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Tém tit: K§ thuat phat hién di thudng trén anh da phd va siéu phd da danh dudc nhiéu quan tim ctia cong dong xu ly
4nh vién tham. Pa c6 nhidu nghién ciiu phat hién va khao st tinh hiéu qua clia cic ky thuat phat hién di thuong trén
mot s6 loai anh vé tinh siéu phd va da phd. Trong thdi gian gan dy di liéu 4nh cia thiét bi bay khong ngudi 14i (UAV)
da tré thanh ngudn di liéu quan trong phuc vu cong tic tim kiém cifu nan ci trén bién va déat lién. Pay la giai phap
cong nghé hién dai va rat phi hop véi dic thu cia cong tic nay. Cac ky thuit nhan dang dbi tuong can tim kiém trén
4nh UAV bing céc thuat toan nhin dang hinh hoc chua bao ham hét dic thu ctia cidc d4u hiéu tim kiém cifu nan. Trong
nghién ctiu ndy, nhém tic gia kiém ching hiéu qua phat hién di thudng trén cac khong gian mau khac nhau ctia anh
UAV d€ phat hién cac tin hiéu can tim kiém dua vao toan tir RX va mot s6 bién thé ctia RX. Céach tiép can dé xuat dugc
kiém ching thuc nghiém trén cic bo dit liéu miu cho két qua kha quan.

T khéa: Phdt hién di thuong, dnh UAV, tim kiém ciu nan.
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Anomaly Detection Techniques on UAV Images for Search and Rescue
Anomaly detection techniques on multispectral and hyperspectral images have attracted many researchers in the remote

sensing image processing community. Recently, unmanned aerial vehicles (UAVs) and UAV images have respectively
become a technology and a data source for search and rescue. Geometrical pattern recognition techniques based purely
on geometric features do not take into account many characteristics that are specific to search and rescue signatures.
In this research, we investigated the effectiveness of the RX operator and its modifications on different color spaces of
UAV images of different terrain types. The proposed approach was validated on sample images with positive results.
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L. MO PAU

Trudc sy phét trién manh mé va ngly cang dudc ting
dung phd bién ca trong dan su va quan sy cda cic thiét
bi bay khong ngudi 1di (UAV) trong nhiing nim gan day,
UAV da thyc su 12 mot ngudn lyc rat 16n cho st ménh tim
kiém ctiu nan bdi chiing c6 thé mang cac thiét bi thu thap
hinh 4nh c6 d6 phan giéi cao, c¢6 thé hoat dong trong pham
vi rong 16n v6i dia hinh da dang ma khong can qud nhiéu
nhan luc va chi phi cho qua trinh tim kiém. Nhung vé6i sb
luong 16n anh c6 thé thu thap dudc, van dé phat sinh 1a
Xt ly, ddnh gid vA xdc dinh cdc d6i tugng cin quan tim
khi tim kiém ctfu nan nhu ngudi, vat thé hoic céc chi tiét
khéc trong nhiing 4nh nay nhu thé nao? Néu cong viéc nay
dugc thuc hién chi yéu bang thi cong, sé tén kha nhiéu

thoi gian va khong dam bao do tin cdy, lam giam kha nang
s6ng sét ctia nan nhan. Cac ky thuat ty dong phat hién di
thudng mau trén dnh c6 th€ hd tr¢ ddy nhanh qua trinh
tim kiém ctfu nan. Di thuong mau cé thé duge xem 1a mot
di€m, hodc mot cum céc diém anh c6 su khac biét dang ké
vé mau sic so v6i cac diém 4nh 1an can trén anh UAV.

Hau hét cic nghién ciu trong linh vuc phat hién di
thudng tip trung vao anh da phd hoic 4nh siéu phd (sif dung
trong hinh 4nh y t€ va dia chét) [1]. Todn tit do di thudng
Reed-Xiaoli (RX) da dudc stt dung rong rai va thuong dugc
coi 12 mot chuén muc [2]. Toan tif ndy so sdnh cic diém
4nh riéng 18 v6i clia s§ 1an can hodc thdng ké toan cuc
theo gia dinh ring dit liéu quang phd da bién tuan theo
phan bd Gauss [3]. C6 rit nhiéu bién thé cha todn ti RX
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dua trén ctia s§ cho phép thich nghi tot hon trén toan bd
hinh 4nh, chang han nhu RX cuc bd (local) va ban cuc bd
(quasi-local) [4].

Trong nghién ctiu ctia Harsanyi [5], mot bién thé ctia toan
tit RX 1a UTD-RX dugc bd sung d€ phat hién cac muc tiéu
c6 xdc suit thip trén cdc khung canh trong nh c6 mo
hinh phan b dif liéu chua rd. Nghién ciu ctia Chang va
nhém nghién cdu [6] da khao sat tinh hiéu qua cia UTD-
RX va mot sd bién thé khac nhu RX chuin héa (NRX:
Normalized RX) va RX cai tién (MRX: Modified RX) trén
4nh siéu phd AVIRIS.

