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LOI CAM DOAN

T6i xin cam doan Lu4n vin Thac si v6i dé tai "Phan doan thuc thé nguy trang dua
trén dac trung co tinh phan biét cao" 1a cdng trinh nghién cttu khoa hoc cua t6i va nhiing
ndi dung dudc trinh bay trong lun vin nay la hoan toan trung thuc. Cac cd nhén, td chic
hd tr¢ toi trong qua trinh thuc hién luin vin da dudc dé cap trong Loi cAm on. Cac cong
trinh khoa hoc dudc t6i tham khéo c6 trich din ro rang va liét ké cu thé, chinh xéc trong

phan Tai liéu tham khéo. To6i hoan toan chiu trach nhiém vé ndi dung ctia ludn vin nay.

Hoc vién cao hoc

Nguyén Thanh Danh



LOI CAM ON

V6i tat ca long kinh trong va biét on, toi gii 16i tri 4n dén nhitng ngudi Thay da huéng
dAn tdi trong qua trinh thuc hién Luén vin Thac si nay: Thiy Nguyén Vinh Tiép, Trudng
Phong Thi nghiém Truyén thong Pa phuong tién (PTN TTDPT) da dong hanh véi toi
trong qua trinh thuc hién luin vin; Anh Tam Nguyén, Gido su tai Dai hoc Dayton, da
truyén cam hiing va hd trd tdi trong cac nghién ctiu vé thuc thé nguy trang; Thay Ngd
Pic Thanh, Trudéng Khoa Khoa hoc mdy tinh, da gidp dd toi cac vin dé trong qud trinh
thuc hién luin vin; va tit ca cac Thay Co6 da gitip d6 tdi trong sudt qua trinh hoc tap va
lam viéc tai Truong Pai hoc Cong nghé Thong tin.

Bén canh d6, toi gii 16i cdm on dic biét dén Khoa Khoa hoc mdy tinh, va PTN
TTDPT di tao diéu kién va cung cAp mot mdi trudng lam viée phi hop d€ toi thuc hién
dé tai nay. Toi ciing gti 18i cdm on dén Quy Ddi méi sang tao Vingroup (VinIF) da tao
diéu kién va dong hanh vdi tdi trong mot cach cu thé véi chuong trinh hoc bong Thac si,
Tién si trong nudc nam 2022 (VINIF.2022.ThS.104).

Téi ciing khong quén gii 15i cam on dén ban be, diic biét 1a cdc ban sinh vién ma toi
c6 co hoi gidp gd va lam viéc tai PTN TTDPT, ciing nhu tit cd moi ngudi, du cdch nay
hay céach khac, da dong hanh véi t6i trong sudt quang thoi gian viia qua.

Cubi ciing, toi xin giii 15i cdm on dén gia dinh, da nu6i dudng va ludn ludn tng ho
t6i bang tinh yéu thuong d€ tdi trudng thanh va phat trién trén con dudng ma tdi da chon,

cu thé héa bang luan vin ma tdi da hoan thanh hom nay.

Hoc vién cao hoc

Nguyén Thanh Danh



vi

- <
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Nguy trang 12 mot co ché tu vé ctia cdc loai dong vt trong tu nhién dé ching 4n minh
vao moi trudng xung quanh dé tranh dudc ké thit nguy hiém. Nghién citu vé dbi tugng
nguy trang & cAp do thuc thé 12 mot chii dé nghién cifu diy thach thifc va ¢ nhiéu tng
dung trong thuc tién. Véi thuc thé c6 tinh chit nguy trang, kha ning phan biét gitta dic
trung nguy trang cua thuc th€ va canh vat xung quanh c6 thé gitip cdc mo6 hinh hoc may
thuc hién t6t hon tac vu cia ching. Cac dic trung ndy dudc xem 1a dic trung c6 tinh
phan biét cao.

Trong ngi canh thuc té, cic thuc thé dong vat nguy trang thuong khé phat hién bang
mat thudng do tap tinh 14n trén ké thi hay nguy trang vao méi trudng tu nhién, ddn dén
viéc thu thap dit liéu bi gi6i han. Vi thé, cau hoi dit ra 1a 1am sao nhan dinh va khai thac
céc ddc trung c6 tinh phan biét cao cta cac thuc th€ nay so v6i méi trudng dé gitip mo
hinh hoc may st dung dif liéu hiéu qua hon trong qud trinh huan luyén? Pong thdi, trong
diéu kién it di liéu huan luyén, 1am cach nao dé€ cac mo hinh c6 kha ning dua ra du doan
chinh xac hon?

Trong ludn van nay, ching toi tap trung nghién cttu & khia canh khai thac cac dic
trung c6 tinh phan biét cao giiia thuc thé va viing nén d€ giai quyét bai toan phan doan
thuc thé nguy trang. Hon nita, chiing tdi cling dé xuét huéng giai quyét trong trudng hop
dic thu it di liéu huin luyén cta thuc thé nguy trang. Cu thé, déng gép cia chiing tdi

trong luan vin nay gdm 03 diém chinh sau:

e Nghién citu, dé xuit mé hinh mét giai doan CE-OST [CT1] duya trén kién tric
Transformer tdng cudng dic trung bién canh (contour emphasis) d€ phan doan thuc

thé nguy trang.

+ Nghién cifu, dé¢ xuit mé hinh hai giai doan FS-CDIS [CT2, CT3] dic thu cho
ngit canh it dif liéu d€ giai quyét bai todn phan doan thuc thé nguy trang dua trén
ky thuat hoc tuong phén (contrastive learning) v6i hAm mét mat ba thanh phan &
cp do thuc thé (Instance Triplet Loss) va st dung bd nhé Iuvu trit thuc thé (Instance

Memory Storage).
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 Pé xuét tap dir liéu anh CAMO-FS [CT2, CT3] cho bai to4n phat hién va phan
doan thuc thé nguy trang, dudc tinh chinh va tao 1ap céu triic phuc vu huéng tiép

can hoc it du liéu.

Chiing toi tién hanh thuc nghiém danh gid d6 chinh x4c cdc md hinh dé xuét trén céc tap
dit liéu chuén tiéu biéu trong nghién ciu dbi tugng nguy trang nhu COD10K, NC4K,
CAMO-++ va tap dif liéu dé xudt CAMO-FS.
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Chuong 1

TONG QUAN VE PE TAI
NGHIEN CcUU

1.1 Giéi thiéu dé tai

Béi canh thuc tién. Bai toan phan doan & cip do thuc thé trong linh vuc thi gidc may
tinh c6 nhitng Ung dung tiém ning trong thuc té nhd vao kha ning doc hiéu hinh anh &
muc do chi tiét cao, cu thé 1a & cip do thuc thé. Trong luin vin nay, ching toi giai quyét
bai toan phan doan thuc thé trén cic dbi tuong dic thi c6 yéu td nguy trang. Vi muc
tiéu giai quyét bai toan trén dbi tuong c6 yéu td nguy trang dic thil, ching to6i huéng dén
cc tng dung tiém ning khi c6 thé phat hién tu dong cac dbi tudng c6 tinh chit nguy
trang, c6 thé ké dén nhu cc nhiém vu tim kiém va gidi ctfu con ngudi, dong vat trong tu
nhién hay dé bio ton céc loai dong, thuc vat [37, 38].

Cu thé hon, chiing tdi trinh bay mot sd ngit canh tng dung dién hinh cla bai todn
phan doan thuc thé nguy trang véi nhitng vi du thuc té sau day:

Tim kiém va bao ton cac loai dong vat quy hiém. Két qua ctia bai toan nay cd thé hd
trg dic luc trong cong tac tim kiém va bao tdn nhitng loai dong vat quy hiém trong diéu
kién tu nhién phiic tap. Hinh 1.1 trinh bay 4nh chup thuc té ctia 2 c4 thé dong vat quy

hiém. Hinh 1.1-a 14 anh chup mdt c4 thé mang! 16n dudc nhin thiy & Cong vién Qubc

"Mang, con goi la hoang, ki, mén hay mén, 1a mot dang huou, nai cd nhét dugc biét dén.
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gia Virachey ctia tinh Ratanakirri, Campuchia nim 20212, Hinh 1.1-b 12 4nh chup mot
ca thé hd hoang da trudng thanh dudc ghi nhan nim 1999 tai Vudn Qudc gia Pu Mit,
Viét Nam?. C6 thé nhén ra tif 4nh chup tu nhién ctia 2 c4 thé dong vat nay, ching khong
c6 yéu té mau siac ndi bat hay cac dic trung tach biét so véi méi truong xung quanh. C6
thé n6i diy 1a ban ning sinh ton cla chiing d€ tranh ké thu hoic d€ nguy trang khi sin
mdi. Pic trung ndy khdng chi ton tai 6 2 loai dong vat k€ trén, ching ta c6 thé dé dang
tim ra céc loai dong vat khéc cling c6 ciing c¢d ché sinh tdn nhu vay trong tu nhién. Trong
cac tinh hudng can tim kiém, giai cttu hay phat hién céc loai dong vat nay v6i muc tiéu
dé€ cu ho hay bao ton, két qua ctia bai todn phan doan cung cip kha ning tu dong hoa

qua trinh tim kiém, gidp gidi phong phan nao nhan luc.

(b) Mot cé thé hé hoang d4 truong thanh dugc ghi nhan
Virachey cua tinh Ratanakirri, Campuchia nim 2021. nam 1999 tai Vuon Quéc gia PU Méat, Viét Nam.
Nguon tin: vodenglish.news Nguon tin: vietnamnet.vn

HINH 1.1: Anh chup mét s6 ca thé dong vat quy hiém trong tu nhién. Céac

loai dong vat nidy mang nhiing mau sac, dudng nét tuong dong véi moi

trudng xung quanh hoic c6 tip tinh 4n minh d€ sin moi. Cac yéu td nay
khién ching tré nén khé bi phat hién.

Phuc vu cdng tac tim kiém va giai citu. Mot vi du khéc v6i quy mo cong tac tim kiém
va gidi ctfu 16n hon dudc tng dung trong cac chién dich tim kiém cifu nan con ngudi
khi xay ra su c6 hoic thién tai. Thong thudng, cac chién dich tim kiém cifu nan duoc t&
chiic & quy mo 16n doi hdi mot ludng 16n vé nhan luc va vat luc, tiéu tén chi phi dang ké.
Liéu chiing ta c6 thé giam bét chi phi ndy nhd vao sy hd trg cia mdy moc? Mot trong
nhiing hudng giai quyét tiém ning 1a chiing ta c6 thé sit dung thiét bi bay khong ngudi

14i (drone) d€ thu thap hinh 4nh tai khu vuc dugc khoanh viing tim kiém. Céc hinh anh

Zhttps://vodenglish.news/first-confirmed-sighting-in-cambodia-of-endangered-deer-official, truy cap
vao thang 09/2023.

