hong ngoai nhd. Trén co sé thuat toan Top-hat dbi xung, bai bao dua ra
céc thong ké vé muc tiéu va phong nén, tir d6, cai tién bd loc Top-hat dé chi loc theo cac phuong
hudng don 1€ véi muc ti€u lgi dung tinh chét troi hon phong nén vé moi hudng ctia muyc ti€u nho,
loai bo t6i da cac ddi tugng khong phai muc tiéu hong ngoai nhé ra khoi buc anh. Ngoai ra, loi
dung luong thong tin 10n trong video, sir dung phwong phap xac nhan muc tiéu bang video, qua
d6 han ché bo lot muc tiéu dang theo doi.

2. CAI THIEN BQ LQC TOP-HAT VA XAC NHAN MUC TIEU
TREN DU LIEU PA KHUNG HINH

2.1. Cac dac tinh ciia muc tiéu hong ngoai nhé va phong nén

Mot birc anh hong ngoai chira myc tiéu nho ¢ thé coi dwoc ciu thanh boi 3 thanh phan gom:
muc tiéu nho, phdng nén va nhicu. Va co6 thé dugc bi€u thi bdi cong thic:

f&xy) =frxy) + fpxy) + fn(x y) 1)

Trong do, f, fr. f3 va fylan luot biéu thi anh hong ngoai gdc, anh muyc tiéu nho, anh phong
nén va anh nhiéuy, (x,y) 1a vi tri ctia diém anh trén birc anh. Cac thuét toan duoc su dung dé phat
hién muc tiéu hong ngoai nho thuong loi dung vao sy khac blet gitra cac ddc tinh cua muc tiéu
nho fT va phong nén fg- Cac déc tinh dugc xet dén bao gom dd choi, hinh dang va su dich
chuyen Su khac biét cua muc tiéu va phong nén dugc tang cuong dé khién cho muc tiéu dé dang
bi nhan ra trong phong nén.

Muc ti€éu nho thuong 1a myc tiéu ¢ xa, do do, nd bi anh hudng bdi sy tan xa va ha"ip thu cua
khong khi. Ngoai ra, ciing nhu cac muc tiéu khac, qua trinh tao anh muc tiéu nho ciing bi anh
huong boi hién tugng méo anh ctia vat kinh, 1éch ti€u ciia cam bién, khién cho muc tiéu nho
thuong 1a mot ddm sang nho 6 kich thudc khoang tir 2 x 2 dén 9 x 9 diém anh, voi do choi phan
b tudn thi theo cong thirc phan bd Gaussian:

1{ (x —x0\2 ~ %)\’
fr(xy) = Ay x exp{_5<<x Gxo) F (y f’y0> )1 ?
" y
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Trong do, (x¢,yo)la tim ctia muyc tiéu, A,la d6 choi 1on nhét, o, va 0y 1a d0 mo rong tinh tir
tam clia muc tiéu theo phuong doc va phuong ngang. Muc tiéu nho thuong 1a mot diém ndi troi
s0 voOi phong nén, khi so sanh v6i phong nén, muyc ti€u nho co6 cac dac diém sau:

Dic diém 1: Muc tiéu nhé ¢6 d6 choi 16n hon hodc nhd hon phong nén & moi huéng.

Dic diém 2: Muc tiéu nho c6 thé coi la d6i xting do dic tinh phan b Gaussian, d6 chénh léch
dd roi ciia myc ti€u so voi phong nén co thé coi la bang nhau trén moi hudng.

Pic diém 3: Muc tiéu nhé dich chuyén cham va lién tyc trén anh hong ngoai.

2.2. Thuit toan Top-hat dién hinh dé phat hién muc tiéu hong ngoai nhé.

Thuat toan Top-hat cé dién c6 hiéu qua cao trong viéc phat hién ra cac d6i twong nho trong
mot birc anh ngay den trang, nhung t0 ra it hiéu qua hon trong viéc phat hién muc tiéu nho trong
anh hong ngoai do nhidu phong nén 16n. Do d6, Bai va cong su da dua ra thuat toan cai tién [12]
va duoc str dung rong rdi trong linh vuc ndy, coi muc tidu nho 1a cac ddém sang hon phong nén,
cong thtrc cua thudt toan Top-hat nhu sau:

NTH(x,y) = f(x,¥) — f * Boi(x,y) ®)

Trong d6, B,; 1a don nguyén Iya chon két ciu doi (SEs) gdm B, 1a két ciu ngoai (outer SE),

con B; la két cau trong (inner SE). Phép toan f * B,; trong cong thirc (3) dwoc dinh nghia nhu sau:

f*Boi(x,y) = (f @ AB)OB,(x,y) (4)

f B Boi(x,y) = (fOAB) @ Bp(x,y) (5)

O day, Bpla két céu doi c6 kich thudc tir B; dén B,, AB = B, — B;, phép toan @ la phép toan

gidn né anh, O 1 phép toan dn mon anh. Kich thudc va mdi twong quan cua B;, B,, By, AB dugc
thé hién trén hinh 1.