Trong mdt sb trudng hop, khi s lugng diém di thuong
16n, dif liéu 4nh c6 phan bd yéu hoic khong ro rang, khi d6
ma trin hiép phuong sai khong phan 4nh sit véi phan b
nén va hé qua Ia toan t& RX khong phat huy t6t hiéu qua
phét hién di thudng. D€ gidi quyét tinh hudng nay, nhém
nghién ctiu ctia Ren [7] di d& xudt mot bién thé khac cla
RX 1a RX ¢6 trong s6 (WRX: Weighted RX).

Trong mdt s6 tai liéu nghién ctiu phuc vu cho cong tic
tim kiém ctfu nan, mot cich tiép cin ctia cic phuong phap
phan tich dnh mau thu nhan tif cic thiét bi bay la ting do
bdo hoa ctia mau hiém va giam dd bio hoa clia cic mau
phé bién dé€ gidp ngudi st dung xdc dinh dudc cic mau
di thudng [8]. Cic nghién ctu gan day da khao sit viéc
didu chinh mot s6 ky thuat siéu phd va nhan thiy ring cic
toan ti do tim muc tiéu dudc md td & trén cé thé hd trg
dugc trong tim kiém ctiu nan va toan ti RX c6 uu thé phat
hién hiéu qua hon va it phu thudc vio viéc diéu chinh tham
s6 [3]. Vi vay, trong nghién cifu niy, nhém tic gia tip trung
nghién ciiu khdo sat kha nang phat hién di thutng trén anh
mau RGB thu tir UAV trén cic dia hinh khac nhau phuc
vu cho cong tic tim kiém ciu nan.

II. THUAT TOAN RX VA CAC BIEN THE CUA NO
1. Thuat toan RX

Thuét todn RX co ban 1a thuit toan chudn phat hién di
thudng, ban dau dugc phat trién bdi Reed va Yu [3] cho
cdc 4nh da phd. Thuat todn co ban dudc mo td bao gom
hai gia thiét. Gia thiét thi nhét, Hy: anh nén tuan theo mot
phan phdi chuin (phan phbi Gauss) vdi trung binh khéng
va ma tran hiép phuong sai chua biét, N(0,K), dudc udc
luong tir dit lidu toan cuc hoidc cuc bd. Gia thiét thi hai,
H;: muc tiéu 1a su két hop tuyén tinh cia tin hiéu muc tiéu
va nhiéu nén. Vi viy, vector phd dudc biéu dién bdi mot
phan phdi chuin (phan phéi Gauss) véi gid tri trung binh
bing tin hiéu muc tiéu (hodc nhiéu muc tiéu) va nhiéu cong
bing ma tran hiép phuong sai nén trong gia thiét thit nhit.

Hy : x(n) = x°(n),

Hi : x(n) = x°(n) + bs(n), )

trong d6, s(n) € S = [s(1),5(2),...,s(N)] 1a mot miu
tin hiéu dang vector hang gém J phan td, x(n) =
[x1(n), x2(n), ..., x;(m)]", n = 1,2,...,N, dai dién cho J 4nh
phd con tuong quan (N > J) ¢6 thé chifa tin hiéu quang hoc
véi hinh dang biét trudc va vi tri khong biét trude. x°(n)
12 vector nhiéu tap du, b = [b1, by, ...b;j]" 1a vector cudng
d6 tin hiéu khong biét truéc gom j phan td, j = 1,2,...,J.
Khi d9, toan tir do tim di thuong cia RX nhu sau:

Srx(r) = (r — W Kby (r — ), 2)

trong do, r 1a vector phd clia diém 4nh, u = % Zfi i (N
12 tdng s& diém anh) 1a vector phd trung binh ctia khu vuc
quan tam, L 12 s6 kénh phd, K = % SN = ) = T
12 ma tran hiép phuong sai clia cac kénh phd.

Qua trinh do tim di thudng cia RX dua trén viéc khai
thac su khac biét gitta cdc diém anh cla tin hiéu phd dau
vao va cdc diém anh xung quanh. Céng thiic (2) co ban rat
gibng v6i cong thic tinh khodng cach Mahalanobis.

