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TOM TAT

K thudt tron anh thong qua két hop hinh anh tir nhiéu kénh dau thu khdc nhau lai trén cing
mot hinh anh gitip phat huy wu diém cia timg logi dau thu qua d6 ndng cao hiéu qua quan sdt,
tinh gon trang thiét bi. Khdc véi tron anh den trang truyén thong, trén anh mau dwa hinh anh tir
dau thu vao cdc kénh mau khdc nhau do dé tang cieong sw néi bat hinh anh cia tirng kénh, ting
kha nang nhdn dién va ghi nhé hinh anh doi voi khung canh quan sat. Bai bao gio‘i thiéu mot
phuong phap tron anh mau nhin dém dya trén lf:y thudt z‘ruyen tdi tham sé thong ké mau trén khong
gian YUV. Phu'ong phap nay truyen tdi tham so thong ké mau ciia anh thit vao anh trén dong thoi
lya chon cdc tham 5o t6 hop tuyén tinh cac kénh ddu thu giuip anh tron tro nén chan thuc hon va
néi bét hinh dnh muc tiéu kénh hong ngoai. Danh gia bang tham so thong ké mau va truc quan
cho thdy phirong phdp trén danh mau cho hiéu qua tot.

Tw khoa: Nhin dém; Tron anh mau; Truyen tai tham sb thong ké mau.
1. MO PAU

Ky thuat tron anh két hop thong tin hinh anh thu duoc tir cac kénh dau thu riéng 1€ lai v6i nhau dé
hién thi trén cting mdt hinh anh gitp nang cao hiéu qua quan sat, don gian hoa trang thiét bi [1-3].
Ban dau n6 chi 1a nhitng t6 hop tuyén tinh don thuédn giira tin hiéu cac kénh dé tao ra anh tron 1a
anh den tra“ing nén khong phat huy hét duge vu thé cua anh tron. K¥ thuat trén anh mau dugc dé
xudt véi myc tiéu 1am cho anh tron ban dém giéng voi anh ban ngay, gitp ting kha ning phat hién
muc ti€u, thuan 1gi cho viéc nhén dinh va ghi nhé khung canh quan sat. Nghién ctru chi ra réng,
kha ning phan biét ciia mat nguoi dbi véi anh mau cao gap hang trim 1an so v6i anh den tring va
anh mau c6 thé gitip toc d6 va do chinh x4c ciia viéc nhan dién tang thém tir 30% - 60% so véi anh
den tring [4, 5].

Tron anh mau dau tién 1a cac k¥ thuat tron anh mau gia, truc tiép chuyén tin hiéu tir cac kénh
dau thu vao mau R, G, B cua anh tron [6]. Mac du dé dang thyc hién nhung né cho mau séc qua
khac so v&i mau thyc té, tao cam giac khong chan thyc, tham chi gdy kho khan cho viéc quan sat.
Sau d6, cac ky thuét tron anh mau c6 nguyén ly khac nhau duge dé xuét, muc tiéu tao ra anh trén
c6 mau gidng voi anh quan sat ban ngdy. Vi du, thuét toan dobi khang mau trén pixel (pixel based
opponent-color fusion), t& hop tuyen tinh cc phan chung va phan riéng cua tin hiéu ban dau vao
R, G, B cua anh tron qua d6 1am ndi bat thong tin ri€ng cua cac kénh ma van giit duoc thong tin
chung [7, 8]. Thuat toan truyén tai tham sd thong ké mau (statistical color transform) giup mau sdc
anh tron trd nén tu nhién va chan thyc hon bang cach truyén tai cac tham so thong ké mau cua anh
mau that (anh tham khao) vao anh tron [9, 10]. Thuét toan truyén tai mau dua trén mau (sample
based color transform) tron anh dya trén bang tra ctru gitra gia tri tin hi¢u d4u thu va mau sic tuong
mg, gilip cai thién mau sdc ctia cac chi tiét ma khong chi 1a mau sic tong thé [11, 12]. Ngoai ra,
con mot s6 ky thuat tao anh mau nhin dém ng dung cac ky thuat nhu hoc sau, mang than kinh,..
cting cho hi¢u qua tot [13, 14]. Noi dung bai bao nay xoay quanh thudt toan truyén tai tham s
thong ké mau, dé xuat mot phuong phép tron anh voi cac blen d6i tuyén tinh nhung cho két qua
tron anh mau hiu qua twong duong cac phuong phap phi tuyen phue tap khac. Anh tron duoc cai
thién vé 2 mat: 1) Nbi bat muc tiéu hdng ngoai; 2) Pua mau sic téng thé vé mau xanh luc (1a mau
sic chil dao ctia khung canh rimg nui).
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2. PHUONG PHAP TRON ANH MAU DU'A TREN TRUYEN TAI THAM SO
THONG KE MAU TREN KHONG GIAN YUV