‘415‘
l
|

Hinh 1. Quan hé ciia cdc két cau trong thudt todn Top-hat.

Trong thuat toan Top-hat, dau tién sir dung phep toan gian nd anh, dién gla tri mac xam mdi
cho cau trac trung tdm (hinh 1-vung & gitra mau trang) bang murc xam I6n nhat trong khu vuc 1an
can AB, bing cach nay c6 thé loai bo céc loai nhidu véi bién do am cua muc tiéu. Tﬂlep theo, anh
sau khi gidn n¢ dugc an mon badi phép toan dn mon, dién gia tri mac xam cua diém anh trung
tdm cau truc bang gié tri mirc xd&m nho nhat trong toan khu vuc By, bang cach nay c6 thé loai bo
cac loai nhiéu mang bién do duong cua muc tiéu. Tiép theo thyc hién phép toan f — f * By, co
thé tach dugc muc tiéu ra khoi phong nén, dong thoi loai bo duge su anh hudng cua nhidu dén
hiéu qua phat hién muc tiéu.

Tuy nhién, bat ké thuat toan Top-hat truyén thong hay thuat toan Top-hat céi tién déu khong
lgi dung cac dac tinh tha 2 va tht 3 ciia myc ti€u nho, do do kho phat hién ra cac muc tiéu khi nd
c6 d6 sang chénh léch khong 16n so véi phong nén, dac biét 1a cac phong nén c6 nhicu dudng nét.
2.3. Thuit toan Top-hat theo hwéng phat hién muc tiéu hdng ngoai nhé

Muc tiéu nho c6 thé coi la d6i xtmg do dic tinh phan b Gaussian, do chénh léch d¢ roi cua
muc tiéu so voi phong nén co the coi 1a bang nhau trén moi huéng, do do, khi lay gié tri x4m cla
muc tiéu trir di gia tri x4m cta mdi viing 1an can muyc tiéu ta ludn c6 gia tri gn nhu khong doi.

Con dbi voi phong nén phuec tap chira nhiéu viing sang co dudng nét, hiéu cua gid tri xam cua

vung trung tdm va moi vung lan cén déu co su khac biét 16n. Diéu nay ciing din dén, néu thuat
todn top-hat khong sir dung tat ca dir liéu clia cac diém anh 1an can don nguyén trung tim, ma chi
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tinh toan dua trén cic diém anh nim trén mot huéng nao do, thi két qua ciia phép tinh khong
thay d6i nhiéu néu ving dir liéu can tinh c6 chira muc tiéu, nguoc lai gia tri nay sé thay d6i nhiéu
néu vung dit lidu can tinh 1a nhidu tap. Loi dung ddc tinh nay, dua ra mo hinh Top-hat theo
hudng, c6 cong thuc nhu sau:

f *Bg(x,y) = (f © ABg)O(By, + ABy)(x,y) (6)
f O Byi(x,y) = (fOABg) © (B, + ABg)(x,y) (7)

a) So do cua két cau déi theo  b) So do nhitng diém anh thudc c) So do nhitng diém anh
huong 45°. vung By, + ABy. thugc vung ABg.

Hinh 2. B loc Top-hat theo hudng 45°.