Trong bai bao nay, ching t6i thuc hién hai phién ban ctua
thuat toan RX, do6 la:

o RX toan cuc (GRX: Global-RX): ma tran hi€p phuong
sai K va vector phd trung binh toan cuc p dudc xéc
dinh tif toan bd hinh anh va tit ca cic dai phd dudc
ap dung cho phuong trinh (2).

o RX dia phuong (LRX: Local-RX): tiing diém 4nh dugc
danh gia mot cach riéng 1€, ma tran hiép phuong sai K
va vector phé trung binh cuc bd u duge xac dinh cuc
bo trong mot clia s& xung quanh diém anh dang xét.

2. Cac thuat toan NRX va MRX

That thi vi khi thdy ring phuong trinh (2) hoat dong
theo kiéu bo loc khép, hidu qua ciia bd loc nay phu thudc
vao hai tham sb: tin hiéu khép (phu hop) (r — )" KL, va
hing s6 ty 1& k (k = 1 trong cong thdc (2)). V6i lgi thé
ndy, c6 hai lua chon dé€ thay thé RX 1a NRX va MRX. Hai
thuat todn thay thé RX nay dugc biéu dién 1an ludt theo
cong thic (3) va (4), dugc phat trién bang cich thiét lap
1an gt k = [(r— ) (r = w]™" va k = [(r = w" (r — )]~/
theo trinh bay tai [6]:

(r—wlK;L, (r=p)
(r=wr(r-p
(r—wrK;L, (r=p)

(r =" (r—p

3

Onrx(r) =

“

Onrx(r) =

3. Thuit toan WRX

Muc tiéu di thudng dugc coi 1a nhd va phan nén anh c6
tinh dong nhit, ma trin hiép phuong sai ctia toan bo anh
c6 thé xem nhu 13 ma trin hiép phuong sai ciia tip miu



4nh nén. Ngoai ra, cic muc tiéu di thudng hoic muc tiéu
nhé nhan tao (do con ngudi tao ra) c¢6 thé dugc tich ra &
dang céc gia tri ngoai lai trén anh. Do do, thuat toan RX st
dung khoang cich Mahalanobis d€ tim muc tiéu di thuong
bing cach sif dung ma tran hiép phuong sai ctia tip mau dé
lam tron cdc diém &nh nén, sau d6 cac diém 4nh di thudng
dugc tach ra. Khong thanh vAn dé khi s6 luong diém anh
di thuong la it. Nhung bdi vi thuat toan nay gia dinh mo
hinh nhiéu Gauss va st dung ma tran hiép phuong sai clia
tap mau dé€ lam tron di liéu, néu ti 18 s6 diém di thudng
trén tdng s6 diém anh tuong dbi 16n, ma tran hiép phuong
sai clia tip mau c6 thé khong dai dién cho phan phdi nén.
Trong trudng hgp nay, thuit toan RX s€ hoat dong khong
tot. DE giai quyét van dé nay, Ren va nhém nghién ciu [7]
da dé xuit thuit toan phat hién di thudng trén anh siéu phd
st dung ma tran hiép phuong sai c6 trong sb. Trong sb
thich hop dudc gan cho mdi diém anh trong ma tran hiép
phuong sai ctia tip mau st dung khodng cach cua né t6i
trung tim cta dif liéu dai dién cho phan bd nén. Vi viy, ma
tran hiép phuong sai c6 trong sb c6 thé dugc viét lai thanh:
Zﬁ] wi(ri = pow )(ri — /Jw)T
K, = , (%)
Z,I'\il wi
Z,-Iil qili
=Sl ©)
> i=149i

trong d6, w; va ¢; lan lugt 1a céc trong sb vd huéng cla
cic diém trong anh, dudc mo ta nhu sau:

o

1
qi :—?
T+ 1l =
| @
W =————.
CTT Tl =

Cudi cling, bd loc RX véi ma tran hiép phuong sai c6 trong
s6 c6 thé dugc dp dung cho anh,

Swrx(r) = (r — o) K, (r = ). ®)

4. Thuiat toan UTD

Mot k¥ thudt phat hién di thuong duge Harsanyi [5] phat
trién, goi 1a phat hién muc tiéu xic suit thip (LPTD: Low
probability target detector), cong thiic nhu sau:

Seprp(r) = Lix Ry L, 7. 9

Ky thuit phat hién dugc thiét ké dua trén ma trin tuong
quan mau R. Néu R dudc thay thé bang ma tran hiép phuong
sai mau K thi LPTD st dung ma tran hiép phucng sai mau
K dudc goi 1a k¥ thuat phat hién muc tiéu dong nhit (UTD:
Uniform target detector), cong thic nhu sau:

Surp(r) = (Iixs — W) KLy (r = w), (10)

trong do, 114 la vector c6 kich thuéec L véi cac phﬁn o
déu 12 1. Vi vay, cic muc tiéu di thudng dugc gia dinh 1a
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tuan theo phan phdi déu trén tit ca cic kénh phd. Do do,
UTD du dodn dé trich xuét tin hiéu nén, tin hiéu nay c6
phan bd déu trong 4nh.

