Nghién ciru khoa hoc cong nghé

PHAT HIEN BAT THUONG TREN ANH HANG KHONG
UNG DUNG TRONG TIM KIEM CUU NAN

Pao Khanh Hoai'", H5 Nhat Quang', Nguyén Vin Phuong?

Tom tit: Ung dung anh hang khéng va anh UAV phuc vu cong tac tim kiém ciru
nan trén bién va dat lién la gidi phdp cong nghé hién dai va phi hop véi dic thi
clia cong tac tim kiém ciru nan. Trong cong tac tim kiém cieu nan dwa trén phan tich
anh hang khong st dung cac thudt toan nhan dang doi twong hinh hoc chua bao
ham hét ddc thi cia cac dau hiéu can tim kiém. Trong nghién ciru ndy, nhém tdc
gid dé xudt cach tiép cgn méi trong phdt hién bat thuong trén anh hang khéng dira
trén su khdc biét vé mau sdc. Thudt todn dé xudt dwoc kiém chitng thuc nghiém trén
cdc bé dir liéu mau cho két qua kha quan.

Tir khéa: Phét hién bt thuong, Anh hang khong, Khac biét mau sic, Tim kiém ctru nan.
1. MO PAU

Phat hién bat thudng trén anh vé tinh da phd va siéu phd ing dung trong cong
tac tim kiém ctru nan 1a hudéng nghién ciru phat trién dugc nhiéu _nha nghién ctu
quan tdm trong nhirg nam gan day. Trong cong b6 “Phat hién mau quang hoc ¢6
phan bd khong biét trudc bang phuong phap hing s6 bao sai (CFAR)” cua tac gia
Reed Xiaoli va nhom nghién ctru [1] todn tur phat hién di thuong Rx dugc dé xuét
lan dau va thir nghiém phat hién thanh cong cac muyc tiéu trén anh da kénh thu tir
cac bo cam quang hoc. Toan tir nay chiét tach cac muyc tiéu phan biét vé phd so véi
nén xung quanh. O phién ban dau nay dé toan tir hoat dong hiéu qua thi cac muc
tidu dugce khuyén cao nén c6 kich thudc nho so voi ving nén. Cac két qua tir phan
tich thuat toan Rx c6 tinh 1 rang va hiéu qua trong phét hién cac dic trung pho co
su khac biét nho so voi nén xung quanh. Pé thuat toan lam viéc hiéu qua hon céac
tap dir liéu gdc co thé duoc tién xtr Iy dé rat ngan sb chidu cua dir liéu. Trong
nghién ctru “H¢ théng tu dong phat hién muc ti€u cho cac by cam bién siéu phé”
cua tac gid Marc A. Kolodner thudc phong thi nghién vat ly tmg dung phong
nghién ctru khong gian dai hoc Johns Hopkins My [3] cac bd loc khop tin hi€u, b
loc thich nghi cai bién tir thudt toan Rx co ban dd duoc tmg dung hiéu qua trong
phat hién bat thudng trén anh siéu phd. Trong cong bd “Xir Iy tw dong anh siéu phd
mg dung trong tim kiém ctru nan dan su” cta tac gia Michael T. Eismann va nhém
nghién ctru [4] phuwong phap phat hién muc tiéu dya trén phat hién di thuong bang
thuat thuat todn Rx trén tap dir liéu siéu phé da dugc khao sat va ung dung phat
hién muc tiéu c6 hiéu qua. Trong cong bd “Tim kiém va ciru ho tir khong gian” cua
tac gia Ronald G. Wallacea va nhom nghién ctru thudc trung tam nghién ctru
khong gian Goddard cua NASA [2] da chi ra rang tim kiém va ctru nan tir khong
gian can duoc phén ra ba pha co ban: Tim kiém trén dién rong, tim kiém trén dién
hep va tim kiém diém. Trong pha tim kiém diém, anh hang khong va anh UAV la
cac dir liéu dugc sir dung dé phan tich, phat hién bat thuong cua céc d4u hiéu can
tim kiém. Xu 1y anh UAV dé chiét tach dbi twong chi yéu duogc tiép can theo
hudéng nhan dang cac dbi tugng hinh hoc. Trong nghién cru nay nhom tac gia tiép
can ban toan phat hién bat thudng trén anh UAV, chup tir bd cam bién ba kénh
mau RGB, dya trén phén tich mau sic bang toan tir phat hién di thudng Rx.
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2. CO SO PHUONG PHAP PHAT HIEN BAT THUONG
TREN TAP DU’ LIEU ANH PA CHIEU