3https://vietnamnet.vn/chuyen-ve-buc-anh-duy-nhat-chup-ca-the-ho-rung-o-viet-nam-809941.html,
truy cap vao thang 09/2023
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N INIE Y . - ! A
HINH 1.2: Minh hoa y tuéng phat hién cic d6i tuong hay thuc thé c6 tinh
chit nguy trang c6 thé dp dung tu dong trong céc chién dich tim kiém va
gidi cifu con ngudi hay cic loai dong vat khi st dung hinh anh tir thiét bi
bay khong ngudi 14i hodc hinh anh ti cac camera giam sat.

thu dugc s& dugc mod hinh hoc mdy xi ly va dua ra du dodn céc vi tri ¢6 ton tai ddi tugng
dugc quan tim, trong trudng hop nay c6 thé 1a dd vat, dong vat, hodic 1a con ngudi. Hinh
1.2 minh hoa cho y tudng néi trén. Thiét bi bay khong ngudi 1di ¢6 kha ning thay thé con
ngudi hoat dong trong cac moi trudng phiic tap, nguy hiém nhu nui d4, riing ram, hay sa
mac... Hinh anh thu dugc cho phép con ngudi nhan biét tinh hinh tai cdc vi tri can trién
khai nhiém vu tim kiém ctfu nan va giadm thiéu céc rii ro c6 thé xay ra véi doi citu ho.
Bén canh cic ngilt canh ting dung thuc t€ néi trén, bai todn phan doan thuc thé nguy
trang con c6 nhiéu dng dung trong céc linh vuc khac, c6 thé ké dén nhu linh vuc truyén
thong, gidi tri, y khoa hay quan su. K€ ra mot sd vi du thuc tién trén day, chiing t6i mong
mudn phan nio ching minh tiém ning ing dung clia cic két qua do bai toan phan doan
thuc thé nguy trang mang lai, thiic ddy su phat trién ctia cic nghién ctfu vé thuc thé nguy

trang trong cong dong khoa hoc.
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1.2 Dinh nghia bai toan

Phat biéu bai toan. Trong luan vin nay, ching toi giai quyét bai todn phan doan ngit
nghia & cip dd thuc thé trén cic anh c6 chiia cac thuc thé dic thu mang yéu té nguy
trang. Bai toan dudc dinh nghia véi dau vao 12 4nh c6 chia cic thuc thé nguy trang va
dau ra 13 ban dd phan doan ngit nghia theo tiing thuc thé nguy trang riéng biét co trong
anh. Hinh 1.3 sau ddy mo ta mot cach truc quan dau vao va dau ra ctia bai toan. Vi mdi
dnh dau vio c6 chifa thuc thé nguy trang, mo hinh phan doan thuc thé can tra vé ban
d6 phan doan ngit nghia cia mdi thuc thé nguy trang trong anh (mdt na phdn doan mau

xanh va mau do).

HiNH 1.3: Minh hoa dAu vio va dau ra clia bai toan phan doan thuc thé nguy
trang. Pau vao 1 anh chia cac thuc thé nguy trang, dau ra 1a mit na phan
doan ngit nghia cla tiing thuc thé nguy trang.

Trong luin vin nay, chiing toi tiép can gidi quyét bai toan phan doan thuc thé nguy
trang bang phuong phap khai thac va tan dung cac diic trung c6 tinh phan biét cao
clia cdc thuc thé nguy trang trong anh. Nguy trang 12 mot co ché tu vé ciia céc loai dong
vat trong tu nhién dé€ chiing 4n minh vao moi trudng xung quanh, tir d6 tranh dugc ké
th nguy hiém. Bai toan phan doan dbi tudng nguy trang & cip do thuc thé 1a mot chi
dé nghién ctiu mdi va thach thic bdi mic do chi tiét ngay ca mit ngudi ciing khé nhan
biét dugc. V6i ddi tuong c6 tinh chit nguy trang dic thu, viéc phan biét dic trung nguy
trang cta thuc thé va viing nén sé giip cac md hinh hoc mdy c6 kha ning thuc hién t6t
hon tac vu cua chung. Cac dac trung dac thu nay dudc xem la dac trung c6 tinh phan biét

cao vi ching gitip md hinh dua ra quyét dinh chinh x4c hon. Trong ngit canh thuc té, cac
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thuc thé nguy trang thudng 14n trén ké thu hay nguy trang vao mdi trudng tu nhién, dan
dén viéc thu thap dit lidu c6 gidi han. Vi thé, viéc nhan dinh va khai thac cac dic trung
c6 tinh phan biét cao cla céc thuc thé nay so v6i mdi trudng sé gitp mo hinh st dung dit

liéu hiéu qua hon trong qud trinh huin luyén va dua ra du dodn chinh x4c hon.

HINH 1.4: M6t s6 hinh anh minh hoa cho dif liéu anh thuc thé nguy trang
dudc trich tu tap du liéu CAMO++ [36].

K¢ thita tlf c4c cong trinh truée diy nghién cifu céc bai todn trén ddi tuong nguy trang
[12, 36, 38, 49, 54, 86, 88] cling nhu cac tap du li€u dac thu phuc vu bai toan nay [12,
35, 36, 38, 49, 60, 691, cic thuc thé nguy trang dudc xdc dinh gdm c6 cic loai dong vat,
bao gdm c4 con ngudi, c6 kha ning nguy trang dé 1am cho ban than khé bi phat hién
bang cach hoa 14n v6i mau sic, chit lidu ctia mdi trudng xung quanh. Anh chifa cic thuc
thé nguy trang hay anh nguy trang 1a anh c6 chiia cic dong vat, hay con ngudi ma & dé
cdc chi thé nay c6 mau sic, chit liéu tuong dong véi ving hiu canh. Bang mat thudng,
con ngudi khi nhin vao cdc 4nh nguy trang nay sé khé phan biét dugc dau 1a céc thuc thé
nguy trang, dau la viing nén. Hinh 1.4 cung ciAp mot s hinh anh minh hoa cho cic anh
chup c6 chifa thuc thé nguy trang dugc trich tir tap dit lieu CAMO++ [36]. Liéu chung ta
c6 dé dang tim ra thuc thé nguy trang trong nhiing biic 4nh nay? Néu ban gip khé khin
trong viéc nhan dién cac thuc thé nguy trang, ching t6i da chuin bi ciu tra 15i cho cau

hoi nay tai Hinh 2.19 véi cac nhan thuc thé phan doan.
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Cic thach thire. Linh vuc nghién ciu vé ddi tugng nguy trang ndi chung va bai toan
phan doan thuc thé nguy trang ma luin vin nay huéng dén néi riéng c6 nhiing thach thiic
dic thii. C4c khé khiin nay c6 thé chia thanh 2 nhém chinh gdm c6 thach thiic lién quan

dén dit liéu va thach thiic lién quan dén phuong phép gidi quyét bai toan:

« Quy mé cdc tip dir liéu nguy trang gan nhan con han ché. V& mit ty nhién, céc
dong vat nguy trang c6 tap tinh nguy trang dé 14n trén ké thi. Ching 4n minh vao
moi trudng xung quanh va gy khé khin cho viéc phat hién bang mat thudng. Vi
thé, viéc thu thap dit liéu trong thuc té tén thdi gian va cong sic. Hon nita, vdi bai
todn phan doan thuc thé, cdc hinh anh nay cin dugc gdn nhin phan doan véi yéu
cu chinh x4c dén cip do di€ém anh. Viéc gan nhin nay tiéu ton nhiéu thoi gian va
nhan luc, vi thé, cdc tap dif liéu so khdi cho bai todn nay thudng gip gidi han vé
nhan phan doan. Ciing vi 1& d6, s6 luong tap dif liéu chuin véi kich thudc 16n va
chét luong cao khong nhiéu. Chiing tdi da thuc hién khao sat vé vin dé nay va trinh

bay chi tiét trong phan Céc cong trinh lién quan.

« Chua c6 nhiéu mé hinh phan doan thuc thé nguy trang. Céc cong trinh trudc
day vé phan doan thuc thé thuong dudc thuc hién trén mién dit lidu tdng quat véi
cac tap du liéu 16n nhu MS-COCO [43] hay ImageNet [10]. Tuy cdc mo6 hinh nay
dat két qué cao trén dit lidu téng quat, ching gip kho khin khi 4p dung truc tiép
1én dit liéu nguy trang dic thi ma chiing t6i huéng dén. Cac mod hinh doi héi s6
luong dit liéu huin luyén 16n, diéu ma di liéu vé d6i tuong nguy trang chua dap
ting tot. Pong thoi, cac dé xuét vé kién triic mo hinh ciing chua khai thac dudc tot
yéu tb diic thu cia thuc thé nguy trang dé€ gidp phan biét chiing v6i viing nén mot

cach hiéu qua.

Ly do thuc hién dé tai. Bai todn phan doan dbi tuong nguy trang & cip do thuc thé
12 mot chii dé nghién ctiu diy thach thiic va con nhiéu khia canh chua dudc khai thac
trong linh vuc thi gidc mdy tinh. Thém vao d6, cong dong nghién ctiu chua tip trung giai
quyét bai todn phan doan céc dbi tugng nguy trang nay & cip do thuc thé va viéc khai
thic céc dic trung c6 tinh phan biét cao gitta cac thuc thé nguy trang va ving nén. Viéc

dau tu nghién ctiu bai toan nay sé gép phan vao su phat trién ctia cong dong khoa hoc
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noi chung, va huéng nghién ctiu dac thu nay noi riéng. Hon nuia, viéc phat hién ty dong
cac dbi tuong c6 tinh chit nguy trang c6 nhiéu ting dung thiét thuc, c6 thé ké dén nhu
cac nhiém vu tim kiém va giai cu con ngudi va dong vat trong t nhién hay bao tdn

dong, thuc vat da trinh bay & phan trén.

1.3 Muc tiéu cua luian van

Bai to4n phan doan thuc thé nguy trang 12 mot bai toan khé va con nhiéu thach thiic.
Trong ludn vin nay, khi gidi quyét bai toan phan doan thuc thé nguy trang, chiing toi

huéng dén 2 muc tiéu chinh sau day:

1.3.1 Tang cuong diic trung phan biét 6 ving bién canh dé phan

doan hiéu qua thuc thé nguy trang

HiNH 1.5: So sdnh su tuong dong vé miit thi gidc clia cac ving anh trong

anh c6 chiia thuc thé nguy trang. Thif tu gn nhin: (a) 4nh gbc, (b) anh véi

dudng bién canh, (c) 6 cit vung thuc thé, (d) 6 cat ving nén, (e, f) 6 cat
viing bién vt thé va viing nén.

Dic trung clia céc thuc thé nguy trang, don ¢l 1a céc loai dong vat nguy trang, la
tuong thich mau sic, hinh dang, chit liéu clia vé bé ngoai ctia chiing cho phu hgp véi
moi trudng xung quanh. Bing cich nay, ching cé thé ddnh lira ké thu dé trd nén "vo

hinh" va hoa 14n vao cénh vat. Tuy nhién, kha ning 4n minh va hoa 14n v6i moi trudng
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ton tai nhitng nhudc diém nhit dinh. Cdc mang mau, hinh dang ctia thuc thé nguy trang
dudc chuin bi tot & cac khu vuc trung tAm hay cac ving 16n trén co thé. Nhung khi ching
ta nhin tif mot géc do ndo do, cac khu vuc tiép gidp giita thyc thé nay va moi trudng sé cé
nhiing yéu t6 chua tuong dong. Hinh 1.5 minh hoa gitp hinh dung ré nét hon vé nhiing
yéu t6 chua tuong dong clia cac thuc thé nguy trang nay va ving nén. Tai cdc khu vuc
tiép gidp, hay con goi 1a bién canh, cic dic trung nguy trang dudng nhu mét di tinh lién
tuc ctia chiing. C4c hoa vin, mau sic di cho dudc nguy trang tot, van thé hién su dit
doan, khong thdng nhit gitta thuc thé va moi trudng xung quanh. Vé mit dinh nghia,
mot diém 4nh dudc coi 1a thudc bién canh ctia vat thé néu tai d6 dién ra su thay ddi dot
ngdt vé mau sic, hodc cudng do. Dua trén quan sit nay, ching to6i nhan dinh ring, viée
khai thac va tin dung tét cac dic trung bién canh c6 kha niing cai thién dé chinh

x4c phan doan cla cidc md hinh hoc siu tién tién.