Trong d6, By (hinh 2a, cac diém mau do) 1a don nguyén trung tim (gdm nhiéu diém anh trong
mot hinh vudng), AByla tap hop cac diém anh bao quanh don nguyén trung tdm theo huéng 6
(0 = 07,459,909 ...), thi du trong hinh mé ta thuat toan theo hudéng 8 = 45°. Theo cong thuc
f * Bg(x,y), dau tién s dung thuat toan gidn no f @ ABy dé thay thé tit ca cac diém anh ¢
ving trung tdm (mau do) bang gi4 tri xdm cao nhat cua tit ca cac diém anh theo hudng 6 (ving
xanh da troi). Sau do, phép toan ©(B,, + ABg)thay thé tit ca cac diém anh & ving trung tim bang
gi4 tri nho nhat cua ving By, + ABy. Két ctia ctia phép toan f = By (x,y) la thay thé tat ca cac
diém anh & viing trung tdm bang cac diém anh cua ving phong nén theo huéng 6. Do d6, néu
Xuit phét tir don nguyén trung tdm theo hudng 6 la mot duong bién, két qua duong bién van
dugc gitr nguyen, néu chi c6 trung tdm troi hon phong nén, viing trung tdm s& bi x6a di vi bi thay
thé boi phong nén trén huong 6. Tir 4o, lay két qua cua phép toan f — f * By(x,y), phong nén
va cac muc tiéu c6 duong bién sang s€ bi triét tiéu, chi con lai cac muc ti€u nho.

Twr d6, cong thirc sau dugc sir dung dé loai bo phong nén va gitr lai cac muyc tiéu nho:

DMFg = f — f * Bg(x,y) 8

Trong d6, DMF,la gié tri sai khéc giita anh géc va anh sau khi sir dung b loc Top-hat theo
huéng 6.

Theo cong thic (6), mic du bd loc Top-hat theo huéng s& khién cho do xam cua muc tiéu nho
trén buc anh ban dau bang Véi gid tri 16n nhét theo huéng cua b loc (husng 6), nhung ddng thoi
n6 ciing khién cho cac diém xung quanh muc tiéu hong ngoai nho va mot sé diém dau hoac cudi
clia cac dudng bién ¢6 mic xam cao bang muc xam caa muc tiéu nho. Tai cac diém nhu vay s&
O f * By(x,y) > f, ddn dén DMF, < 0. Do d6, ta thém diéu kién cho cong thirc (8) dé trong birc
anh cubi khong xuat hién cac gia trj am. Khi d6, cong thirc (8) chuyén thanh dang:

DMFG :max((f_f*Be(xJ/)):o) (9)

Vi viée dat mot gia tri ngudng hop 1y, c6 thé d& dang tach rdi cac muc tiéu ra khoi phong

nén tir DMF,. Trén mét s6 huéng 6 sau khi tdich muc tiéu, ngodi muc tiéu hdng ngoai nhé con

xuat hién thém mot sb nhiéu tap tir béi canh, tuy nhién, do tinh ddi xing caa muc tiéu nho va

tinh bat d6i xtmg cua nhiéu tap, khi két hop két qua tinh toan DMF cac hudng 6, DMFy ctia muyc

tiéu nhoé gin nhu khong ddi, con DMF, cua nhiéu tap trén mot sb hudng s& rat nhé va mot sd
hudng s& rat 1on. Do d6, dua ra cong thic sau dé loai bo nhidu tap:

DMF = 6=00;4£%}&)0;1350(DMF9) (10)
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Trong d6, DMF la gia trj nho nhat cia DMFg trén cac huéng 6 = 0°; 45°; 90°; 135°.
2.4. Xac nhan muc tiéu dua trén dir liéu video

Khi & cu li xa, myc ti€u can di chuyén véi van toc rat 1é6n mai khién cho vi tri dnh cua n6 thay
doi dang ké trén ma trdn cdm bi€n. Van toc nay 1én hon da s6 cdc muc tiéu hong ngoai thong
thuong, vi vay, co thé coi vi tri ciia vat the thay doi rat it trén 2 frame lién nhau. Khi da xac dinh
dugc vi tri chinh xac cua muc ti€u & mot frame nao do, néu cé nhiéu nhiéu tap dan dén khé phan
doan dau mai 1a muc ti€u ¢ frame tieép theo, chi can tinh khoang céch tir vi tri cia muc ti€u trong
frame trudc dén cac vi tri ¢6 kha nang cd6 muc ti€u hién tai, khoang cach nao nho nhat chinh Ia
khoang cach dén muc tiéu ¢ frame hién tai.

3. PANH GIA VA THU NGHIEM

3.1. Dir liéu

Dé danh gia hiéu qua cta thuat toan, ldy tuy y 5 birc anh trong bd dit liéu vé muc tiéu hong
ngoai nhé do Hoc vién Hang khéng luc quin Trung Qudc thu thap dé 1am di liéu dau vao. Bo dir
liéu chira cac muc tiéu h6ng ngoai nho cua cac loai myc ti€u di chuyén trong nhiéu diéu kién
phong nén va di duoc nhiu bai bao co hé s trich dan cao sir dung dé dénh gia hidu qua thuat
toan. Trong hinh, cac muc tiéu nhé da biét trudc duoc khoanh trong dudng tron mau do.

b)
Hinh 3. Hinh anh dwoc sir dung dé danh gia hiéu qua thudt todn.