Bai toan phat hién di thuong trong tap dit liéu anh quang hoc da chiéu lan dau
duoc trinh bay trong nghién ctru [1] cia Reed Xiao Lee va nhom nghién ctru nhu
sau. Trude hét, gid su cac vector cot

x(m)=[x1(n), x2(n),..., xj(n) ' (1a)
voi n=1, 2, ...., N dai dién, cho J anh con tuong quan (N>J) cc’g thé chua tin hiéu
quang hoc vdi hinh dang biét trudc va vi tri khong biét trude. Ti€p theo gia su:

) S=[s(1), s(2), ..., s(N) ] ‘ ‘ (1b)

la mot mau tin hiéu dang vector hang gom N phan tir va

b=[by, ba,..., ;1" (Ic)
1a vector cudong d tin hiéu khong biét trudce gdm J phén tir. Hai gia thuyét ma mot
bd do thich nghi phai phén biét viéc c6 ton tai hay khong mau bat thuong b trong
trong tin hi¢u goc x(n), dugc cho boi

Ho: x(n) = x"(n)

H;: x(n) = x’(n) + bs(n) )
v6in=l1,2, ..., N con x(n)’ 1a vector nhiéu tap du. bPé phén biét hai gia thuyét trong
(2) phu:ong phap kiém chimng tong quat ty sO xac Xuat cuc dai GLR [2] dugc sur

dung. Nguyen ly GLR dugc mo ta tot nhat bang mét ty sd xac sudt xac dinh trén
mot khong gian mau X véi tap tham s6 Q.

Trong nghién ctru [5] céc tac gia da chl'rng minh rang sau phép trir phtt hop cho
gia tri trung binh ma trén hi€p phuong sai cua cac kénh anh quang hoc tuong quan
cd thé dugc xap xi bang ma tran duong chéo. Piéu nay chi ra rang nhiéu tap du
gan nhu c6 tinh khong phu thudc va tuan theo phan bd chuan trén cac diém anh [6-
9]. Nhu vy, c6 1y do hop 1y dé gia dinh rang nhiéu tap du co thé xap xi v6i phan
bd chuén trén cac tap mau khong gian. Mot s6 han ché dbi vé6i gia dinh nay duoc
trinh bay chi tiét trong [9].

pit M £ E{[x(n) — Ex(m)][x(n) — Ex(m)]")
1a ma tran hi€p phuong sai chua biét cua vector ngau nhién x(n) trong (1a) véin =
1,2, ..., N. Trong van d¢ hién tai tdp tham so

a £ {6 = {[b.M]IM > 0}

va ham xéc suét cuc dai cia b va M 1a
L(b,M) = ! AN Ex(m)) . M1 E
(b,M) = — e -exp ?Z@’(’”}— x(m)" M7 (x(m) — Ex(m)
=1

= — exp {2 Tr[M™ (X — EX)(X — EX)T]] 3)
voi |[M| # 01a dinh thitc cia M, X = [x(1),..., x(N)] 1a ma trdn JXN cua vecto dix
lidu x(n) va Tr biéu dién vét ciia ma tran.
Budc tiép theo dat o 1a tap con trong khong gian tham s 0 xac dinh boi gia
thuyét Ho. Theo ngdn ngit phan bu cac tip con o va 2 - o dinh nghia cac gia tuyét
Hy va H; nhu sau:
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Hy= [b,M] € wvaH,= [bM] € 0—w (4a)
trong do:

w = {[0,M]|M = 0} (4b)

0 —w={[b,M]IM =0,b + 0} (4c)

Phép kiém ching tong quat ty s6 xac suat cuc dai dugce viét lai nhu sau:
Max L{b.M)

bMel—w =k, thi H
Alx) = ‘Max L(BM) <k thi H:, ®)
b.Mew

v6i k = 013 ngudng kiém tra.