1.3.2 Khai thic dic trung phan biét véi it dir liéu huén luyén dé

phan doan thuc thé nguy trang

Giai doan 1: Huan luyén co’ s& Giai doan 2: Tinh chinh it di¥ liéu

Kh@i trich xuat Pau
ddc trwng * ra

Khai trich xuat Pau
dac trwng ]

M5 hinh M6 hinh

Anh co s&

(nhiéu)
MAu méi (it)

HINH 1.6: Y tudng téng quit ciia mo hinh hoc dua trén it mau di liéu huin

luyén. Qud trinh hoc gdm 2 giai doan: giai doan cd s& cung cép tri thic tdng

quét cho mo hinh va giai doan tinh chinh gitip m6 hinh hoc dua trén it mau
dit liéu huén luyén gan nhan.

Céc thuc thé dong vat nguy trang thudng c6 xu huéng 4n minh dé 14n trén k& thu
nguy hiém, khién cho viéc nhén ra chiing trong tu nhién tré thanh mot nhiém vu khé
khin. Hinh 1.4 minh hoa mdt sd hinh anh vé cac dong vat nguy trang trong tu nhién gay
thach thic trong viéc nhan dién bang mat thuong. Diéu nay lam cho qua trinh thu thap

dit liéu thuc té vé cac loai nay ciing giip trd ngai. Hon nita, bai toan ma ching t6i hudéng
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dén 12 phan doan & cip do thuc thé. Vi thé, viéc gan nhin dif liéu phan doan trén cic
hinh 4nh nay doi hoi su cin than va chi tiét cao, tiéu ton nhiéu cong stic. Chinh vi thé,
chiing t6i dit ra muc tiéu 1am sao dé c6 thé st dung it dit liéu huén luyén gan nhén vé
céc thuc thé nguy trang ndy ma van dam bao hoan thanh dudc tdc vu phan doan thuc thé.
Muc tiéu nay huéng dén viéc giam thiéu chi phi gan nhan dong thdi st dung cic kién
triic dudc thiét ké cho diéu kién it dit liéu hun luyén. Hon nita, viéc sit dung it mau dit
liéu huén luyén doi hdi kha ning khai thac hiéu qua cic thong tin dic trung nguy trang
clia mo hinh trong ciac mau dit liéu huin luyén c6 sdn. Hinh 1.6 minh hoa y tuéng tdng
quat ctia md hinh hoc dua trén it mau di liéu huin luyén dudc ching toi 4p dung trong
muc tiéu nay. Vi co ché hoc it dif liéu, mo hinh dudc huin luyén trudc hét véi giai doan
cd s& nham cung cip tri thic tdng quan, va sau d6 hoc trén it dif liéu gan nhan & giai

doan tinh chinh nham dua ra du doan trén cac 16p ngit nghia muc tiéu.

1.4 Dong gop chinh cua luan van

Vi hai muc tiéu chinh néu trén, ching t6i dé xuit phuong phap dé cai thién do chinh
x4c ctia cdc md hinh hoc sau tién tién trong tic vu phan doan thuc thé nguy trang véi 03

dong gép vé mit khoa hoc nhu sau:

Mot 13, nghién ctu, dé xuit mo hinh CE-OST [CT1] dua trén kién tric Transformer
v6i khdi ting cudng dic trung bién canh (contour emphasis) d€ phan doan hiéu qua

céc thuc thé nguy trang.

e Hai 13, nghién ctiu, dé xuAt mo hinh FS-CDIS [CT2, CT3] st dung it dit liéu huin
luyén dé gidi quyét bai todn phan doan thuc thé nguy trang va khai thac dic trung
phan biét dua trén k¥ thuat hoc tuong phan (contrastive learning) vi hAm mat mat
ba thanh phan & cip do thuc thé (instance triplet loss) va sit dung bo nhé luu trit

thuc thé (instance memory storage).

* Ba 13, dé xuét tap di liéu &nh CAMO-FS [CT2, CT3] cho bai toan phat hién va
phan doan thuc thé nguy trang, dudc tinh chinh va tao 1ap cu triic cho hudng tiép

can hoc it du liéu.
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1.5 Bo cuc luan van
Luén viin nay gém 5 chuong vé6i bd cuc nhu sau:

 Chuong 1: Gi6i thiéu. Chuong nay trinh bay téng quan dé tai, cac thach thic, ly do

thuc hién dé tai cling nhu muc tiéu va cac dong goép khoa hoc ctia luan vin.

* Chuong 2: C4c cong trinh lién quan. Chuong nay trinh bay cac kién thiic nén ting
va cdc nghién ctiu vé thuc thé nguy trang c6 lién quan dén dé tai luan vin nhu tong
quan vé nghién ctiu trén dbi tugng nguy trang, cic mo hinh phan doan, va cac tap

dit liéu chuin phuc vu nghién cifu.

e Chuong 3: Phan doan thuc thé nguy trang v6i mo hinh CE-OST khai thac déc trung
bién canh. Chuong nay trinh bay chi tiét cidc dong gép ctia luan vin v6i md hinh
CE-OST, thuc nghiém va cdc cai tién trong viéc khai thac va tan dung dic trung

bién canh d€ phan doan hiéu qua thuc thé nguy trang.

 Chuong 4: Phan doan thuc thé nguy trang st dung it dit liéu huin luyén véi md
hinh FS-CDIS. Chuong nay trinh bay chi tiét cac dong gép ctia luan vin véi mo
hinh FS-CDIS, thuc nghiém va cic cai tién trong viéc phan doan thuc thé nguy
trang v6i ngl canh it dit liéu huin luyén va khai thac dic trung phan biét dua trén

ky thuat hoc tuong phan.

* Chuong 5: Két luan. Chuong nay tém tit ndi dung ludn vin va dé cap dén huéng

phat trién dé tai.
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Chuong 2

CONG TRINH LIEN QUAN

Trong chuong ndy, ching toi trinh bay tém lugc cac nghién ctiu vé thuc thé nguy
trang c6 lién quan dén luan viin nay. Cac nghién ctiu ndy gdm c6 cc cdng trinh vé phan
doan thuc thé nguy trang v6i cac huéng tiép cin mot giai doan, hai giai doan va st dung
it dif liéu huin luyén. Chiing tdi ciing trinh by cdc hudng tiép can gitp khai thc dic
trung c6 tinh phan biét cao nhu st dung dac trung bién canh hay cac phuong phap hoc
tuong phan. Cudi cuing, ching t6i dé cap dén céc tap dit liéu diic thu cho nghién ciu trén

thuc thé nguy trang.

2.1 Tong quan nghién ciu vé thuc thé nguy trang

Béi canh thuc tién. Trong linh vuc thi gidc mdy tinh, cic nghién citu vé thuc thé
nguy trang dudc gidi han trong cac tac vu thuc hién trén dir li€u anh va video c6 chia
thuc thé nguy trang. Ching ta c6 cdc bai todn nhu phan loai, phat hién db6i tugng, phan
doan ngit nghia, hay phan doan thuc thé nguy trang, theo thi tu ting dan vé do khé va
vé mtic do chi tiét ma md hinh hoc may hiéu vé thuc thé nguy trang d6. Trong phan nay,
chiing t6i khao sét cac cong trinh lién quan dén bai toan phan doan dbi tuong nguy trang
& cap do thuc thé (hay phan doan thuc thé nguy trang). Pay 1a tac vu c6 mic do chi tiét
cao, doi hdi md hinh hoc mdy c6 kha ning nhan biét va tim ra vi tri chinh x4c clia cac
diém 4nh thudc vé thuc thé nguy trang trong anh dau vao.

Trudc hét, ching toi nhic lai dinh nghia vé thuc thé nguy trang. Cho trudc mot bic

anh, khi xac dinh cac vung quan tdm (nhu khung bao - bounding box, hay mat na ngu
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nghia - polygon masks) dai dién cho mot d6i tuong hay thuc thé dugc quan tdm trong
4nh ma cic ddi tuong nay c6 xu hudng bi nham 1an 13 ving nén thi cac ddi tuong nay
dudc xem la d6i tuogng hay thuc thé nguy trang. Theo d6, dbi tuong hay thuc thé nguy
trang dudc dinh nghia 1a mot tap cac khung bao hay mot tap cac diém anh biéu dién thuc
thé nguy trang [38]. Mic du cic nghién ctiu trén thuc thé nguy trang c6 nhiéu ing dung
trong thuc tién, hudng nghién ctiu nay van chua dugc khai pha triét dé, dic biét 12 hudng
nghién ctfu khai thac céc dic trung c6 tinh phan biét cao cia thuc thé nguy trang, hay
ting dung trong ngt canh it dit liéu ctia thuc thé nguy trang.

Thuc trang nghién ciru vé doi tugng nguy trang. Ciing nhu phan 16n c4c bai toan
trong thi gidc mdy tinh, bai todn c6 hai huéng tiép can chinh 1a sit dung dic trung cip
thap va st dung dic trung hoc sau. Cac hudng tiép cin trudc day cha yéu khai thac dic
trung cip thp nhu mau sac, bién canh, chét liéu, hay do sang [40, 61] d€ thuc hién cac
tdc vu trén thuc thé nguy trang. Nhiéu nim gan day, cing vdi su bing nd clia cic mang
hoc su, cdc tidc vu nhu phan loai, phat hién hay phan doan thuc thé€ nguy trang da dat
dugc nhiéu thanh tuu dang ké. Zhai va cong su [86] tin dung ki thuat hoc dua trén dd
thi d€ huin luyén mo hinh phat hién dudc bién canh va viing chifa déi tugng nguy trang.
Sau d6, PFNet [54] dugc dé xuét phat hién dong vat nguy trang dua trén md phdng kha
ning sin mdi trong tu nhién cha cac loai dong vt in thit. Nim 2019, Le va cong su [38]
gi6i thiéu Anabranch, mot mo hinh két hop bai todn phan loai va phan doan trén dbi
tuong nguy trang. Hudng tiép cin nay c6 kha ning tuong thich véi cic kién tric mang
tich chap day du (fully convolution network). Vao nam 2020, SINet [12] ra doi v6i muc
tiéu bat chudc hanh vi sin moi clia cac loai dong vat d€ xac dinh vi tri va nhan biét dbi
tugng nguy trang trong tu nhién. Lyu va cong su [49] thiét ké mot kién tric mang c6 kha
ning xép hang du doan cic dbi tuong nguy trang trong khi van c6 kha ning xac dinh vi
tri va phan doan chiing d€ ting cudng do chinh xdc du dodn. Clng thdi gian do, TINet
[88] khai thac yéu tb tuong tac d€ tinh chinh cac dic trung c6 lién quan dén chit lidu va
phan doan thuc thé nguy trang & da cip do dic trung. Le va cong su [36] tiép tuc nghién
ctiu vé thuc thé nguy trang véi hudng tiép can két hop da mé hinh dé€ cai thién kha ning

nam bat ngi canh, tit d6 hd trg phat hién thuc thé nguy trang tt hon.
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2.2 Cac kién tric phan doan thuc thé nguy trang

Chiing t6i tiép tuc trinh bay céc kién tric c6 lién quan dé€ phuc vu hiéu biét vé bai
toan phan doan thuc thé nguy trang v6i 3 hudng tiép can la sit dung mo hinh hai giai
doan, mo hinh mot giai doan, va huéng tiép cin st dung it dit liéu huin luyén. Trong do,
huéng tiép cin mot va hai giai doan cung thé hién khia canh kién tric thiét ké ciia cic
mo hinh, con huéng tiép cin st dung it dit liéu huén luyén 12 mot mo hinh bai todn hoan
toan khéc, & d6 tap trung khai thac thong tin tit s6 ludng it mau dit liéu cho trudc d&€ mod
hinh hoc hiéu qua. C4c phan dudi ddy trinh bay nhiing nét chinh vé cdc mé hinh dugc dé
cap, gitip ngudi doc ndm bat cac thong tin quan trong, phuc vu viéc so sanh cic md hinh

nay véi mo hinh dé xut ctia chiing toi.