Bing cich két hgp UTD vao RX co ban, c6 thé loai bd
nhiéu, cai thién hiéu suit phat hién ctia RX co ban. Uu diém
nay cho phép phat trién mot thuat toan tim kiém di thudng
méi bang cach két hgp gitta RX va UTD [6] nhu sau:

Srx-urp(r) = (r = V'K L, (r = p). (11)

5. Thuat toan CRX

KE tu khi ra doi, thuat todn do tim RX bao gom céc phép
tinh vector trung binh va ma trdn hiép phuong sai khong
thé thuc hién trong thdi gian thuc. Do d6, d€ thuc hién tinh
todn theo thdi gian thuc, mot phién ban ciia RX dudc dé
xut, st dung ma trin tuong quan R thay cho ma trin hiép
phuong sai K. Phién ban RX nay dugc goi 1a “nhan qua”
(CRX: Causal RX) c6 nghia la cac thong tin st dung cho
Xt 1y dit liéu tai méi di€ém anh chi dya trén cic di€ém anh
da duge xa ly,

k
1
R(ry) = T Z rl-riT. (12)
i=1

Ma trin tuong quan mau R(r;) c6 thé dudc tinh todn song
song, do d6 thuat toan tim kiém c6 thé thuc hién trong thdi
gian thuc [6],

dcrx(re) = (r = DI R, (r — ). (13)

III. PHUONG PHAP PHAT HIEN DI THUONG
TREN ANH UAV DUA TREN SU KHAC BIET
VE MAU SAC

Phén tich anh UAV ting dung trong cong tic tim kiém
ctiu nan c6 thé dudc téng quat héa 1a cong viéc nhin dang
cdc diu hiéu di thudng c6 lién quan dén cac ddi tugng can
tim kiém cttu nan. Cac diu hiéu tim kiém rat da dang va
trong nhiéu trudng hop rat khic biét, tich roi va tham chi
la khong lién quan truc tiép dén ddi tuong can tim kiém.
Céc du hiéu tim kiém con phu thudc vao ca thoi gian tién
hanh tim kiém. Vi du, khi st dung anh hang khong hoic
4nh vé tinh d€ tim kiém may bay roi trén dét lién. Néu anh
chup khu vuc bdo nan trong khoang thdi gian ngén sau tai
nan thi diu hiéu tim kiém dau tién ndy ra trong dau cdc
nha phan tich 4nh sé& 1a cidc dam khéi. Néu anh chup sau
thoi di€ém bao nan mot khoang thdi gian dai hon, diu hiéu
tim kiém c6 thé 1a cdc vét d6 cla thuc vat do may bay
gy ra khi tiép dit. Khi d6i tuong tim kiém 13 con ngudi
thi ddu hiéu tim kiém trén anh hang khong ciing kha da
dang. Do phin gidi khong gian ctia anh UAV phd bién &
dai 0,07-0,3 m. Déi tugng vat Iy con ngudi thudng khong
hién dién trén anh d€ nhan dang, néu c6 thi do céu tric dia
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hinh bé mit trai dat, su che khuit bdi cic dbi tuong khac,
dd phan gidi 4nh va tu thé ngiu nhién khi bi nan, hinh
dang dbi tugng ngudi trén anh hang khong thudng khong
tudn theo mot khudén miu chuin muc nao thuin Idi cho
viéc nhan dang hinh hoc. Mot ggi y tiép theo chinh 1a cdc
dd vat di kém véi dbi tugng tim kiém. Tuong tu nhu d6i
tugng ngudi, cach tim kiém bang nhan dang hinh hoc ciing
sé gip khé khin do mau nhan dang khong chuin tic. Mot
cdch tiép can nita c6 thé ting dung dugc d€ phan tich dnh
hang khong ting dung trong tim kiém cifu nan 1a phan tich
mau sic cac vat thé c¢é lién quan hoic di kem véi ddi tuong
cin tim kiém. Nhiéu vat thé di kém trén mdy bay bi nan
¢6 mau sic khac biét vi mau nén xung quanh trén bé mit,
déc biét khi tai nan x4y ra ¢ cac khu vuc riing nuii hay trén
bién. Mot cau hoi tiép theo dudc dit ra 1a su khac biét vé
mau sic thé hién nhu thé nao trén anh mau ba kénh RGB
thu tif mdy anh quang hoc. Céc thanh phan mau siac c6 dnh
hudng nhu thé nao trong qua trinh phén tich di thudng bing
thudt toan ty dong. Theo cach tu duy nay nhém nghién ciu
tién hanh khao sét va phan tich hiéu qué cla céc thuat todn
phét hién khic biét mau dua trén toan ti RX va mot sd
bién thé cla toan ti RX trén cac khong gian mau RGB,
LAB, XYZ, HSL, HSB, CMYK, YUV va YCbCr.