Trong 1y thuyét thong ké da bién [10, 11] cuc tri ham xac xuét cuc dai duoc tinh

nhu cac cong thirc 6a va 6b:
Max L b_..'f:l'}

bMEN—w 2] 12 |r- |: =P (63-)
va

Mazx L:b,.'d'}

BMEw o NI |r- [*2 (6b)

trong do:

My = = IV, x(n)xT(n) = T XX7 (72)

My = 3 Zh=s x5 () f (n) = 3 (X —bS) (X — bS)T (76)
va

. 5T 7

b — F (7¢)

1a nhitng udc tinh kha di nhat (MLE’s) ddi v6i cac tham sé chua biét M va b trong
cac gia thuyét Hy va H, tuong ung, vi du, xem [10, tr.430]. Nhu vy, bang cach thé
(6a) va (6b) vao (5), kiém chimg GLR duoc dua vé dang:

N/z

A(X] |“'In| =k, thE Hy ®)

br-uz <k,  thiH,
Lay can bac N/2th, klem chtng (8) nay twong duong véi (9)
U‘l’j | Mnl =0, th'E H, (9)

|M |<e thiH,

trong d6, ¢ = k¥¥. Thay thé (7a), (7b) va (7c) vao (9) ta duoc cong thuc kiém
ching 10 rang ¢ dang (10):

A(X:] — |X‘$T| =r, thiH, (10)
|XXT_[XST:.[X57:.T <c, thiH,
55

Dé tiép tuc don gian hoa (10) luu y dau tién 1a nghich dao cua XX7 t6n tai voi
xac sudt bang mot [11]. Do do, kiém chimg (10) c6 thé dugc don gian hoa bang
cach tach dinh thirc ma tran XX7 ra khoi mau s6 vé dang (11):

A(x) = x|
N z.xsTw.ngwT
s5T

xxT)y~ee

|xxT| | 1-(xx7)*
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1
= B ::XETjT::XSTj_‘-::XSTj (1 1)
z5T
Tir cong thire (11) ta thdy rang phép kiém ching tong quat xac suét cuc dai (5)
vé viéc co ton tai tin hiéu di thuong b trong tin hi¢u géc x(n) hay khong dugc dua
vé dang (12):

r(X) =

xS xx) &) 2y, thig,

g5l <ry  thi H_D (12)
3. PHUONG PHAP PHAT HIEN BAT THUONG TREN ANH
HANG KHONG DUA TREN SU'KHAC BIET VE MAU SAC

Phan tich anh hang khong tmg dung trong cong tac tim kiém ciru nan c6 thé dugc
tong quat hoa 1a cong viéc nhén dang cac dau hiéu bét thudng o lién quan dén cac dbi
tuong can tim kiém ctru nan. Cac déu hi¢u tim kiém rat da dang va trong nhiéu truong
hop réat khac biét, tach roi va tham chi 1a khong lién quan truc tiép den dbi tuong can
tim kiém. Cac du hiéu tim kiém con phu thudc vao ca thoi gian tién hanh tim kiém.
Vi du, khi str dung anh hang khong hodc anh vé tinh dé tim kiém maéy bay roi trén dt
lién. Néu anh chup khu vuc béo nan trong khoang thoi gian ngin sau tai nan thi ddu
hiéu tim kiém du tién nay ra trong dau cac nha phan tich anh s& 14 cac dam khoi. Néu
anh chup sau thoi diém bao nan mot khoang thoi gian dai hon déu hiéu tim kiém co
thé 1 cac vét d6 cua thuc vat do ‘may bay gay ra khi tiép dat. Khi ddi tuong tim kiém
1a con ngudi thi diu hiéu tim kiém trén anh hang khong ciing kha da dang. D6 phan
giai khong gian ciia anh hang khong pho bién & dai 0.15-0.3 mét. Déi tuong vat 1y con
nguoi thuong khong hién dién trén anh dé nhan dang, néu c6 thi do cu tric dja hinh
bé mit trai dét, sy che khuat do cac ddi twong khac, 46 phan giai anh va tu thé ngau
nhién khi bi nan hinh dang d6i twong nguoi trén anh hang khong ciing khong tuan theo
mot khuan mau chuan muyc nao thun loi cho viéc nhan dang hinh hoc. M6t goi v tiép
theo chinh 1a cac dd vat di kém véi d6i twong tim kiém. Twong tw nhu (101 tuong nguoi
cach tim kiém bang nhan dang hinh hoc ciing s& gip kho khin do miu nhan dang
khong con chuén tic. Mot cach tiép can nita c6 thé tmg dung duoc dé phan tich anh
hang khong tmg dung trong tim k1em ctru nan la phan tich mau sic cac vat thé 6 lién
quan hoac di kém voi dbi tuong can tim kiém. Nhiéu vat thé di kém trén may bay bi
nan c6 mau sic khac biét v6i mau nén xung quanh trén bé mat, dac biét khi tai nan xay
ra ¢ cac khu vuc rung ndi hay trén bién. Mot cau hoi tiép theo duoc dit ra la su khac
biét vé mau sac thé hién nhu thé nao trén anh mau ba kénh RGB thu tir may anh hang
khong. Bing cach nao dé cac thanh phan mau sic c6 anh hudéng chinh trong qua trinh
phan tich bat thudng bang thuat toan tu dong. Theo cach tu duy nay nhém nghién ctru
chon giai phap xay dung thut toan phat hién khac biét mau dwa trén toan tor Rx dé
phat hién sy khac biét vé mau sac diém anh trong khong gian mau LAB. Khong gian
mau LAB duoc lya chon dé loai bé su anh hudng cta chiéu sang khong déu dic biét 1a
nhiing ving c6 két ciu phan quang manh. Tinh chét tich kénh do chiéu sang ra khoi
mau sic khong c6 & cic md hinh mau khac.