2.2.1 Phén doan thuc thé véi kién tric hai giai doan

V6i huéng tiép can hai giai doan, chiing ta c6 thé k€ dén cic cong trinh st dung mot
quy trinh truyén théng gdm hai budc phat hién va phan doan dé khdi tao cic viing quan
tam (ROI) v6i khung bao rdi sau do sé tao ra mit na phan doan ngit nghia theo tiing
khung bdo d6 [71]. C4c cong bd tiéu biéu cho hudng tiép can nay c6 thé ké dén nhu:
Mask RCNN [28], Mask Scoring RCNN [30], Cascade Mask RCNN [2], PANet [44],
HTC [6], BlendMask [5], Mask Transfiner [33] hay DCNet [48]. Sau day la nhing nét
chinh vé c4c phuong phdp hai giai doan phuc vu bai todn phin doan thuc thé ma ching
toi da khao sat.

Mo hinh Mask RCNN [28]

M5 hinh kinh dién nhit 12 Mask RCNN [28], dudc dé xuét tif nhitng nim 2017, dua
trén nén tang kién tric Faster RCNN [63] cho bai toan phat hién ddi tuong. Mask R-CNN
dé xuat viéc thém vao mot nhanh danh riéng cho tic vu phan doan ngit nghia & cip do
thuc thé. Theo d6, ba dau ra sé gidi quyét riéng biét ba tac vu khac nhau, 1an lugt 1a phan
loai, phat hién ddi tugng va phan doan thuc thé. Qu4 trinh huin luyén mang c6 thé dudc
tién hanh doc 1ap dé€ huin luyén hay dong bing cic du ra nay tiy theo muc dich tic vu

can t6i vu. Pau ra phan doan thuc thé st dung cic ving quan tim dé xuit ROIs tir dau
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ra phat hién d6i tugng d€ xac dinh cac thuc thé cin phan doan. Y tudng ctia mo hinh nay
12 tién dé cho nhiéu cong trinh vé phan doan thuc thé sau nay.

M6 hinh Mask Scoring RCNN [30]

Cung huéng tiép can dua trén Mask RCNN, Mask Scoring RCNN [30] ¢6 thém mot
nhanh MaskIOU cho tdc vu danh gid mit na ngit nghia. Cu thé, nhanh MaskIOU st dung
dic trung thuc thé€ va mit na du doan dugc d€ tinh diém IoU gitta mit na du doan va mit
na nhan. T d6, t6i vu dugc tdc vu phan doan thuc thé ma Mask R-CNN dang huéng dén.
Hinh 2.1 thé hién truc quan kién tric mang ctia md hinh v6i nhanh MaskIOU Ia diém

cai tién chinh dudc dé xuat.

Backbone network RCNN Head
—>
g RoIAllgn class
—PI 1024 Ijl 1024 Ij —

T — box

RolAIngn ' 8125 szs
xC x1

/ Mask Head

[ Concat « MaxPooIlng
I MaskloU
A
M —>(102a ) 102a | [cl)
Input Image MaskloU Head

HiNH 2.1: Kién trdc mé hinh Mask Scoring RCNN [30] v6i nhanh Mask-
IOU la diém cai tién chinh dudc dé xuit.

Mo hinh Cascade Mask R-CNN [2]

Cascade R-CNN 12 mt kién tric v6i nhiéu giai doan bao gdm mot chudi cac bd phat
hién d6i tuong dudc huin luyén véi cic ngudng IOU khic nhau ting dan dé€ chon loc
ra cic méu false positive mot cach hiéu qua hon. O phién ban dudc nhom tic gia cong
bd, md hinh Cascade R-CNN [2] chi gidi quyét vin dé phat hién dbi tuong ma thdi. Tuy
nhién, véi ciing mot co ché nhu da nhiac dén & mo hinh Mask R-CNN, Cascade R-CNN

dugc thém vao mot nhanh phan doan d€ giai quyét dudc tdc vu phan doan thuc thé.
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Hinh 2.2 thé hién kién triic ciia md hinh v6i cdc mo-dun nbi tiép theo co ché xép tang
(cascading). Trong trudng hop nay, sd luong md-dun nbi tiép nhau la ba mo-dun, két qua

ctia mo-dun trude duge dung 1am dau vao cho mo-dun tiép theo.

= =
Q ]
=] =]

Js... N

HiNH 2.2: Kién tric mo hinh Cascade R-CNN [2]. "I" 1a 4nh dau vao,
"conv" 14 16p tich chap riit trich diic trung, "pool" 1a bd trich xuét dic trung
theo vung (region-wise), "H" 1a dau ra theo céc tac vu, "B" 1a két qua khung
bao, "C" 1a két qua phan loai, va "B0" 1a c4c viing dé xuét khéi tao ctia mang.

M0o6 hinh PANet [44]

PANet [44] dugc dé xuit d€ han ché viéc mat mat thong tin va ting cudng thong tin
cho tac vu phan doan thuc thé. Cu thé, PANet c6 3 déng gép chinh: 1) Han ché mat mat
thong tin va tung cudng dic trung da tang v4i thong tin vi tri tif dic trung cap thép, goi
12 mo-dun ting cudng anh bottom-up. Cu thé, PANet kham pha khia canh lan truyén
ngudc clia dic trung cAp thip dé cai thién dic trung trong qua trinh phat hién ddi tuong;
2) Tai tao thong tin bi mat giita mi viing dé xuét va dic trung tai tat ca cip do thong
qua ldy mau dic trung tuong thich (adaptive feature pooling). Khéi nay ding dé két hop
dic trung tif nhiéu cip do khac nhau cho méi dé xut, giam nhiéu cho két qua dau ra; 3)
Nam bt thong tin v6i nhiéu géc nhin khidc nhau bang cach ting cudng cho du dodn nhin
mit na v6i mang két nbi day di don gidn (FC). Ting cudng dic trung gilp ting tinh da
dang ctia thong tin tdng hop dudc, gitip mit na phan doan c6 chat lugng t6t hon. Hinh
2.3 minh hoa c4c thanh phan trong mo6 hinh PANet véi 3 dong gép chinh néi trén. Trong
kién tric mo6 hinh PANet, tham sb dugc chia sé & ca hai dau ra phat hién d6i tugng va

phan doan thuc thé, do d6, dd chinh x4c cta hai tic vu nay dudc cai thién dong thoi.
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HiNH 2.3: Kién triic md hinh PANet [44] han ché viéc mit mat thong tin va
tdng cudng thong tin cho tdc vu phan doan thuc thé.

M6 hinh HTC [6]

Chen va cong su [6] da cong bd mo hinh HTC véi muc tiéu két hop cac dic trung
phan doan va dic trung phat hién dbi tugng dé thuc thi tic vu phan doan thuc thé. Y
tudng chinh ctia mod hinh 1a cai thién ludng thong tin bang cach xép tang (cascading) va
Xt Ii da tac vu tai mdi giai doan (multi-tasking), dong thdi tin dung thong tin vé khong
gian d€ ting cudng do chinh xac phan doan. Theo do, tai mdi giai doan xii ly, ca hai tac
vu du dodn khung bao va du dodn mit na phan doan ciing dugc xu ly tuan tu, mo ta truc
quan tai Hinh 2.4. HTC c¢6 hai diém chinh trong md hinh dé xuat: 1) Thay vi thuc hién
tuan tu hai tdc vu phat hién va phan doan, md hinh thuc hién ching dong thai; 2) HTC
st dung mot nhanh tich chap day da FCNs [67] dé it trich dic trung ngit canh phuc vu

viéc phan biét viing nén va ving thuc thé c¢6 xu hudéng khé nhan biét.

F

HiNH 2.4: Kién triic mod hinh HTC [6] céi thién ludng thong tin bing cach
xép tang (cascading) va x1t Ii da tdc vu tai mdi giai doan (multi-tasking).
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M6 hinh BlendMask [5]

BlendMask [5] thém vao mdt budc khéi tao d€ tao ra cac dic trung day dic cla thuc
thé mang yéu t6 nhay cam Véi vi tri trén mdi diém anh. Sau d6, moé hinh st dung mot
mo-dun két hop dé€ gom dic trung ciia titng thuc thé tao thanh ban d6 dic trung chia
nhan phan doan thuc thé cubi cuing. Diém cai tién ctia BlendMask nam & kha ning téng
hop dic trung v6i do phan giai cao thong qua mot mang FPN dé€ két hop dic trung tai
nhiéu kich c¢& khac nhau. Mo-dun két hop dic trung ctia BlendMask sé két hop dua trén
viing dé xuat va dua dodn nhin cia thuc thé (Bottom module hay Blender), do d6, mo-
dun nay c6 kha ning gian vao cac mo hinh phat hién dbi tuong khac dé giai quyét tic vu

phan doan thuc thé mot cach dé dang (Hinh 2.5).

| Detector module | Detector feature —— Connection
| BlendMask module | BlendMask feature = = » Optional Connection
o| (|G P7
c P6 —
S IC4| Z| ) _ Boxes
~ - : —
o |CB: = |P4|—’ Attns
m
lc2 [ psl = ,
_:J | le Tower
| i
4 }

Bottom Module — Bases——{ Blender —

HiNH 2.5: Kién triic mo hinh BlendMask [5] v6i kha ning tdng hop diic
trung 6 do phan giai cao thong qua mdt mang FPN.