IV. THUC NGHIEM PHAT HIEN DI THUONG
TREN TAP ANH UAV

1. Ciy mau di thuong

Dit liéu 4nh hang khong thu trong cac tinh hubéng tim
kiém ciiu nan thuc t& & Viét Nam con rit hiém va co ban
12 khong dudc phat hanh cong khai. D€ kiém nghiém két
qua nghién ctiu, ching toi da tiép cin theo cach ciy mot
s6 mau di thudng vao cic anh chup tir thiét bi UAV, nhiing
4nh nay dudc trich tif phan di liéu thuc nghiém cta dé tai
cip nha nuéc ma s6 VT-UD.04/16-20 thudc chuong trinh
KHCN vil try, sao cho c6 mot cdi nhin thuc té nhét. Nhiing
anh nay dugc chup trén ba dang dia hinh khac nhau; anh
1 dugc thé hién trén Hinh 1, chup & dia hinh ddong bing
bing mdy anh Canon IXUS 127 HS & dd cao 190 m, do
phan gidi mit dit 12 62,7 mm/diém &nh; 4nh 2 va anh 3
dugc thé hién 1an luct trén Hinh 2 v Hinh 4, chup & dia
hinh tuong tng la ring thua va viing bién bang mdy anh
Sony DSC-WX220 & d cao 200m, d6 phan gidi mit dat 1a
63,4 mm/diém 4nh. Mbi 4nh dua vao kiém nghiém & trén
c6 kich thuéc 1000x1000 diém 4nh va dudc cdy 03 mau
di thuong khac nhau tuy theo cac dia hinh khac nhau, quy
trinh cAy mAu nhu sau day.

Péi v6i anh 1 (xem Hinh 1) va dnh 2 (xem Hinh 2), 1a
hai mau anh chup dia hinh tucng ting 1a ddng bang va ring
thua, ba miu 4o c6 mau sic khac nhau nhung khong qua
ndi bat dudc cdy vao cédc vi tri ¢ mau sic gan véi anh nén.

Hinh 1. Anh 1 chup tai khu vic ddng bing da dudc cdy ba miu
(miu 1, mau 2 va mau 3).

Hinh 2. Anh 2 chup tai khu vyc rimg thua da dugc ciy ba miu
(mau 1, miu 2 va mau 3).

Miu 1 Miu 2

Hinh 3. Ba miu di thudng ding dé€ ciy vao anh 1 vi anh 2.

Trong thuc té, mau 1 c6 kich thuéc 750 x 683 mm, mau
2 ¢6 kich thuéc 670 x 787 mm, miu 3 c6 kich thudc 700 x
750 mm (xem Hinh 3). Khi cdy vao céc dnh, cdc miu nay
ciing phdi thu nhé theo ti 1& tuong dong véi do phan gidi



Hinh 4. Anh 3 chup tai khu vuc ving bién da dugc ciy ba méu
(miu 4, miu 5 va mau 6).

Hinh 5. Ba miu di thudng ding d€ ciy vao anh 3.

cta 4nh, cu thé:

o Dbi véi anh 1, mau 1 kich thudc co lai con 12x11 diém
anh; mau 2 kich thuéc co lai 1a 11 x 13 diém anh; mau
3 kich thuéc co lai 1a 11 x 12 diém anh;

o D6i véi anh 2, miu 1 kich thudc co lai 1a 12x 11 diém
anh; mau 2 kich thuéc co lai 1a 11 x12 diém anh; mau
3 kich thuée co lai 1a 11 x 12 diém anh.

Déi véi dnh 3 (xem Hinh 4), 1a dnh chup dia hinh ving
bién, hai mau 4o phao ciiu sinh c6 mau sic khac nhau va
mot mau phao ciiu sinh dudc cdy ngiu nhién, chi tiét tai
Hinh 5.

Trong thuc té, mau 4 c6 kich thudc 610 x 530 mm, mau
5 ¢6 kich thude 610 x 708 mm, mau 6 c6 kich thudc 900 x
900 mm. Khi cdy vao 4nh 3, cdc miu nay ciing phdi thu
nhd theo ti 1é tuong dong véi do phan giai ctia anh, cu thé:
mau 4 kich thudc co lai con 10 x 8 di€ém anh; mau 2 kich
thuée co lai 1a 10 x 11 diém 4nh; miu 3 kich thuée co lai
12 14 x 14 diém 4nh.

DE€ cac mau gidng tu nhién hon, ching t6i da ting do
trong sudt ctia cic mau 1én 50% trude khi cly vao. Diéu
nay hoan toan phu hgp véi tu nhién la cac muc tiéu thudng
bi 14n vao cdc dbi tugng lan can.