Ngoai ra, dé kiém ching kha nang phat hién cua hé thong dang sir dung, bao gdm camera
hong ngoai budc song ngan va may tinh, mot dén pha hdng ngoai voi dai pho phat sang trong
vung 0,4 ~ 12 um; dinh pho ¢ bude song 1,5 um duge chon 1am muc tiéu héng ngoai nho. Bén
phat duoc dat trong mot s6 phong nén thanh phé va rumg nii, hinh anh cua dén chlqu hdng ngoai
thu bdi camera hong ngoai budc song ngan, dai pho lam viéc 0,9 ~ 1,7 um, dinh pho & 1,5 pum.
3.2. Panh gia hi€u qua cia thuit toan

Dé danh gia hiéu qua cua thudt toan, sir dung dai lugng dinh lugng kha nang loai bo phong nén
ctia thuét toan (BSF) va tin/tap (SCRG) da dugc st dung nhiéu trong mét s6 bai bao [9, 13-15]:

BSF = i SCRG R (11)
Cnut ' SCR out
Trong d6, C va SCR 1a do 1éch chuén va tin/tap ctia anh, in va out biéu thi buc anh trude va
sau khi xtr Iy. Thong thuong cac dai lugng BSF va SCRG c6 gid tri cang 16n thi muc tiéu nho
cang dé& dugc tach rdi khoi phong nén. Dé xem xét hiéu qua ciia thuat toan, so sanh cac tham sb
trén cua thuat toan Top-hat theo hudng vaéi thuat toan Top-hat thuong va thudt toan AdMD [15].

Dé kiém ching hidu qua cua thuét toan Top-hat theo huéng cho hé phat hién dén pha hdng
ngoai. Pén pha hong ngoai duoc ¢b dinh trén gia 3 chan, co thé mang vac dé bd tri & cac vi tri.
Camera dugc dat ¢ dinh ¢ tram quan sat. Tién hanh lay hinh anh thir nghiém ¢ cac diém khac
nhau. D6i véi phong nén do thi, trong phong nén c6 mot s6 thiét bi chiéu sang nhan tao, nhung
d6 sang nho hon dén pha va kich thude da dang. Mot sé d6 vt cling phan xa anh sang mit troi
manh hon xung quanh. Trong moi trudong ddi nai, mot sd vung dat d4 hodc vat liéu nhan tao khi
bi anh sang mat troi chiéu xa truc tiép cling phan xa manh buc xa ¢ vung nhay sang cuia camera.
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Dén pha duoc bat theo hi¢u 1énh dé x4c dinh vi tri tha cong, vi tri nay dugc dung dé xac nhan
d6 chinh xac cuia thuat toan. May tinh xur ly truc tiép hinh anh thu dugc va hién thi két qua trén
man hinh.

3.3. Két qua thir nghiém va binh luin

BSF va SCRG cua cac thuat toan trén cac birc anh khac nhau dugc tinh toan va liét ké trong
bang 1. B¢ cho d¢ quan sat hi¢u qua tinh toan mét cach tryc quan, cac bic anh sau khi xir 1y
dugc chuyén thanh dang dir liéu 3D trén hinh.

Bdng 1. BSF va SCRG cua cdc thudt todn.

Buc anh Anh a) Anh b) Anh ¢) Anh d) Anh ¢)