Trong phan nay, tic gia gio1 thiéu chung vé k¥ thuat truyen tai tham sO thong ké mau, khong
gian mau YUV va nhimng diém cai tién ctia thudt toan truyén tai tham s6 thong ké mau trén khong
gian YUV trong bai bao nay.

2.1. K§ thuit truyén tii tham s6 thong ké mau

Nhu gioi thiu & phan mo dau, cac k¥ thuat tron anh mau nhin chung déu co thé tao ra anh tron
¢6 mau sdc, cai thién rd vé kha ning phan biét cac chi tiét trong anh. Tuy nhién, mau sdc dua vao
trong anh tron chu yéu khong lién quan hoic it lién quan téi mau sac ngoai thue té, thuong s€ quy
dinh mdi kénh dau thu twong ‘ung mot mau nhat dinh, dan to1 mau sdc ctia anh tron thleu chan thyc,
tong mau khac xa vo1 mau sac quan sat ban ngay. Giai quyét van de nay, k¥ thuét truyén tai tham
s6 thong ké mau dua vao anh tron mot s tham sé thdng k& mau sic dwoc lay tir anh tham khao
nham dua mau sac cua anh tron vé giéng véi cua anh tham khao. Anh tham khao 13 mot anh mau
that chup vao ban ngay cia mot khung canh tuong ty véi khung canh quan sat vao ban dém (nhung
khong nhat thiét phai tring khép véi nhau). Cac tham sé thong ké mau truyén tai vao anh tron
thuong la gia tri binh quén va phuong sai gid tri do xam cac mau cta anh tron trén cac khong gian
mau khac nhau, nhu laf hay YUV [9, 10]. Cac khong gian mau nay la mot mién trung gian dé
tinh toan tham s6 mau va truyén tai cic tham s6 ndy vao anh tron nham tiang hiéu qua tron anh.
2.2. Phwong phap tron anh mau dpa trén truyen tai tham s thong ké mau trén khong gian YUV

Khéng gian mau YUV 1a mét loai khong gian mau dugc Lién minh Truyén thong qudc té ITU
dé xuat, thuong dugc ding dé truyén tai va xir Iy tin hiéu hinh anh [15]. Véi Y 1a tin hiéu vé do
sang cua anh, U va Vv 1an luot 1a tin hiéu sic sai gilra mau lam va mau d6 so véi do sang. Khong
gian mau YUV duya vao dic tinh cdm nhén hinh anh cua thi gidc ngudi dé biéu thi hinh anh théng
qua d0 sang va séc sai, tir 46 tach riéng dugc do sang va mau sic dé thuan loi cho viéc xur 1y anh.
Chuyén dbi gitra khong gian YUV va khong gian RGB 1a mét phép bién d6i tuyén tinh, nhu 'Cong
thirc (4) [16]. Trong bai bao ndy tac gia sir dung khong gian mau YUV lam khéng gian dé thyc
hién truyén tai tham s6 théng ké mau cua anh.

Anh kha kién %
\ To hnOp Truyén Anh tron . .
tuyen tai mau sau truyén Anh tron
: - / tinh YUV @YUV mau RGB
Anh hong ngoai YU

Tham sé théng

Anh tham khao & mau YUV

Hinh 1. So do nguyén Iy phirong phép trén anh mau dwa trén ky thudt truyén tdi
tham s6 thong k& mau trén khong gian YUV.