Tép V-1, S6 39, 11.2018

Hinh 6. Cic mau da dugc cly trén anh 1.

Hinh 7. Céic miu di dudc ciy trén anh 2.

Hinh 8. Céic mau da dugc cly trén anh 3.

Trén cac Hinh 1, 2 va 4 ta thiy rang cic mau di thudng
sau khi dugc cdy lén anh co ban mét thudng khé cé thé
phét hién dugc. Cac Hinh 6, 7 va 8 1a cdc hinh anh phong
dai 1én gip ba 1an so v6i cac Hinh 4, 5 va 6 d€ minh hoa
céc vi tri cAy mau.
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Béang 1

GIA TRI AUC TRUNG BINH CUA TAM THUAT TgoAN DANH GIA CHO TAM KHONG GIAN MAU

GRX LRX NRX MRX WRX UTD RX-UTD CRX
RGB 0,817 0,735 0,571 0,721 0,764 0,619 0,631 0,312
LAB 0,821 0,735 0,566 0,757 0,800 0,612 0,623 0,371
XYZ 0,746 0,708 0,559 0,672 0,675 0,645 0,649 0,325
YCbCr 0,817 0,736 0,557 0,716 0,787 0,446 0,565 0,317
HSL 0,747 0,704 0,475 0,526 0,720 0,528 0,595 0,656
HSB 0,755 0,701 0,472 0,574 0,720 0,520 0,552 0,656
YUV 0,817 0,735 0,555 0,719 0,794 0,475 0,564 0,322
CMYK 0,737 0,628 0,620 0,724 0,818 0,763 0,239 0,816

Bang 11
GIA TRI AUC CUA TAM THUAT TOAN PANH GIA CHO TAM KHONG GIAN MAU TREN ANH NEN KHU VUC PONG BANG

GRX LRX NRX MRX WRX UTD RX-UTD CRX
RGB 0,901 0,706 0,556 0,785 0,879 0,522 0,755 0,368
LAB 0,902 0,707 0,588 0,856 0,887 0,524 0,730 0,431
XYZ 0,781 0,702 0,526 0,741 0,758 0,598 0,743 0,391
YCbCr 0,901 0,707 0,551 0,791 0,883 0,383 0,641 0,375
HSL 0,887 0,705 0,484 0,479 0,945 0,678 0,516 0,644
HSB 0,902 0,703 0,481 0,472 0,945 0,642 0,547 0,644
YUV 0,901 0,706 0,544 0,791 0,888 0,463 0,585 0,379
CMYK 0,727 0,617 0,577 0,732 0,935 0,823 0,167 0,763

GR LRX NRK MRX WRK uto RXUTD CRX
WRGE WLAB X women

BYCDCr mHSL WHSE

Hinh 9. Gia tri AUC cuia tdm thuét todn danh gia cho tam khong
gian mau.

St dung tam thuét toan da néu & trong Muc II (GRX,
LRX, NRX, MRX, WRX, UTD, RX-UTD, CRX) dé danh
gia hiéu qua phat hién di thudng trén tam khong gian
mau khac nhau (RGB, LAB, XYZ, YcbCr, HSL, HSB,
YUV, CMYK), hiéu suit cia mdi thuat toan trén cic khong
gian mau khac nhau dudc thé hién thong qua dudng cong
dac trung hoat dong phi thu (ROC: Receiver operating
characteristic). Dién tich duéi dudng cong ROC (AUC:
Area under the ROC curve) dugc st dung lam thuéc do
so sanh hiéu suét phat hién di thudng giiia cdc thuit toan
trén cic khong gian mau. PAu vao clia mbi thut todn la
cdc 4nh da cAy mau néu & trén, cic anh nay dugc bién d6i
vé cic khong gian mau khic nhau dé danh gia nhiing wu
diém va han ché. Bang cich nay, nhom tic gia ky vong sé
dua ra thuit toan phat hién di thudng hoat dong trén céac
khong gian mau phi hop véi tiing dia hinh hd trd cong tic
tim kiém ciiu nan.

1
GRX LRX NRX

WRGB WLAB XVZ BYCOCr WHSL WHSE YUV WCMYK

MRX

WRK uTD RX-UTD CRX
[

Hinh 10. Gia trj AUC cua tdm thudt todn ddnh gid cho tdm khong
gian mau trén anh nén khu vyc dong bang.

2. Thuit toan

Bang I va Hinh 9 so sanh gia tri AUC cho tam thuit toan
trén tdm khong gian mau, hiéu suit nay dua trén két qua cla
céc thuat chay trén ba anh diu vao véi cdc di thuong dudc
cly vao nhu di néu & trén. Trén Béang I, cdc gia tri AUC
nay dudc tinh trén ci ba anh sau d6 liy gia tri trung binh.