Tham s6 BSF | SCRG | BSF | SCRG | BSF | SCRG | BSF | SCRG | BSF | SCRG

Top-hat theo

hué 3293| 18 |[361| 58 54 25 | 139 | 12 |1235 0
udng

Top-hat 8.79 09 |164 | 32 46 1,4 81 1,7 34,3 5,6

AdMD 32.02 | 1,25 | 448 8 73 1 225 | 0,86 93 4,3

Theo két qua bang 1, BSF ciia thuat toan Top-hat theo huéng va AIMD ddi v6i anh a) gan
bang nhau, tuy nhién, trong truong hop nay SCRG cua thuat toan Top-hat theo hudng lai cao hon
AdMD. Déi voi anh b), BSF va SCRG ciia thudt toan Top-hat theo hudng nho hon rat nhidu so
v6i thuat toan AMD nhung lai cao hon rat nhiéu so voi Top-hat thuong. Véi anh ¢, Top-hat
thuong biéu hién khong tot, AAMD c6 BSF cao hon nhiéu so v6i Top-hat theo huéng nhung lai
¢6 SCRG kém hon Top-hat theo hudng. Trong anh d) BSF va SCRG cua thuat toan Top-hat theo
huéng t6t hon rat nhiéu so véi AdMD, BSF ciia thuat toan Top-hat theo hudéng ciing tot hon
thuat toan Top-hat thuong, nhung lai kém hon vé SCRG. Trong anh e), thudt toan Top-hat theo
hudng biéu hién tot hon han 2 thuit toan con lai.

Trén hinh 4 da s cac truong hop (anh a, b, ¢) thuat toan Top-hat thudng cho hiéu qua phat
hién kém hon 2 thuét toan con lai. Trén hinh 4al co thé thiy, sau khi sir dung bd loc Top-hat
theo hudng, do xam tai vi tri muyc tiéu cao hon rat nhiéu so voi phong nén va nhidu tap, trong khi
d6 trén hinh 4a2 sau khi sir dung b loc Top-hat thudng, cac nhiéu tap khong duoc khur t6t, rat
nhiéu nhiéu tap c6 cuong do cao gin bang muc tiéu; trén hinh 4a3 mac du nhiéu tap da khir phan
16n, nhung ciing chi t6t hon trén hinh 4a2, mét s6 nhiéu tap c6 cuong do rit cao. Trong hinh 4b1,
méc du thudt toan Top-hat theo huéng loai bo phong nén khong tét bang thuat toan AdMD (hinh
4b3), tuy nhién Top-hat theo huéng da tang cuong dé do xam muc tiéu cao hon nhleu tap, nguoc
lai AAMD méc du loai b phong nén rat tot, nhung ciing da ting cudng cho mot s vi tri nhidu
tap co cuong dg cao gan bang muc tiéu. Trén hinh 4c, hiéu quad tang cudong muyc tiéu va loai bo
phong nén cua Top-hat theo hudng tét hon han 2 thuét toan con lai, trong khi d6 thuat toan
AdMD trong trudng hop nay biéu hién kém khi chi 1am ndi bat duoc 1 muc tiéu va bo lot han 2
muc tiéu con lai, dong thoi c6 5 vi tri nhidu tap duge ting cuong cuong do. Trong hinh 4d, thuat
toan Top-hat theo hudéng mic du khong loai bo thue su tdt phong nén, nhung cudng do cia ba
muyc ti€u cling da dugc tang cudng; thudt toan Top-hat thuong cling da tang cudng duge cudng
d6 cho 3 myc ti€u, nhung c6 2 myc tiéu khong cao hon nhiéu s0 VOl nhiéu tap; thuat toan AdMD
cho hiéu qua loai bé phong nén rat tot, nhung ciing da loai bé mat 1 muc tiéu, 1 myc tiéu khac c6
cuong d6 1on nhung lai ngang bang vai 1 nhiéu tap khac di bi tang cuong.

Nhu vay, qua hinh 4 c6 thé thdy, hiéu qua cua thuat toan Top-hat theo hudng t6t hon hin so
v6i thudt toan Top-hat thudng; hidu qua loai bé phong nén cua thuét toan Top-hat theo hudng
kém hon so véi thuat toan AAMD, tuy nhién, thuat toan Top-hat theo hudng lai khong bo ot muc
tiéu va it ting cuong cuong do cho cac nhidu tap hon AdMD rat nhiéu.
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Buc anh Top-hat theo huong Top-hat AdMD

b)

c)

d)

d1) d2) d3)

Hinh 4. Két qud phdn tach muc tiéu va phéng nén cia cdc thudt todn.