Trong khong gian hé mau LAB [12], mau duoc biéu dién bang mot t6 hop 3
kénh nhu hinh 1:Kénh L (Lightness-Luminance) 14 tryc thing dung, biéu dién d6
chiéu sang, ¢6 gia tri tir 0 (Black) dén 100 (White). Kénh nay hoan toan chi chtra
thong tin vé do sadng, khong chura gia tri mau thyc sy;Kénh "a" chira gia tri mau tr
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Green (-) cho to1 Red (+); Kénh "b"chira gia tri mau tir Blue (-) t61 Yellow (+).Do
thong tin mau sic va do chiéu sang cua diém anh duogc biéu dién tach ra nhu vy,
chung ta c6 thé tich ra hai kénh mau "a" va "b" dé phan tich sy khac biét mau sic
cia diém anh véi lan can xung quanh nd. Kénh d¢ sang L, nhu phan tich ¢ trén,
khong tham gia vao qua trinh phat hién khac bi¢t mau nén khong lam anh hudng
t6i két qua phat hién cac diém anh di thuong.

Chi tiét cong thirc chuyén d6i
tr h¢ mau RGB vé LAB va
nguoc lai kha pho thong va duoc
md ta chi tiét trong nhiéu ngudn
tai liéu [12]. Luu dd thuat toan
phat hién khac biét mau trén dnh
hang khong trng dung cho cong
tac tim kiém cru nan duoc trinh
bay nhu dudi day:

L=0
Black

Hinh 1. Minh hoa khong gian mau Lab.

Anh hang khong khu vic bio nan

v

Chuyén d6i khong gian anh tir RGB sang Lab

v

- Tinh ma tran hiép phuong sai

- Tinh vector trung binh toan cuc

- Thiét 1ap ngudng phat hién bat thuong £
- Thiét 1ap s6 diém bt thuong An=0; i=0

y

Ding /\ Sai

v

Tinh Rx(7; )

\KN/

Iout(i):25 5
An=An+1

Lou(1)=0

v

i=i+1

Anh dau ra Tout

Hinh 2. Luu do thudt todn phat hién bat thwong dva trén sy khac biét mau.
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4. THU'C NGHIEM PHAT HIEN BAT THUONG
TREN TAP ANH HANG KHONG

Dit liéu anh hang khong thu chup trong cac tinh huéng tim kiém ctru nan thuc té
con rat hiém. Nhom nghién ctru chon giai phap thuc nghiém phuong phap dé xuat
trén ba bo dit liéu mau. Ba mau dir liéu anh hang khong dugc chup tir may anh
SonyWXRGB lép trén may bay khong ngudi 1ai Swinglet & do cao 600 mét tai cac
khu vuc Ba Vi Ha Noi, bién Pa Ning trich tir phan dir liéu thuc nghiém dé tai cip
nha nuéec ma sb VI-UD.04/16-20 thude chuong trinh KHCN vii try. Trén mau anh
01, chup dia hinh dong bang, kich thudc 924x732 diém anh, 40 cum mau muc tiéu
véi 4 loai kich thude 10x10, 7x7, 5x5, 3x3 diém anh duogc gieo déu trén bdn hang.
Trén cac mau anh 02, chup dia hinh ring, kich thudc 867x728 diém anh va mau
03, chup bién, kich thudc 658x529 diém anhsd lugng cum mau muc tiéu nhu trén
duogc gieo ngau nhién ca vé vi tri 1An mau sic.

Hinh 3. Ba mau énh thuc nghiém.