Phuong phap dé xuét thuc hién trén anh mau gitra 2 kénh anh kha kién va anh hong ngoai dya
trén k¥ thuat truyén tai tham so thong k€ mau v6i khong gian xtr 1y 1a khong gian YUV, goi n6 la
Phuong phap tron anh mau dya trén truyén tai tham s0 thong ké mau trén khong gian YUV. Hinh 1
1a so d6 nguyén 1y ciia phwong phap nay, nd bao gdm 3 budc: 1) TS hop tuyén tinh hai kénh anh kha
kién va anh hdng ngoai tao ra anh trén ban dau trén YUV, 2) Truyén tai tham sb thong ké mau tir
anh tham khao sang anh trén ban dau trén YUV; 3) Chuyén dbi anh tron sau khi truyén tai tir YUV
sang RGB va hién thi. Trong bai béo nay, tic gia thay ddi cong thirc cta t hop tuyén tinh tir tin hiéu
anh don kénh sang anh tron ban dau trén YUV nhdm muc dich ting cudng kha niang phét hién muc
tiéu h6ng ngoai cling nhu cai thi¢n do chan thyc vé mau sic téng thé cta anh tron, cy thé nhu sau.
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Gia sir I, va I; 1an luot 1a anh cua kénh kha kién va kénh hong ngoai cta khung canh quan sat,
vi anh don kénh la anh den trang nén I, va I; 1a cic ma tran 2 chicu. Pau tién, tién hanh t6 hop
tuyén tinh giita I, va I; dé tao ra anh tron ban dau trén YUV theo cong thtrc:

Yo =mq ¥ Iv+(1_m1)* Ii
Up =my * I, + m3 * I 1)
V,=my* I, + mg* [;

O day, my, my, ms, my, ms la cac tham s6 quyét dinh chi tiét cling nhu mau sic ctia anh tron
ban dau. Ddi véi tham sb my, n6 s& quyét dinh ti 1¢ dong gop cua anh kha kién va anh hong ngoai
trong do sang cua anh tron, pham vi cua no la (0,1), néu m, cang gan dén 0 dong gop cua anh hong
ngoai cang 16n nhung cua kha klen cang nho, anh tron cang thiéu cac thong tin vé khung canh ¢
trong anh kha kién, nguoc lai néu m, cang gan dén 1, dong gop ciia anh kha kién cang 16n, nhung
dong gop cuia anh hong ngoal cang nho, kho dé nhan ra cac muc tiéu hdng ngoai cé trong anh tron.
Thong qua tinh toan tac gia lwa chon gia tri m; = 0,7, cu thé xem muc 3.1.3. Nhu da trinh bay ¢
trén, U va V lan luot dai dién cho sic sai cia mau lam va dé cua anh tron, tong mau cua khung
canh chidng ta quan sat lai thuong 14 mau xanh luc, mau sac ciia muc tiéu hong ngoai thuong dwa
vé mau do, do vay V phai hoan toan Ia tin hi¢u ctia kénh hong ngoai con U 1a phan bu d6i véi mau
tring cua ca kénh kha kién va kénh hong ngoai (vi P + Luc + Lam = Tring). Do céac hing sb va
d6 16n tham s6 s& khong anh huong dén két qua cudi cing, nén dé don gian cho tinh toan lya chon:
m, = —1,m3 = —1,m, = 0,ms = 1. Qua d6, xac dinh dugc cong thirc to hop tuyén tinh tao ra
anh tron ban dau nhu sau:

Yo=07%I1,+03x* I;
Up=—1,—1I; 2
Vo =1

Anh tron ban dau sau khi dugc hinh thanh mic di ¢6 mang thong tin ctia ca hai kénh va c6 mau
sic, tuy nhién, mau sic chwa thong qua xir Iy, dé cai thién d6 chan thuc ciia mau sic ching ta can
truyén tai tham sb théng ké mau sic cta anh tham khao vao anh trén. Anh tham khao sir dung
trong bai bao nay dugc trich dan tir tai liéu tham khao [17]. Cac tham s truyén tai dugc sir dung
gbm 6 tham s, 1a cac gia tri trung binh va phuong sai cua 3 kénh YUV cua anh tham khao. Qua
trinh truyén tai tham s6 théng ké mau thyc hién theo cong thuc:

4 _ _
= 5_2(Yo - +Y

5U

U' = 5U( -U,)+ U, @)
sy o

V' = 5V(V o) +Vr

0] day, Y, U", V' lan luot 1a YUV cuia anh tron sau khi truyén tai, lagiatri trung binhva é
1a phwong sai, ki hiéu o va r phia dudi dé chi anh tron ban du va anh tham khao, ki hiéu Y, U, V
phia trén dé chi cac kénh Y, U, V twong tmg. Anh tron trén YUV sau khi truyén tai tham sb mau
s& dugc chuyén ddi sang RGB theo cong thirc dudi day dé hién thi.

Rl [1 0 1402
Gl=|1 -0344 —0714||v’ 4)
Bl 11 1772 o llv

3. MO PHONG VA KET QUA
’Ph?m nay trinh bay cac két qua mo phong thuét toan tron anh & trén voi cac anh m?u{ la anh kha
kién va anh hong ngoai cua cac khung canh khéac nhau vdi cong cu mo phdéng la phan mém Matlab.
Két qua tron anh dugc so sanh véi cac thuat toan khac va dua ra cac nhan dinh, danh gia.
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3.1. Két qua mé phéng tron anh mau va danh gia

Hinh 2 bao gdm anh gdc (4nh kha kién, anh hong ngoai) va anh trén theo 3 phuong phap khéac
nhau (phwong phép tron mau gia, phuong phéap [18] va phuong phap dé xuit) cia 3 khung canh
(canh 1, canh 2, canh 3). Trong do, phuong phap [18] 1a mot phuong phép tron anh mau dya trén
truyén tai tham s thong k€ mau trén khong gian YUV truyen thdng trich dan trong tai liéu [18].
Ca 3 khung canh nay déu c6 phong nén 1a rimg ciy hodc doi niii véi myc tiéu hdng ngoai lan luot
la dong vat (canh 1), nguoi (canh 2) va phuong tién (canh 3).

Phuong phap tron

Anh kha kién Anh hdng ngoai e
. mau gia

Phuong phap [18] Phuong phap dé xut

Canh 2 Canh 1

Canh 3

Hinh 2. Tir trdi qua phdi lan heot: Anh kha kién; Anh hong ngoai; Anh trén mau gid, Anh trén
theo phwong phap [18]; Anh tron theo phwong phap de xuat.

Dé dang nhan thiy cac két qua tron anh mau cho du 1a phuwong phép trén mau gia déu cho hiéu
qua quan sat t6t hon rat nhiéu so voi tung kénh quan st riéng 1é voi anh den trang, thé hién wu
diém 3 rét cua ky thuat tron anh mau. Dé danh gia hiéu qua trén anh mau cua thuat toan trong bai
béo nay, tic gia so sanh két qua tron anh mau cua 3 phuong phap ké trén voi nhau. Anh duoc danh
gid theo 2 phuong phap: 1) Panh gia tham s thong ké mau trong YUV cua anh (gia tri trung binh
va phuong sai); 2) Panh gia truec quan bing méit ngudi.

3.1.1. Pdnh gid bang tham sé6 mau YUV ciia dnh trén

Chuing t6i tinh toan céc gid tri trung binh va phuong sai tham s6 mau (trén cac kénh Y, U va V)
ctia cac anh tron doi v6i canh 1 (hinh 1) va cta anh tham khéo sau d6 so sanh ching véi nhau nhu
trong biéu do ¢ hinh 3.

Y: Mau den; U: Mau do; V: Mau xanh luc
0.6
0.5

N
03 ] .