M6 hinh Mask Transfiner [33]

Nhom tac gia chi ra rang khoang cach giita két qua phan doan va két qua phat hién
ddi tuong phu thudc vao miic do chi tiét hay do phan giai ctia ban d6 dic trung hoc siu.
Diéu nay din dén mot s6 mo hinh du c6 két qua phat hién ddi tuong tot, nhung lai kém
hiéu qua khi xit 1i tdc vu phan doan. D& gidi quyét vin dé d6, Mask Transfiner [33] ducc
dé xuit dua trén kién triic Transformer cho bai todn phan doan dbi tuong véi do phan
giai cao. Trong Hinh 2.6, mo hinh Transfiner tru6c hét tim ra cdc ving dé bi phan doan
sai, thudng xuat hién & ving bién thuc thé hoic viing c6 tan sb cao. Sau d6, mo hinh tap
trung hoc dé€ phat hién cic viing nay thong qua mot ciu tric dang cy ti phan (quadtree)

thay vi st dung tensor thong thudng, dé€ xi ly riéng dic trung tai cic ving nay & nhiéu
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mtc do kich thudc khac nhau. K& dén, mot mang tinh chinh dya trén Transformer ducc
st dung d€ ma hoa cic node cua ciy tif phan, goi 12 Quatree Transformer. Thong qua bo
ma héa niy, mit na phan doan dau ra dudc ting cudng va cai thién tai cac vi tri dudc mod
hinh chi y néu trén. Pong thdi, viéc hoc tai cdc viing cuc bo nay ciing gidm thiéu chi phi
tinh toan, nhung dem lai hiéu qua cao vi gidi quyét dudc diém yéu ctia két qua dau ra.

Quadtree on Sequential

Input Image
Incoherent Regions Quadtree Nodes

Incoherence | _
Detector

Base Detector

5 Sequence Encoder o
2 =
2 ( . . 1 g
4 ot FFN B Multi-head Attention m *
2 ) %

Final Mask Quadtree Transformer

Sequential_l\v'lask Labels

HiNH 2.6: Kién tric md hinh Mask Transfiner [33] v6i co ché sit dung cay
ti phan (Quadtree) dé€ hoc dic trung tai cidc vung dé gip 16i va mo-dun
Quadtree Transformer dé tao ra mit na phan doan hiéu qua.

M6 hinh DCNet [48]

Gan day, DCNet [48] dudc gi6i thiéu v6i mot co ché chdng nguy trang (de-camouflaging
mechanism) d€ trich xuét dic trung cta cac thuc thé nguy trang. Cu thé, mo hinh nay
tim cach phd vd co ché nguy trang ctia céc thuc thé nguy trang bang cach chuyén ddi
dic trung tir khong gian dic trung sang khong gian tan s (frequency domain). Céc dic
trung kho phén biét 6 khong gian dic trung thong thudng sé trd nén ndi trdi nhd phuong
phép khuéch dai tan s6. Qua d6, mo hinh sé phat hién cic thuc thé nguy trang & khong

gian tan sd nay. DCNet c6 kha ning thuc hién co ché chdng nguy trang & cip do diém
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anh va cip do thuc thé dé giai quyét bai todn trén thuc thé nguy trang. Két qua dau ra cia
hai khéi nay dudc két hop dé€ dua ra du doan nhan mit na thuc thé nguy trang cudi cing.
Hinh 2.7 trinh bay mé hinh DCNet phan doan thuc thé nguy trang véi co ché chong nguy

trang & cap do diém anh va cip do thuc thé.
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HiNH 2.7: Kién tric mé hinh Mask DCNet [48] vé6i 2 khéi chic nang lan
lugt phuc vu & cip d6 diém 4nh va cip do thuc thé.

2.2.2 Phén doan thuc thé véi kién tric mot giai doan

V6i huéng tiép can mot giai doan, cidc md hinh c6 dic diém chung 12 st dung huéng
tiép can phat hién dbi tuong khong st dung diém neo (anchor-free detection) va mot sd
phuong phap tién tién gan day sé dua trén kién tric Transformer [73] d€ xdy dung mo
hinh. Tiéu bi€u cho cic phuong phap nay c6 thé ké dén nhu: YOLACT [1], CondInst
[71], SOTR [23], SOLO [78], hay OSFormer [59]. Sau day 1a mot sb nét dic trung cia
cac phuong phdp trong huéng tiép can mot giai doan dé phan doan thuc thé.

M6 hinh YOLACT [1]

YOLACT [1] 12 mdt trong nhitng phuong phap dau tién phan doan thuc thé theo thdi
gian thuc bﬁng cach két hop két qua cla hai tdc vu: tao ra mot tip nhitng mit na mau

khong chia vung cuc bd (non-local prototype masks) va du doan tuong quan gitia cac
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mit na thuc thé. Muc tiéu cia nhom tac gia 12 gan thém mdot nhanh phan doan vao mo
hinh phat hién ddi tugng mot giai doan hién c6 theo ciing mot phuong thiic nhu Mask
R-CNN [28] lam v6i Faster R-CNN [63], nhung khong can mot budc trung gian xac
dinh vi tri. D€ 1am dudc diéu nay, mo6 hinh chia nhd nhiém vu phic tap cia tic vu phan
doan thuc thé thanh hai nhanh xt ly nhiém vu don gidn hon, tién hanh song song véi
nhau. Hinh 2.8 truc quan héa kién triic mo hinh YOLACT dugc xay dung trén nén tang
RetinaNet [42] v6i backbone ResNet-101 + FPN.

Feature Pyramid Mask Coefficients Assembly

Prediction

Head ot

Prototypes

HiNH 2.8: Kién tric md hinh YOLACT [1]. Kién tric xay dung trén nén
tang RetinaNet [42] v6i backbone ResNet-101 + FPN. Cac khbi mau xam
1a nhiing khdi chiic ning khong dudc cap nhit trong qud trinh huén luyén.

M6 hinh CondlInst [71]

CondInst [71] c6 thé giai quyét bai toan phan doan thuc thé v6i mang tich chap day
da FCNs [67] trong khi loai bd viéc st dung md-dun xac dinh vung quan tdm ROI va
mo-dun ciin chinh dic trung (feature alignment). Néu nhu phan doan ngit nghia chi yéu
cu x4c dinh nhin ngit nghia cho tiing diém 4nh, thi phan doan thuc thé doi héi x4c dinh
thém diém 4nh d6 thudc vé thuc thé nao ton tai trong biic anh d6. Piéu ndy dan dén mot
thach thiic 16n cho tdc vu phan doan thuc thé st dung cac kién triic bottom-up nhu cac
md hinh FCNs [67]. Véi Condlnst [71], ¥ tudng tdng quat 1 st dung K dau ra phan doan
cho K thuc thé trong dnh dau vio mot cach linh hoat, vi mdi dau ra phan doan sé hoc
dic trung ctia riéng thuc thé ma dau ra d6 can du doan. Hinh 2.9 minh hoa tdng quan vé
mo hinh CondlInst v6i cdc nhanh dau ra phan doan chuyén biét cho tiing thuc thé trong

anh dau vao.
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HiNH 2.9: Kién triic m6 hinh CondlInst [71] véi cdc dau ra phan doan (mask
heads) chuyén biét cho tiing thuc thé ctia &nh dau vao.

Mo hinh Querylnst [17]

Querylnst [17] 1a mdt phuong phap tan dung cac tuong quan mdt-mdt ndi tai cia cac
truy van dbi tuong va cdc dic trung mit na gitfa cdc giai doan khac nhau. Phuong phap
nay cho phép loai bd céac tuong quan giita cdc mit na khong tuong dong gilia cdc giai
doan va giai quyét van dé phan phdi dic trung khong théng nhit khi ké thira cdc phuong
phép da giai doan khong st dung truy vAn. Querylnst [17] dudc cong bd 1a mdt trong
nhitng md hinh dau tién v6i huéng tiép cin dua trén truy van cho bai toan phin doan
thuc thé, dat hiéu ning tdt hon so véi mot sd cong trinh hai giai doan truée day khong
dua trén truy van va van gitt dudc tinh chat nhanh dic thu cia mo hinh mot giai doan.
Khi so sanh véi cac mo hinh nhu SOLO [78], CondInst [71], Cascade Mask R-CNN [2]
hay HTC [6], QueryInst [17] cho thiy do chinh x4c va tc do thuc thi vugt trdi hon dang
ké. Querylnst [17] dudc cong bd 1a mot trong nhitng mo hinh dau tién v6i hudng tiép
can dua trén truy van cho bai todn phan doan thuc thé, dat do chinh xac t6t hon so véi
mot sd cong trinh hai giai doan trudc diy khong dua trén truy van va van gitt dudc tinh
chit nhanh dic thii ctia md hinh mot giai doan.

M6 hinh SOLO [78]

SOLO [78] t4i dinh nghia phan doan thuc thé bang cach du dodn phan loai sau d6 tao

ra mit na ngli nghia. Phuong phép nay tan dung nhan ngit nghia dé€ x4c dinh vi tri trung
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tam cla thuc thé va phan chia viéc du dodn nhan mit na vao viéc hoc dic trung dong
(dynamic kernel learning). Theo d6, mit na nhan dau ra dudc tao thanh ma khong can
st dung khung bao. SOLO st dung cach thic dé& xip xi vi tri clia tAm thuc thé dé xac
dinh vi tri ctia ching théng qua tdm nay. Do d6, bang cach phén loai cac diém anh vao
cac nhém theo cdc tAm, md hinh da du doan dudc tam ctia chinh thuc thé d6 trong khong
gian dic trung. Diém quan trong & day 12 viéc chuyén d6i tic vu xéc dinh vi tri thanh bai
to4n phan loai 12 mdt tic vu don gian hon, dong thdi cling khdng can thém cac buéc hau
Xt Iy nhu gom cum hay nhiing dic trung (embedding). Hinh 2.10 thé hién kién tric tdng

quat cua md hinh SOLO-v1 [78] véi hai nhanh phan loai va phan doan ngti nghia

Category Branch LT 1]
(R~

»

Instance
Instance mask o
segmentation

Input image Mask Branch

HiNH 2.10: Kién tric mo hinh SOLO-v1 [78] v6i hai nhanh phan loai va
phan doan ngti nghia.

M6 hinh SOTR [23]

M6 hinh SOTR [23] ra ddi d€ cai thién hiéu qua viéc hoc thong tin dic trung vi tri
va tao ra ban dd phian doan ma khong st dung thém cac budc hau xi ly véi thong tin
khung bao. Hon nita, nhan thiy su 4nh hudng tich cuc ctia kién tric Transformer trong
cdc cong trinh thudc nhanh xi ly ngdn ngit tu nhién, SOTR [23] ciing tin dung kién triic
nay dé trich xuét thong tin toan cuc ctia 4nh va biéu dién cic dic trung phu thudc ngit
nghia xa (long-distance semantic dependencies). Diém chinh ctia kién tric Transformer
chinh 1a co ché Self-Attention, gitip trich xuét thong tin dic trung di kém véi thong tin
vi tri. Do d6, cac kién triic dua trén Transformer sé phan biét tot hon céac thuc thé khi thi
hanh tic vu phan doan thuc thé trén anh. Tuy nhién, cac kién tric Transformer ciing c6

diém yéu khi chua trich xuét t6t thong tin dic trung cip thap, khién cho céc thuc thé c6
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kich thudc nhd dé bi bé qua. Pong thdi, viéc tinh toan ciing yéu cau nhiéu tai nguyén
hon. Hinh 2.11 md hinh héa kién tric tdng thé cia md hinh SOTR [23] v6i hudng tiép

cin bottom-up va cac mod-dun tin dung di€m manh cia kién triic CNNs va Transformer.

Positional Embedding Transformer
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P2-P6 Feature Sequence/Block
: | P5

Multi-level Upsampling Module
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= - Reconstruction

— Kemel Head

-
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HiNH 2.11: Kién tric md hinh SOTR [23] véi cdc mo-dun tin dung diém
manh ctia kién tric CNNs va Transformer.