Bang I va Hinh 9 cho théy, thuit toan GRX cho hiéu suit
phat hién di thudng t6t nhat trén khong gian mau LAB va
thuat toan nay ciing cho thiy su hiéu qua trén cic khong
gian mau khac nhau, du chuyén déi tit khong gian mau RGB
sang cdc khong gian mau khic nhung hiéu suit phat hién
di thuong it bi dnh hudng. Tiép theo 1a thuit toan WRX
va CRX, thuat toin WRX ciing cho hiéu suit tuong d6i
&n dinh trén cdc khong gian mau khic nhau nhung thuat
toan CRX chi cho hiéu sut tot nhat trén khong gian mau
CMYK, con véi cic khong gian mau khic cho hiéu sut
thip. Thuat toan NRX 1a thuit todn kém hiéu qua nhAt.
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Bang III
GIA TRI AUC CUA TAM THUAT TOAN PANH GIA CHO TAI\%{ KHONG GIAN MAU TREN ANH NEN KHU VUC RUNG NUI
GRX LRX NRX MRX WRX UTD RX-UTD CRX
RGB 0,891 0,809 0,519 0,736 0,890 0,669 0,565 0,276
LAB 0,909 0,809 0,489 0,807 0,917 0,645 0,580 0,326
XYZ 0,813 0,730 0,527 0,633 0,830 0,678 0,599 0,287
YCbCr 0,891 0,810 0,484 0,719 0,904 0,324 0,687 0.289
HSL 0,688 0,717 0,440 0,592 0,626 0,317 0,691 0,772
HSB 0,693 0,710 0,429 0,640 0,626 0,315 0,691 0,772
YUV 0,891 0,809 0,487 0,725 0,904 0,328 0,739 0,291
CMYK 0,811 0,566 0,615 0,788 0,912 0,835 0,177 0,828
Bang IV

GIA TRI AUC CUA TAM THUAT TOAN DANH GIA CHO TAM KHONG GIAN MAU TREN ANH NEN KHU VUC BIEN

GRX LRX NRX MRX WRX UTD RX-UTD CRX
RGB 0,659 0,691 0,639 0,641 0,524 0,667 0,572 0,293
LAB 0,651 0,689 0,622 0,609 0,596 0,668 0,558 0,357
XYZ 0,645 0,690 0,625 0,643 0,436 0,659 0,604 0,297
YCbCr 0,659 0,691 0,637 0,639 0,574 0,631 0,366 0,286
HSL 0,667 0,689 0,501 0,507 0,589 0,590 0,578 0,553
HSB 0,670 0,691 0,505 0,609 0,589 0,604 0,418 0,553
YUV 0,659 0,691 0,635 0,642 0,589 0,633 0,367 0,296
CMYK 0,672 0,702 0,668 0,651 0,606 0,632 0,373 0,857

MRX

Hinh 11. Gia tri AUC cua tam thuit toan danh gia cho tdm khong
gian mau trén anh nén khu vuc riing ndi.

LRX NRX
AB - X¥Z

mRGE mLA mvCber

Hiéu suét phat hién di thudng cla cédc thuit todn trén
tiing loai dia hinh dugc thit nghiém va phan tich cu thé
dudi day.

Bang II va Hinh 10 cho thiy, thuat toan WRX cho hiéu
suit phdt hién di thuong tot nhit, sau d6 dén thuat todn
GRX. Thuit todn yéu nhéit van 1a NRX.

Bang III va Hinh 11 cho thiy, hiéu suét phat hién di
thudng ctia t6t nhat van la thuit toin WRX, sau d6 dén
thuat toin GRX. Thuit toan yéu nhit vin 1a NRX.

Bang IV va Hinh 12 cho thiy, thuit tosn WRX khong
con chiém wu thé vé hiéu suét phat hién nifa, lic nay thuat
toan CRX cho hiéu suét tot nhat, sau d6 dén thuat todn
LRX, UTD va GRX. Thuat toan yéu nhét lai 1a RX-UTD

°

o

e

o

)

o

0.7
GRX WRX uTD

LRX NRX MRX RX-UTD CRX

WRGE WLAB  XYZ mYChCr mHSL WHSB mYUV mCMYK

Hinh 12. Gia tri AUC cua tam thuit toan danh gia cho tdm khong
gian mau trén anh nén khu vyc bién.

va WRX. Hiéu sut phat hién di thudng ctia cic thuit todn
trén nén dia hinh bién da kém di rat nhiéu so véi khi thuc
hién trén dia hinh dong bang.