St dung thuat toan Rx co ban dé phat hién bat thuong trén ba mau anh trén theo
hai kiéu dir liéu dau vao nhu sau:

- Sir dung 3 kénh RGB cua anh hang khong trén 1a dau vao cua thudt toan;

- Chuyén dbi khong gian mau RGB cua anh hang khéng trén thanh khong gian
mau Lab, st dung 2 kénh a va b 1am dau vao cua thuat toan.

- Trong nghién ctru nay ngudng phat hién duoc 14y dua trén mién gia tri thuc té
cua gid tri di thuong Rx.

Két qua tim kiém bt thuong dua trén mau dugc thé hién trong bang dudi day:

Bdng 1.
TT D ligu dduvao |1V ¢ Phat [IVIEphdt o o0 hit thuong
hién dung hién sai
1 %xnhl_RGB 30,43% )5
2 | Anhl Lab 100%
3 %;nhZ_RGB 0.054% 55
4 | Anh2 Lab 100%
5 %xnh3_RGB 7,05% )5
6 | Anh3 Lab 100%

Céac anh két qua thé hién trén cac hinh 4, 5, 6 nhu sau:
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(a) ()
Hinh 4. Keét qua phat hién bat thuwong véi mau anh thir nhat,
khong gian mau Lab (a), khong gian mau RGB (b).

(a) ()
Hinh 5. Keét qua phat hién bat thwong voi mdau anh thur hai,
khong gian mau Lab (a), khong gian mau RGB (b).

(a) (b)
Hinh 6. Két qua phat hién bat thuong véi mau anh thir hai,
khong gian mau Lab (a), khong gian mau RGB (b).
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Can ctr két qua thur nghiém trén ba mau anh hang khong cho thay thuat toan Rx
co ban phat hién cic ddi twong bat thuong dua trén mau sic réat tot. Khi chuyen
khong gian mau RGB sang khong gian mau Lab thuat toan cho két qua t6t nhét.

5. KET LUAN

Trong cong tac tim kiém ctru nan viéc nang cao ty 1¢ phat hién dau hiéu bat
thudng mang y nghia quang trong, rut ngin thoi gian va phi ton tai chinh, sirc lyc,
tinh than, dong thdi nang cao co hdi ciru nan. Phuong phap phat hién dau hiéu bat
thuong trén anh hang khong dé xuét trong bai bao da duoc tiép can khoa hoc dua
trén su két hop ctia toan tir phat hién di thuong Rx véi anh hai kénh mau trong moé
hinh mau LAB dé loai bo anh hudng cia do chiéu sang khong déu trén anh, dic
biét l1a cac vung phan quang manh. Két qua thuc nghiém trén cac bo dit liéu mau
cho két qua phat hién cac diém anh bat thuong tét hon trén anh gdc va phi hop véi
1ap luan dé xuat. Két qua ban dau nay cua nhom nghién ctru sé timg budc duge
kiém nghiém trén cac loai dit liéu v€ tinh quang hoc trong cac nghién ctru tiép theo
dé phat hién dbi twong troi dat trén bién. Cac mé hinh cai bién ctia b phat hién Rx,
phuong phap iy ngudng tu dong va giai phap song song trén tap dir liéu 16n ciing
s& duoc khao sat trong cac nghién ctru tiép theo.

Loi cam on: Nhom tac gia cam on sy tai tro vé kinh phi tir dé tai nghién ciu ciru khoa hoc cap
quoc gia ma $6 VT-UD.04/16-20 thugc Chuwong trinh KHCN vii tru, sw giup do vey twong khoa hoc
cua Thzeu twong GS. TS. Nguyen Lac Hong PGP Hoc vién KTOS, sy gip do vé y tuong ung dung
thue té ciia bai ta Ths. Tran Van Kim Truong Trung tam quoc gia diéu hanh tim kiém cieu nan va

ung pho su ¢6 thién tai/UBTKCNQG, sur gép Y chuyén mon cua cdac cong sy Khoa CNTT, su tgo
diéu kién cua Vién Ky thudt CTDB - HVKTQS dé nghién cuu nay dwoc tien hanh thudn loi.
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ABSTRACT

ANOMALY DETECTION ON AREAL IMAGERY
FOR SEARCH AND RESCUE

Nowadays, application of Areal and UAV images in search and rescue
works is an appropriate, modern and effective approach. In areal image
analysis for search and rescue pattern recognition methods based on
geometric object identification do not cover the specific signatures of search
objects. In this reseach, an approach for anomaly detection on RGB areal
imagery based on color difference is proposed. The proposed algorithm has
been verified on test dataset and showed reliable results.

Keywords: Anomaly detection, Areal images, Color difference, Search and rescue.
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