Mo hinh OSFormer [59]

OSFormer [59] cai tién kién tric Transformer [73] véi kha nang nhay bén hon trong
viéc tich hop thong tin vé vi tri va dé xuit thém mot mo-dun két hop tir tho-dén-min
(coarse-to-fine fusion) dé két hop thong tin ngit canh vdi thong tin dic trung trich xult
tf b0 ma hda va dic trung tif mang hoc sau. Md hinh OSFormer [59] dudc dé xuat véi
kién tric Transformer mdt giai doan dic thii cho phan doan thuc thé nguy trang. Md hinh
nay ducc huin luyén va cong bd két qua trén cac tip dit liéu chuin trong nghién ctu d6i
tugng nguy trang. Mot trong nhitng diém cong ctia mo hinh nay 1a qua trinh huin luyén
dién ra end-to-end, nghia 1a khong can thém céac budc chuyén ddi trung gian trong qua

trinh huén luyén. D€ tan dung tot cdc ggi y vé vi tri clia thuc thé nguy trang, OSFormer

instance-aware |
embeddings

Jauuoysueld],
Japoaus]
IOULIOJSUBT |,
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location-guided
queries

HiNH 2.12: Kién trdc md hinh OSFormer [59] véi khoi Transformer va hai
khéi chiic ning dugc dé xuat 1a DCIN va CFF.
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st dung mo-dun location-sensing transformer (LST) gdm mdt bd ma héa véi cac 16p tich
chap két hop (blend-convolution) d€ trich xuit thong tin dic trung da kich thuc va mot
bd gidi ma vdi cac truy van hudng vi tri (location-guided query) dé giai ma cac dic trung
nguy trang. Cudi cing, mot mo-dun két hop miit na coarse-to-fine fusion (CFF) dugc dé
xuét dé két hop dic trung & cac cip do tir don gian dén chi tiét gidp tao ra mit na phan
doan thuc thé chinh xdc hon. Hinh 2.12 thé hién kién tric téng quan cia mo hinh véi
khdi Transformer va hai khéi chifc ning dudc dé& xult 1a khéi chudn héa tich chap theo

thuc thé (DCIN) va CFF.,

2.2.3 Hudng tiép can st dung it dit liéu huan luyén

Phat hién doi tugng it dit liéu huén luyén. Khi c6 mot sé mau c6 sin cia cic 16p da
cho véi cac khung bao tuong ing ciia chiing, FSOD nham muc dich hoc tif nhitng dit liéu
han ché nay d€ gitip cdc mo hinh thich ing véi cac 16p méi. Cho dén nay, mot s6 cong
trinh [14, 32, 77, 84] da dudc dé xuit d€ giai quyét FSOD. Cac cong trinh so khdi [32,
84] chii yéu dua ra giai phdp d€ gidi quyét van dé khan hiém dit liéu ctia FSOD thong qua
cc phuong phép hoc bing cach két hop thong tin hé trg tir cac meta-data dé€ bS sung cho
qua trinh huén luyén. Cu thé, Bingyi [32] d& xuit mot md hinh danh trong s6 dic trung
(Feature Reweighting) tin dung phuong phap dé xuét tu do ctia mot md hinh mot giai
doan néi tiéng nhu YOLO [62] d€ nang cao hiéu sudt FSOD. Mang tich hop mdt siéu
mo hinh nham muc dich tao ra cic vector trong sb tif cac mau hd trg dé 1am ndi bat su
chi ¥ dén cic dic trung tit mang YOLO. Ngudc lai, Meta RCNN [84] dua trén phuong
phép dé xuét hai giai doan nhu Mask RCNN [28]. Fan va cong su [14] gan day dé xut
tan dung cac hinh anh hd trg tif mot tap dit liéu FSOD khong 16 d€ tao ra két qua dang
ké két hop v6i mang dudc dé xuit cta ho goi 1a Attention-RPN, C4c Bo Phat Hién Pa
Quan Hé (Multi-Relation Detectors). Attention-RPN chi din md hinh dudc huin luyén
d€ tap trung vao hinh anh cho tdc vu phat hién déi tugng. Khac biét hon, Wang va cong
su [77] don gian ap dung Faster RCNN vd&i hai giai doan tinh chinh dé chuyén giao kién
thic rong 16n tir dif liéu phong phi trong mé hinh co s¢ dé tinh chinh cai méi bang cach

dong bing toan bd mang, ngoai trit 16p két ndi day du cho phan loai dbi tuong. Thong
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qua co ché nay, md hinh nay cai thién hiéu suét it mau ddng ké ma khong can phiic tap
héa viéc huin luyén mo hinh. Hinh 2.13 trinh bay tdng quan céc khoi trong kién tric mo
hinh TFA, diy dudc xem nhu 1a md hinh co sé dé dé xuit nhiéu md hinh trong huéng
tiép can nay.

Stage I: Base training Stage |l: Few-shot fine-tuning

Fixed Feature
Extractor

RPN
l Box Classifier
Rol ROI Feat.
Backbone 1 {

Pooling Extractor

RPN |
Base Shots
1 Box Classifier (Few)
Rol ROI Feat. & 0
Backbone i =Ty

Pooling Extractor

Box Regressor
Base Images Novel Shots

(Abundant) (Few)

Box Regressor

HINH 2.13: Kién triic md hinh TFA [77] phét hién va phan doan thuc thé véi
hudng tiép can hoc it dit liéu (few-shot learning). Pay 12 mot trong nhiing
kién tric nén ting cho hudng tiép cin nay.

Phan doan nhi phan doi twong nguy trang. Trudc khi dién ra sy bung nd cla céc
kién tric mang no-ron hoc sau, hau hét cic cong trinh phan doan nhi phan ddi tudng
nguy trang déu dua trén cac dic trung thi cong (dic trung cap thip), dic biét 1a cac
loai dic trung lién quan dén hinh thai bén ngoai ctia di tugng nhu mau sic, hinh ding,
hudéng quay, hay do sang. Cac cong trinh dau tién trén dbi tuong nguy trang la phat hién
dbi tugng nguy trang trén viing nén cé dic trung tuong dong ([19, 83]). C4c cong trinh
nay phat hién dbi tuong thong qua cic dic trung vé mau sic, cudng do, do sang, hinh
dang, hay bién canh, hay goi chung la cic dic trung cAp thip. Mot s6 phuong phép [18,
29, 47, 57, 58, 85] dua trén dic trung cip thip hay dic trung thi cong di dudc dé xuit
dé€ xt ly bai todn phat hién dbi tuong nguy trang. Tuy nhién, cac phucng phap nay chi
hiéu qua véi cac anh c6 ving nén don gian. Cac loai dic trung cip thip dudc khai thac
bang céac thuit todn don gian, hay dua trén céc gid tri mau nén chua tin dung triét d&€ moi
tuong quan gitta cac loai dic trung nay va thuc th€ nguy trang. Do d6, dd chinh xéc cla
cac phuong phap nay khong 4n tuong khi phat hién hay phan doan dbéi tugng nguy trang
dugc dit trong cac anh ¢ ving nén phic tap.

Phan doan ngit nghia véi it dit liéu huén luyén. Gin day, bai toan phan doan sk
dung it mau di liéu da thu hit su chd y cia cong dong. Nhu di dé cap & trén, cong trinh
dau tién Meta RCNN bat ngudn tit Mask RCNN, do d6, Meta RCNN ddng thai thuc hién
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2 tac vu phat hién va phan doan. Liu va cong su [45] st dung mot mang tham chiéu chéo
cho phan doan hinh anh téng quat. Cac tdc gia dé xuat mot co ché tham chiéu chéo va
mot mo-dun tinh chinh mit na nhan dé ho trg cu thé cho nhiém vu phan doan. Trudc do,
Dong va cong su [11] d& xuit mot thanh phan hoc nguyén mau trong mot khung phan
doan ngit nghia hoc dé 14y thong tin phan biét tif cic diic trung dé gitip phan doan cic dbi
tugng tot hon. Ciing vay, Wang va cong su [75] gi6i thiéu mot phuong phdp cin chinh
nguyén mau hoc cac bi€u dién dic trung cu thé tif mot s6 it miu hinh anh dé thuc hién
phan doan trén cac hinh anh truy vin. Gan day, Liu va cdng su dé xuit mot mang tich
chap nguyén mau dong dé giai quyét van dé phan doan ngit nghia vé6i it mau. Cong trinh
ctia [65] dé xuAt hoc nguyén mau nhan thic bdi canh. [72] gidi thiéu phuong phap mo
hinh sinh cho nhiém vu nay. Gan dy, Nguyen va cong su [56] da dé xuat iFS-RCNN,
mot bd phan tach thuc thé thong qua mot phuong phép gia ting. Gao va cong su [21] dé
xuat khung DCFS, mot bo phan loai tach rdi hiéu qua ting cudng hiéu suit clia cac bd
phat hién va phan tich dbi tuong. Han va cong su [25] gdi ¥ mot khung dua trén bién
ddi tham chiéu hai 1an (RefT) dé nang cao céc dic trung trong cc nhiém vu phan doan.
Ciing trong phuong phdp bién ddi, Wang va cong su [74] gidi thiéu DTN dé truc tiép
phan tach céc thuc thé dbi tuong muc tiéu tif cac 16p tuy y cho trude cac hinh 4nh tham

chiéu. Nhin chung, cic phuong phdp da néu trén tip trung vao cac dbi tuong tong quat.

2.3 Céc hudng tiép can khai thac diic trung c6 tinh phan
biét cao

Trong luin vin nay, huéng tiép can khai thic dic trung c6 tinh phan biét cao ciia cac
thuc thé nguy trang dudc tién hanh thdng qua hai phuong phap chinh, d6 12 st dung dic

trung bién canh va st dung phudng phap hoc tuong phan.

2.3.1 Tang cuong dac trung bién canh

St dung dic trung thi cong. Ciing gibng véi da sd cc phuong phdp trong thi gidc

mdy tinh, tif ban dau, d€ giai quyét vAn dé phat hién bién canh, cong dong nghién ciu
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da dua vao cic ly thuyét toan hoc d€ 4p dung 1én cac ma trin mau ctia anh ma phat hién
bién canh. Chiing ta c6 thé tam chia thanh hai huéng tiép can 1a phat hién truc tiép va
phat hién gidn tiép. Phat hién truc tiép bién canh vat thé dua trén sy bién thién miic xdm
trén anh d6. Vi thé, cac ki thuat dua trén dao ham bac nhét nhu Gradient, hay dao ham
bac hai nhu Laplace. Pay 1a hai phuong thiic dién hinh nhét. V6i huéng phat hién gian
tiép bién canh, ching ta sit dung mdt budc dém phan ving anh. Viéc phan ving anh
gitip cho cdc phan clia biic anh dudc chia tach, va tai cdc bién clia nhiing phan viing nay,
chiing ta c6 dudc bién ctia dbi tuong. Céc ki thuat phan viing anh st dung phuong phap
gom cum nhu KMeans sé hitu dung trong trudng hop nay. Mot s6 phuong phap chiing ta
thudng nghe nhac dén nhu sit dung bd loc Sobel v6i ma tran cé gid tri phut hdp dé€ trich
xuat bién canh, hay thuat toan phat hién bién canh Canny, 12 nhitng c4i tén thudng ducc
nhac dén khi xit 1y bién canh st dung dic trung thii cong. Nhin chung, cic phuong phap
dua trén dic trung thii cong sé c6 wu diém nhat dinh vé thdi gian thuc thi, song do chinh
x4c bi han ché vi cdc yéu t& mau sic, chét liéu trén anh mau thudng phiic tap. Hon nita,
trong ludn vin nay chiing t6i hudng dén cac dbi tugng nguy trang, nhitng dbi tuong dic
thu nay sé 1am 16 1o yéu diém ctia cac phuong phap dua trén dic trung cip thap.