Tir dit liéu thu dugc ta thy ring, & nhiing dia hinh cang
phtc tap thi kha nang phat hién di thudng cua cac thuit
toan cang thip, diéu nay hoan toan phl hop véi thuc té.

3. Khong gian mau

Hinh 9 cho thiy két qua phét hién di thudng cla tdm
thuat toan thyc hién trén tim khong gian mau khac nhau.
Trén khong gian mau RGB, mac du khong cho hiéu qua
t6t nhat véi tit ci cac thuat todn trén ca ba loai dia hinh
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nhung day la khong gian mau dang tin cdy dé thuc hién
cac thuat toan.

Trén khong gian mau LAB, cac thuat todin MRX trén dia
hinh ddng bang va WRX trén dia hinh riing nii cho két qua
tot nhit. Xét vé tong thé, khong gian mau LAB tuong dbi
&n dinh va 1a khong gian mau dang tin cdy d€ tng dung
vao cdc thudt todn phat hién di trudng trén anh UAV.

Trén cac khong gian mau XYZ, HSL, HSB hiéu sult
phét hién di thudng clia cac thuit todn khong dn dinh, vi
viy nén cin trong khi 4p dung chiing.

Céc khong gian mau YcbCr va YUV giudng nhu c6 su
tuong dong, mic di ¢ su sut giam nhe vé hiéu suét trong
céc thuat toan CRX va RX-UTD nhung day la hai khong
gian mau ciing ddng tin cdy d€ dudc st dung.

Khong gian mau cudi cliing trong danh sich danh gid 1a
CMYK, khong gian mau niy cho hiéu ning tot nhat khi st
dung thuat todn UTD, CRX dbi v6i anh nén khu vuc dong
bing; cho hiéu suit tot nhat khi sit dung thuat toan NRX,
UTD, CRX dbi v6i anh nén khu vuc riing ndi; cho hiéu
suit tot nhét khi st dung thuit toin LRX, NRX, MRX,
WRX va CRX dbi v6i anh nén khu vuc bién. Tuy nhién,
khong gian mau CMYK lai 1a khong giam mau cho hiéu
sudt kém nhét khi thuc hién thuit toan RX-UTD trén ca hai
4nh nén khu vuc dong bing va riing ni.

V. KET LUAN

Trong cong tc tim kiém ctu nan, viéc nang cao hiéu suit
phét hién diu hiéu di thudng mang y nghia quan trong, it
ngan thdi gian va phi tdn tai chinh, stc luc, tinh than, dong
thdi nang cao co hoi ctiiu nan. Két qua khio sat danh gid
cac ky thuat phat hién di thuong trén anh UAV thuc hién
trong nghién ctiu nay da dudc tiép can khoa hoc dua trén
su két hop clia todn tit phat hién di thusng RX va mot sb
bién thé cia RX v6i cac khong gian mau khac nhau.

Két qué thuc nghiém trén cic bd dif liéu mau cho théy
rang trong cic tinh huéng tim kiém ctiu nan khac nhau c6
st dung anh UAV, mot khong gian mau phu hgp cung véi
mot thudt toan phat hién c¢6 thé dugce chon dé cho hiéu sut
phat hién di thudng tot nhat. Két qua ban dau nay ctia nhom
nghién ctiu sé tiing buéc dudc kiém nghiém trén céc loai
dit lidu 4nh vé tinh quang hoc trong cic nghién ciu tiép
theo d€ phat hién dbi tuong troi dat trén bién. Cac mo hinh
cdi bién cua bd phat hién RX va giai phdp song song trén
tap d liéu 16n cling s€ dugc khao sét trong cac nghién ciiu
tiép theo.

LOI CAM ON

Nghién ctiu ny dugc tai trg kinh phi tif dé tai nghién
ctiu ctiu khoa hoc cip qubc gia mia sé6 VT-UD.04/16-20
thuoc Chuong trinh Khoa hoc Céng nghé vii try. Nhom tac

gid cdm on su tng ho va dong hanh cta Ban chii nhiém
Chuong trinh.
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Nguyén Vian Phuong nhén bing Ky su va
Thac si tai Hoc vién K§y thuat Quan sy vao
cac nam 2003 va 2009. Hién nay, tac gid la
nghién ctiu sinh tai Khoa Cong nghé Thong
tin, Hoc vién K§ thudt Quan sy. Linh vuc
nghién ciu cia tac gia la GIS va xt ly anh
vién tham quang hoc.

Piao Khanh Hoai nhin hoc vi Tién si
nam 2005. Hién nay, tic gid dang cong tac
tai Hoc vién Ky thudt Quan sy. Linh vuc
nghién ctiu cla tac gia 1a GIS, x@ ly anh
vé tinh, UAV, do anh va thi gidc may tinh.