0.2
0.1

0 = Ca -
0.1 - = = -
02 | .
-0.3
-0.4 . .
Trén mau gia Phwong phap [18] Phuong phap d& xudt Anh tham khao

Hinh 3. Biéu do so sdanh gid tri tham sé thong ké mau ciia dnh trén va anh tham khao.
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Trong d6 c6 3 anh tron bang cac phuong phap d6 la phuong phap tron mau gia, phuong phap
[18] va phuong phap dé xuit. Tuong ing voi moi anh ¢ 3 cot thé hién tham so cot mau den thé
hién tham s6 kénh Y, mau d6 1a kénh U, mau xanh luc 1a kénh V. Ddi v6i mdi cot, gia tri trung
diém cua cot thé hién gia tri trung binh cia tham s6 mau, chiéu cao cta cdt thé hién gia tri phuong
sai ctia tham s6 mau. So sanh ting cot tham sé voi nhau c6 thé thdy, phuong phéap tron mau gia
cho anh tron c6 tham s sai 1éch rat nhiéu so v6i tham sb ctia anh tham khao, phuong phap [18] va
phuong phap dé xuat nho c6 qua trinh truyén tai nén tham sb anh tron rat giong v6i anh tham khao.
Trong d6, phuong phap dé xuat cho anh tron c6 tham sé gin voi tham s ciia anh tham khéo hon
so voi phuong phap [18]. Péi véi khung canh 2 va khung canh 3 ciing cho két qua twong tu, do
gidi han khudn kho cta bai bio nén tac gia khong trinh bay thém.

3.1.2. Pdnh gid hiéu qua quan sdt ciia anh trén bang mat nguwoi

Dé tiép tuc danh gia hi¢u qua ctia anh tron trén cac ti€u chi khac nhau, ching to1 tién hanh khao
sat két qua quan sat tryc tiép bang mat nguoi, day la mot phuong phap danh gia mang tinh tryc
quan c6 nhiéu yéu t6 anh hudng nhung mang tinh quyét dinh déi v6i hidu qua tron anh.

Bdng 1. Banh gia hiéu qua quan sat cua anh tron.

Tiéu chi danh gia Phat hién muc tiéu (%) P chan thye mau sic (%)
Muc danh gia
Anh mau 1 2 3 ! 2 3
Phuong phap trén mau gia 3 74 23 5 12 83
Phuong phap [18] 0 23 77 37 46 17
Phuong phép dé xuat 97 3 0 58 42 0

Cu thé nhu sau, tién hanh khao sat véi 20 nguoi trong do tudi tir 25-50 tudi, c6 strc khoe binh
thuong va khong c6 cac di tat vé mit, khong bi mu mau. Ngudi khao sat s& quan sat va danh gia
anh tron bang 3 phuong phap ké trén cta 3 khung canh theo 2 tiéu chi: Kha ning phat hién muc
tiéu hong ngoai va P9 chan thuc ctia mau sic tong thé. Danh gia theo 3 mirc 1, 2 va 3, mirc 1 trong
mg v6i hiu qua tbt nhat, tiép theo 1a mirc 2, mirc 3 14 kém nhét. Nhu vy tong cong s& c6 60 mau
khao sat va tong hop két qua nhu trong bang 1. C6 thé thay, dbi véi phuong phap dé xuat gan nhu
toan bo (97%) s6 mau khao sat nhan dinh kha nang phat hién muc tiéu hong ngoai la t6t nhat va
c6 58% s6 mau khao sat nhan dinh Do chan thuc ciia mau sic tong thé 1a t6t nhat, diéu nay khang
dinh hi€u qua vuot trdi cua phuong phap nay so vai 2 phuong phap con lai déc biét 1a kha nang
lam ndi bat muc tiéu hdng ngoai.

3.1.3. Mét 56 phan tich khéc
a) Phan tich anh hudng tham sé mq dén két qua tron anh

my=0 m,=0,4 my=0,7 m;=0,8 my=1

Hinh 4. Anh hu"O'ng cua tham s6 My dén ket qud tron anh doi véi cing mot khung canh.