St dung dac trung hoc sdu. Céic phuong phép dua trén hoc siu thong thuong sé di
theo cAu tric st dung mot mang tich chap dé trich xuét dic trung cia anh dau vao. Cac
cai tién cho tac vu phat hién bién canh sé dugc dé xuét d€ cai tién kién tric mang nay
hoic thém vao cdc md-dun chuyén biét d€ hau xii 1i dic trung, tif d6 ting cudng kha ning
ctia md hinh hoc su trong viéc phat hién bién canh. Tiéu biéu cho cic phuong phap phat
hién bién canh véi kién tric mang hoc sau, c6 thé ké dén nhu HED - Holistically-Nested
Edge Detection [82] va COB — Convolutional Oriented Boundaries [50, 51]. Mot trong
nhiing thach thic v6i tdc vu huin luyén mo hinh phat hién bién canh chinh 1a cic tap di
liéu, chuing thudng gidi han & cac d6i tuong tdng quat va chua dugc nghién ciu dé xuat
cho cac trudng hop dic thu nhu dbi tuong nguy trang.

Phuong phap HED - Holistically-Nested Edge Detection [82].

HED [82] sit dung kién triic mang CNNs vdi da kich thudc trich xuat dic trung dé

hoc dic trung bién canh (Hinh 2.14). HED gidi quyét hai vin dé chinh: 1) hoc va du doan
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HiNH 2.14: Kién triic m6 hinh HED [82] phat hién bién canh vit thé.

mot cich toan dién dua trén kién tric mang tich chap day di FCNs [67] v6i tdc vu du
dodn 4nh-anh. Cu thé€, m6 hinh nhan 4nh dau vao va tra vé anh chida ban do6 bién canh; 2)
hoc cic dic trung dugc tdng hop & da kich thudc, 14y cam hing tif mang hoc siu c6 gidm
sat, st dung phuong phap gidm sat trén tiing 16p kién tric mang d€ hudéng din qua trinh
hoc. Hai dic diém nay tuy co ban nhung gitip HED du dodn bién canh vita chinh xéc vira
t6i wu chi phi thuc hién. M6 hinh nay dudc huin luyén véi tap dit liéu BSD500 [53] va
NYU Depth (NYUD)-v2 [68], ddy 1a hai tip dif liéu chudn vé phat hién bién canh trén
cac ddi tuong tdng quat. Vé kién triic mang CNN d€ rit trich dic trung, md hinh HED
tht nghiém véi nhiéu bién thé khac nhau dua trén kién tric CNN ctia mang VGG. Cac
kién tric bién thé cia mang FCNs [67] nhu FCN-2s, hay FCN-8s ciing dudc thi nghiém
cung véi cac két ndi tat (skip-connection) gitp ting cudng kha ning hoc hiéu cic dic
trung ciia mo hinh. Céc thi nghiém trén gidp tim ra phién ban tdi uu cho tic vu phat

hién bién canh cua cac doi tugng va tang do chinh xac duy doan cia mo hinh dé xuat. Mo
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hinh HED cubi cling 1a két qua dudc két hop tir cac dic trung rit trich tif nhiéu vi tri cta
kién tric mang, gom c6 cac dic trung phu (side output) va cc dic trung mang tinh toan
cuc dudc rit trich tai cac 16p cudi ctia kién tric.

Phuong phap COB - Convolutional Oriented Boundaries [50, 51].
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HINH 2.15: Kién triic m6 hinh COB [50] phat hién bién canh c¢6 huéng.

COB [50, 51] 12 mot kién triic mang CNNs end-to-end thiét ké d€ hoc cac dudng
bién canh c¢6 huéng & nhiéu kich thudc khac nhau (multiscale oriented contours), minh
hoa tai Hinh 2.15. COB c6 thé tan dung kién triic nén tang tif cic mo hinh CNNs cho do
chinh x4c cao d€ hoc du dodn bién canh, vi thé, ching ta c6 thé ap dung cic kién triic
khic nhau nhiam ting do chinh x4c ca tic vu phat hién bién canh. Nhém tic gia ciing
dé xuit phuong phédp bi€u dién bién canh thua (sparse boundary representation) dé xay
dung mot cach hiéu qua cic vung phan cip tir dic trung bién canh. Vé hiéu ning, COB
mét 0.8 gidy d€ du dodn bién canh trén mot anh va dat do chinh xac cao trén hai tap di
liéu cho phat hién bién canh 1a PASCAL [55] va BSDS [52]. Diém dot pha ciia COB la
kha niing khai thac thong tin vé hudng clia cdc dic trung trong qud trinh hoc, hon nita,
cdc thong tin vé hudng ctia dudng bién dudc hoc & nhiéu kich thudc khac nhau. Viéc két
hop thong tin dac trung hoc sau va thong tin ddc trung c6 hudng giup xac dinh dudong

bién canh ctia cic ddi tuong mot cach hidu qua.
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2.3.2 Phuong phap hoc tuong phan

Phuong phap hoc tuong phan la mét k§ thuat hoc sau khong giam sat véi muc tiéu
hoc c4ch biéu dién dif liéu sao cho cac thuc thé tuong dong duge gom lai gan nhau trong
khong gian dic trung, va tich xa cdc thuc thé khong tuong dong [8, 9, 27, 66]. Cac
nghién ctiu dugc cong bd véi hudng tiép can hoc tuong phan di ching minh tinh hiéu
qué trong nhiéu linh vyc nhu thi gidc may tinh hay xi Iy ngdn ngii tu nhién, cu thé hon
1a cc tdc vu nhu truy vAn anh (image retrieval), hoc v6i khong mau dit lidu (zero-shot
learning) hay truy vin da phuong thiic (cross-modal retrieval). Trong c4c tic vu nay, cic
biéu dién dic trung dugc hoc c6 thé dude st dung cho céc tic vu con khic nhu phan loai

hay gom cum.

Negative

Anchor LEARNING
Negative
@

Anchor .
Positive Positive

HiNH 2.16: Truc quan héa huéng tiép can hoc tuong phan vdi cac mau biéu

dién Positive, Negative, va Anchor. Qua4 trinh hoc tuong phan sé tim cach

thu hep khoang cach gitta cac diém biéu dién Positive va Anchor, trong khi
day xa khoang cach gitta cac di€m bi€u dién Negative va Anchor.

Hinh 2.16 mo té truc quan phuong phép hoc tuong phan. Cu thé, qua trinh hoc tuong
phan sé tim cach thu hep khodng cach gitta cdc diém bi€u dién Positive va Anchor, trong
khi ddy xa khodng céch giita cdc diém biéu dién Negative va Anchor. Mot s6 phuong
phdp dién hinh trong huéng tiép cin hoc tuong phan 13 Him mat mat ba thanh phan
(Triplet Loss) [66] hay B nhé Iuu trit (Memory Bank) [8]. Gan day, hoc tuong phan con
dugc ap dung & cap do token, cip do ngit nghia nhd hon clia cac biéu dién dic trung,
nham ting cudng kha niang phan biét cia md hinh véi cac mau biéu dién néi trén, don ci
12 phuong phap ToCo [64]. Trong dé tai nay, chiing t6i dua trén hudng tiép can cta hai
phuong phap dién hinh trong hoc tuong phan dé thuc hién dé xuit ctia chiing t6i trong

viéc céi thién tidc vu phan doan thuc thé nguy trang.
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2.4 Cac tap dit liéu chuin ve thuc thé nguy trang

Trong phan nay, ching toi trinh by khao sit tdng quan vé céc tap dif liéu phuc vu
nghién ciu trén ddi tuong nguy trang. Céc tap dit lidu dudc khéo st tif cac cong bd tir
céac hoi nghi, tap chi c6 uy tin trong nganh. Cu thé, chiing tdi da thuc hién khao sét trén
cac tap du liéu: CamouflagedAnimals [60], MoCA [35], CHAMELEON [69], COD10K
[12], NC4K [49], CAMO [38], va CAMO++ [36] D€ ¢6 cai nhin bao quat, sau khi phan
tich cac sd liéu, chiing t6i cung cp thong tin tai Bang 2.1, gitp ngudi doc ndm dudc cac

thong tin theo cac thudc tinh can thiét.

BANG 2.1: Théng ké mot sb tap dit liéu vé thuc thé nguy trang (chi xét dit
liéu 4nh/video chifa thuc thé nguy trang).

Tap dir liéu Nam | Hoi nghi | Loai #Gdn nhan ”#Lﬁp ’#L('lp #Thl-rc th hoiic Nhan 1~\Ih5n . Nhan - | Few-shot
¢ ; ; : " | nguy trang | tong quat | doi tugng | #D0i twgng trén anh | khung bao | ngit nghia | thuc the
CamouflagedAnimals [60] | 2016 | ECCV | Video 181 - 6 1.238 X v v X
MoCA [35] 2020 | ACCV | Video 7,617 - 67 1.000 v X X X
CHAMELEON [69] 2018 - Anh 76 - - 1.000 X v X X
CAMO [38] 2019 CVIU Anh 1,250 2 8 1.000 X v X X
COD [12] 2020 | CVPR Anh 5,066 5 69 1.171 v v v X
NC4K [49] 2021 CVPR Anh 4,121 5 69 1.171 v v v X
CAMO++ [36] 2022 TIP Anh 2,695 10 47 1.171 v v v X
CAMO-FS 2023 - Anh 2,858 10 47 1.172 v v v v

CamouflagedAnimals [60]. CamouflagedAnimals [60] la mot trong nhiing tap di
liéu dau tién dudc cong bd d€ phuc vu bai toan phan doan thuc thé nguy trang. Cong
trinh ndy dinh nghia thuc thé nguy trang 1a cdc thuc thé "kh6 dudc phat hién chi v6i mot
khung hinh", vi thé can su hd trg tif cdc khung hinh 14n cin d€ ting cudng cho mo hinh.
CamouflagedAnimals [60] gdbm 09 video ngan trich tit 04 video! diing tai tai YouTube,
mdi video dudc trich xuit mot s6 luong khung hinh nhit dinh, tiy theo vi tri ma dbi
tuong nguy trang dudc nhom tdc gia chon dé€ gan nhan. Cu thé, cti moi 5 khung hinh, thi
4nh sé dudc gan nhin phan doan. Bén canh tic vu phan doan dbi tuong nguy trang, tip
di liéu nay dong thdi ciing phuc vu tac vu phan doan hanh dong (motion segmentation).
Pay 13 dudng din dén cac video dudgc tip dif liéu nay st dung, nhém tac gia truy cip vao
thang 3 nam 2015.