- e
-----

Hinh 5. Hinh anh thir nghiém.
Anh a dén e la anh dau vao cua thudt toan, vi tri cua muc tiéu dwoc khoanh
trong vong tron mau do, al den el la anh binary chira muc tiéu duoc lam noi bat sau xu Iy.
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Nghién ciru khoa hoc cong nghé

Khi kiém ching hiéu qua ctia hé thong & ngoai thuc dia. Cac hinh anh a, d va e muc tiéu
khong dé dang dugc phat hién boi mat ngudi nhung d& dang duoc tach ra khoi phong nén ca khi
tach ngudng tu dong va dit mot ngudng thi cong rat thap, do khi niy muc tiéu sing hon phong
nén va cc nhidu tap thudng co6 duong nét dai hogc dién tich 16n. Anh dau vao b, chup tai vi tri
ctia anh a nhung vao luc troi dang ning gat, rit kho dé nhan ra dau 1a muc tiéu bang mét ngudi,
nhung véi thuat toan top-hat theo huéng, muc tiéu duoc tach ra khoi phong nén bang ngudng tu
dong, néu dat ngudng thu cong, nhé hon ngudng tu dong mot gia tri hoi 1on mot chat, ca den pha
va mot sb nhiéu tap khac déu bi coi 1a muyc tiéu, trong trudng hop ndy d6 sang dén pha qua nho,
chénh 1éch khong dang ké so voi phong nén dic biét 1a cac vat thé phdn xa manh birc xa mat troi.
Hinh anh e c6 qua nhiéu nhiéu tap, DMF, Véi tat ca cac huéng van con nhiéu ving ndi bat,
nhung khi tinh toan DMF va dat ngudng thu cong cao hon mét chit so voi ngudng tu dong
(khoang 5%), két qua 1a thuat toan di tich muc tiéu mot cach hoan hao ra khéi phong nén.

Sau khi da phat hién duge muc tiéu, ha cong sudt dén phat bang bién trd va ha ngudng thu
cong cua thuat toan xudéng mirc thip dé birc anh sau xir Iy cua thudt toan xuét hién thém 2 dén 3
muc tiéu gia. Khi nay, két hop voi viéc xac nhan muc tiéu bang cach tinh cu li nhé nhat dén myc
tiéu ¢ frame trudc do, muc ti€u that dugc bam chinh xac 100%, khong xuét hién 13i bam.

4. KET LUAN

Loi dung cac dic tinh thong ké vé muc tiéu hong ngoai nho luén c6 d sang troi hon phong
nen & moi hudng, khac véi nhiéu tap trong phoéng nén cé do sang chénh 1éch so vo1 phong nén
rat khac biét trén cac hudng. Bo loc Top-hat theo hudng duoc thiét ké da loai bo rat tbt cac nhidu
tap hong ngoai trong phong nén va lam ndi bat muyc tiéu hong ngoai nhé. Pic tinh chuyén dong
cham cua muc ti€u do & cy li xa ciing dugc 1gi dung dé xac nhan muc tiéu dua trén thong tin vé
vi trf cia muc tiéu ¢ frame trude do. Két hop giira thuat toan Top-hat theo hudng va xac nhan
muc tiéu trén video cho phép phat hién va theo ddi muc tiéu v6i muc do tin cdy cao va 6n dinh.

Str dung thuét toan két hop nay cho phép théng qua cac thiét bi trinh sat phat hién sém céac
muc tiéu xdm nhap tir xa, hodc dé trinh sat tir xa cac ddi twong kho tiép can. Trong k§ thuat diéu
khién tén lira, thuét toan duogc st dung dé phat hién, bam va xac dinh d6 1éch cua deén dudi tén
Itra so v61 muc ti€u, tir d6 cho phép theo doi va tiéu diét myc ti€u hoan toan ty dong, thay thé cho
cac h¢ thong dleu khién thu cong da lac hau, Tuy nhién, trong phong nén phuec tap, chira nhiéu
d01 tuong gan gidng muc tiéu can theo doi, can ¢ thém céc thong ké khac vé muc tidu va phong
nén dé xac dinh duge dau 1a muc tiéu can theo doi.
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ABSTRACT

Detection and tracking of small infrared motion targets
using directional Top-hat algorithm

Small targets are shown on the infrared image as small bright spots, do not carry any
characteristics of the target, are difficult to detect, but are the object of reconnaissance and
detection equipment, according to long-range tracking. On the basis of the characteristics
of the small infrared target and the Top-hat algorithm, a method of using the directional
Top-hat filter is proposed to remove the background and enhance the target. Taking
advantage of the rich information in consecutive shots of a video and the slow change in
position between frames, using the search method from the vicinity of the target position in
the previous frame to determine the target, thereby limiting the missing object being
tracked. The test results show that the directional Top-hat algorithm is effective in detecting
small targets in complex backgrounds, combined with the target recognition algorithm of
consecutive frames, allowing precise tracking of the target of interest.

Keywords: Small infrared target; Top-hat; Tracking; Reconnaissance.
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