Hinh 4 14 két qua tron anh ctia phuong phap dé xuét twong ing véi cac gid tri khac nhau ciia
m;. K&t qua phan tich hoan toan phu hop v6i nhén dinh nhu trong muyc 2.2, khi m, dat cac gia tri
cuc tri 0 va 1 két qua tron anh d€u khong tot, chi phan anh dugc tin hi€u ctia don kénh. Ciing qua
phan tich nay lya chon dugc gia tri cia m; 12 0,7.

b) Két qua trén anh doi véi cac khung canh khac
Hinh 5 1a két qua trén anh ctia phuong phap dé xut v6i cac khung canh khac, trong d6 1an luot
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tir trai qua phai anh thir 1, 2, 3 déu la khung canh d6i nui, anh thir 4 14 khung canh d6 thi va anh
thir 5 14 khung canh bién. C6 thé thay 3 anh diu tién van cho cac két qua mau sic gidng thuc té,
tuy nhién 2 anh sau mau sic da rat khac so v6i mau sac thuc té. Nguyén nhan ¢ dy khé rd rang,
d6 1a do thuat todn dé xuat di dua tong mau khung canh vé mau xanh luc dé phu hop véi khung
canh doi nui, do d6 sé khéng con phu hop véi khung canh la mau sac khac. Rd rang lya chon mot
phuong phap tron anh de phu hop vei tat ca cac tong mau cia cac loai khung canh khac nhau la
mot van deé quan trong can chung ta tiép tuc nghién ciru. Trong gidi han cia bai bao nay, thuat toan
dé xuat chi nham phuc vu chinh cho mét loai khung canh 13 rimg ciy dbi nti nhu da trinh bay.

Hinh 5. Két qud trén danh theo phwong phdp dé xudt ciia mot sé khung canh khdc.
4. KET LUAN

Tron anh mau nhin dém gitp tang cuong hiéu qua quan sat, phat hién, nhan dinh va ghi nho
dbi voi khung canh quan sat hon rat nhiéu so voi tron anh den trang truyén thong. Phucyng phép
tron anh mau nhin dém dua trén k§ thuat truyén tai tham s6 thong ké mau trén khong gian YUV
dé xuat trong bai bao nay 1a mot phuong phép tron anh mau tuong d6i don gian véi cac phép bién
d6i tuyén tinh nhung van cho két qua trén anh co hiéu qua t6t, dic biét thé hién ¢ viec lam n61 bat
muc tiéu hong ngoai va tang d6 chan thuc mau sic téng thé. Viéc nghién ciru, phat trién va tmg
dung nhiing thuat toan tron anh mau nhin dém vao thue tién, nhu tng dung vao cac hé thng, thiét
bi quan sat canh gidi,... giiip nang cao hiéu qua str dung, hién dai hoa cac trang thiét bi nay. Huong
nghién ctru tiép theo ctia nhém dé tai sé& 1a tiép tuc cai thién k¥ thuét tron anh mau nham ning cao
hi€u qua quan sat cia anh tron va giam muc sir dung tai nguyén xi 1y ctia thuat toan. Muyc tiéu
hudng t6i 1a dua thuat toan tron anh mau sir dung trén cac moé dun phéan cirmg nho gon va dap tng
dugc yéu cau thoi gian thyc.
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ABSTRACT

A night vision color image fusion method based on
statistical color transform technology in YUV color space

Image fusion technology combines images from different sensors into one image to fully

utilize sensors, thereby improving observation efficiency and streamlining the equipment.
Unlike grayscale image fusion, color image fusion assigns images from the sensors into
different color channels, emphasizing the image of each sensor and enhancing the ability to
detect, recognize and remember the scene. In this paper, a method of night vision color
image fusion based on statistical color transform technology in YUV color space is
proposed. This method transfers the color statistical parameters of a real image to the fused
image and selects the optimal fusion parameters to make it more realistic and enhance
infrared target visibility. The evaluation, based on color statistical parameters and human
eye observation, demonstrates the effectiveness of the proposed color image fusion method.

Keywords: Night vision; Color image fusion; Statistical color transform.
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