MoCA [35]. MoCA [35] dugc cong bd vao niam 2020 12 mot tap dif liéu da dang
vé thuc thé nguy trang®. MoCA [35] gdm c6 141 video véi tdng cong 37K khung hinh,

'Puong din: youtu.be/{ WcSwMXG6IFZ8, yoG1P4newO4, GnEkBJInS_FU, adufPBDNCKo}
Zhttps://www.robots.ox.ac.uk/vgg/data/MoCA/
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dugc cong bd 1a tap dit liéu 16n nhét vé video ddi tugng nguy trang tai thoi diém ra mit.
Céc d6i tugng nguy trang dudc chia thanh 67 16p ngit nghia dudc gan nhian khung bao
va nhin hanh dong (optical flow). Hinh 2.17 chtia mdt s6 hinh anh trich tir tap di liéu
MoCA [35] véi nhan khung bao va optical flow. Ciing giéng nhu Camouflaged Animals

[60], cac khung hinh trich tif video dugc gdn nhan mdi 5 khung hinh mot 1an.

HINH 2.17: M6t s6 hinh anh trich tif tap dit liéu MoCA [35] véi nhin khung
bao va optical flow.

CHAMELEON [69]. CHAMELEON [69] 1a mdt trong nhiing tip dif liéu dau tién
phuc vu cho nghién ctu trén dbi tuong nguy trang. Tap dit liéu nay dugc mot nhém sinh
vién tai Pai hoc Ky thuat Silesian, Ba Lan thu thap va thuc hién gan nhan thu cong.
Céc hinh anh cia tap dit liéu nay dudc 14y tir Internet, st dung tit khéa "camouflaged
animals" va tim kiém v&i cong cu tim kiém Google. Céc hinh 4nh dudc lua chon vé6i miic
do nguy trang khac nhau, tif ¢6 thé€ nhan biét dén miic d6 gan nhu khong thé nhin thiy
bang mat thudng. Cubi cung, tap dif liéu gdm c6 76 hinh 4nh, dai dién cho cic dbi tugng
nguy trang, dudc cong bd. S6 lugng nay 13 han ché khi dung dé huin luyén cidc mo hinh
hoc sau. Tuy vy, day 1a mot trong nhitng cong trinh dau tién phuc vu dic thu cho nhanh
nghién cifu niy. Nhin cta tap dit liéu nay ciing tuong dbi tho so, dudc chi dinh véi cac

mtc d6 nhu CO - ving nén khong dudc gan nhin, C1 - ving nén dudc gan nhin, C2 -
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viing vat thé dudc gan nhan, va C3 - viing vat thé khong ducc gan nhian. Cho dén hién
tai, trang chui ctia tip dif liéu nay van c6 thé dudc truy cép tai ddy 3, tuy nhién, di liéu

truy cap khong con dugc dam.

caterpillar

Out-of-View ig Objec Small Object Shape Complexity Occlusion Multi Objects

HINH 2.18: Mdt sb hinh 4nh nguy trang trich tit tap di lieu COD10K [12]

v6i nhan phan doan thyc thé. COD10K chiing minh tinh da dang véi nhiéu

diéu kién xult hién thuc thé nguy trang khac nhau nhu bi che khuit (OC),
nhiéu thuc thé (MO), thuc thé nhiéu kich thudc khac nhau (BO)

COD10K [12]. CODI10K [12] 1a mdt tap di li€u 16n v6i khoang 10K anh nguy trang
va khong nguy trang, dugc chia thanh 5 nhom ngtt nghia 16n. 5 nhém ngtt nghia nay bao
gdm 69 16p dbi tuong nguy trang. TAt ca anh cia COD10K dudc phén loai theo ciu triic
tht bac (hierarchical) va gan nhian phan loai, khung bao, va nhin phan doan & cip do
ddi tugng va cip do thuc thé. Vi thé, COD10K c6 thé phuc vu tét cho céc tic vu thi gidc
mdy tinh lién quan dén nghién cifu ddi tuong nguy trang. Theo cong bd ctia nhém tic
gia, trung binh mét khoang 60 phiit d€ gdn nhan cac thuc thé nguy trang cho mdi 4nh tiy
theo mtic d6 khé. Cac nhin chét lugng t6t nay gitip nghién cifu vé thuc thé nguy trang
c6 thém dit liéu dé thuc nghiém cac mo hinh va dé xuit mdi. Hinh 2.18 minh hoa mdt sb
hinh 4nh trich tif tip COD10K, dé thay ring nhiing hinh dnh nay c6 thé 1am khoé ngay ca
d6i mat ctia chiing ta.

NC4K [49]. Nhém tic gia cia NC4K [49] chi ra rang, cdc tap di liéu 16n nhu
CODI10K [12] tuy c6 nhiéu dif liéu huin luyén nhung lai thiéu hut di liéu cho qua
trinh kiém tra, cu thé, COD10K chi c6 khodng 300 &nh dugc st dung cho qud trinh ki€m
tra. Vi thé, NC4K ra doi nhu mot tap dit liéu phuc vu muc dich kiém tra. Tap dif liéu nay
chita 4,121 anh nguy trang dugc thu thap tir Internet va gan nhin phan doan thuc thé.
Céc phan 16p ngit nghia cia NC4K phu hop d€ sit dung cung véi COD10K, do d6, céc

3https://www.polsl.pl/rau6/chameleon-database-animal-camouflage-analysis/
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dit liéu da huén luyén trén COD10K c6 thé ding NC4K d¢€ tién hanh kiém tra do chinh

Xac.

Person — Body Painting J Person — Body Painting

HINH 2.19: Mt s6 hinh anh nguy trang trich tir tap dit lieu CAMO++ [36].

CAMO [38] va CAMO++ [36]. Le va cdc cong su [38] dé xut tap dit liéu CAMO
v6i hon 1,250 hinh anh dudc gan nhan chi tiét cho tdc vu phan doan ngif nghia dbi
tugng nguy trang. Sau d6, CAMO++ [36] dudc nhém téc gid cong bd, ké thira tit CAMO
nhung chi tiét hon va dudc gan nhan & cip do thuc thé. Sau khi cai tién CAMO, tap dit
liéu CAMO++ bao géom 5,500 hinh dnh va c6 wu thé hon cac tip dit liéu khic vé sb
luong thuc thé 1én dén 32,756 thuc thé cho ca cdc dbi tuong nguy trang va khong nguy
trang. Xét vé sb 16p ddi tuong, CAMO++ chiia 93 16p ddi tuong dudc chia thanh 10 16p
ngit nghia 16n. Hinh 2.19 cung cAp mdt sb hinh 4nh trich tii tap dit lieu CAMO++ [36].

Trong cong trinh ndy, ching t6i nhan thay cac tap dit liéu CAMO++ [36], COD10K
[12], va NC4K [49] c6 miic do da dang, d6 khé va quy mo phi hop d€ huin luyén va
ki€m tra mot mo hinh hoc sau phan doan thuc thé nguy trang. Vi vay, ching t6i st dung

ba tap dit liéu nay dé thuc nghiém chiing minh dé chinh x4c ctia cic md hinh dé xuét.

2.5 Tam két

V6i céc ndi dung da trinh bay trong phan ndy, ching to6i di mang lai cdi nhin téng

quat vé cdc cong trinh c6 lién quan dé gidp ngudi doc tiép cin bai todn ma chiing tdi
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nghién ciu trong luan vin nay. Chiing t6i trinh bay cdc cong trinh, cic kién thiic c6 lién
quan tuong tng véi tiing dong gép, dé xuat cia chiing tdi cho bai toan phan doan thuc
thé nguy trang véi hudng tiép can khai thac hiéu qua céc dic trung c6 tinh phan biét cao.
Cu thé, chiing t6i da trinh by cdc m6 hinh tiéu biéu cho cdc hudng tiép can gidi quyét
bai todn phan doan thuc thé nguy trang: hudng tiép cén hai giai doan [2, 5, 6, 28, 30, 33,
44, 48], hudng tiép can mdt giai doan [1, 23, 59, 71, 78]. Hudng tiép can st dung it dit
liéu [11, 21, 25, 45, 56, 65, 72, 74] dudc trinh bay nhu mot phuong phép gitip gidi quyét
bai todn phan doan trong ngi canh thiéu dit lidu dic thu clia cac nghién ciu trén thuc thé
nguy trang. C4c cong trinh ndy dudc ding 1am tham chiéu so sanh do chinh xc ctia md
hinh chiing t6i dé xuét trong cdc phan tiép theo. D& khai thc diic trung bién canh, ching
t6i khdo da khao sat cac cong trinh [50, 51, 82] dé 1am co s dé xuit phuong phép ting
cuong dic trung bién canh cda chiing t6i. Cudi cuing, véi cic thong tin thu dudc tir viéc
khao sat cac tap dit liu dac thu [12, 35, 36, 38, 49, 60, 69], chung t6i chon ra CAMO++
[36], COD10K [12], va NC4K [49] dé d4nh gid va so sanh hiéu suit cac mo hinh phan

doan thuc thé nguy trang.
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Chuong 3

Mo hinh CE-OST Kkhai thac dac

trung vung bién canh

3.1 Tong quan

Trong phan ndy, chiing t6i trinh bay chi tiét dé xuit dé gidi quyét bai toan phan doan
thuc thé nguy trang dua trén khai thac dac trung phan biét tai vung bién canh cua
cac thuc thé nguy trang. Co ché 4n minh ciia cic loai dong vat nguy trang nhim hoa
nhap két ciu va mau sic clia ching v6i moi trudng xung quanh. Do d6, thi gidc clia con
ngudi khong thé nhan ra nhiing thuc thé d6 khi chi nhin thoang qua. Tuy nhién, nhiing
ranh giGi cla cac loai dong vat nguy trang khé c6 thé bién mat hay hoa 1an hoan toan
v6i mdi trudng. Trong cong trinh nay, ching toi d& xuAt mot phuong phap dé ting cudng
dic trung bién canh cia thuc thé nguy trang véi muc dich hd trd cic md hinh phan doan
dé€ thuc hién tot tic vu phan doan cic thuc thé nay.

LAy cam hung tlf cic cong trinh phat hién bién canh vat thé gan day [3, 50, 51, 82],
chiing t6i dé xuit mot phuong phép ting cudng dic trung bién canh clia cic thuc thé
nguy trang trong anh d&€ mo hinh phin doan c6 thé phan biét tot hon cic thuc thé nay véi
viing nén. V¢ kién triic mo6 hinh phan doan thuc thé, ching to6i nhan thiy ring cic cong
trinh gan day trong linh vuc thi gidc may tinh da dat dugc nhiing thanh tuu bing nd dang
ké vé do chinh x4c ké tir su xuét hién cta cong trinh [73] vé kién tric Transformer. V&i

co ché Attention day hia hen cho cac tdc vu thudc nhiéu linh vuc, cic cong trinh [24,
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34] da ap dung va dat dugc két qua cao trong linh vuc thi gidc mdy tinh. Cu thé hon, khi
ap dung kién triic Transformer cho cdc mo hinh phan doan thuc thé, do chinh xac khi
du doan tic vu nay ciing dudc cai thién [16, 39, 59, 87]. Dua trén hai yéu t6 nay, ching
toi tién hanh khao sat va trién khai cac thuc nghiém va cudi cung dua ra dé xuit vé kién
triic cia mo hinh phan doan thuc thé nguy trang véi hudng tiép can khai thac hiéu qua
dic trung bién canh dugc trinh bay trong phan nay.

Téng hop lai, chiing t6i dé xuit mo hinh CE-OST (Contour Emphasis for One-
Stage Transformer-based Camouflage Instance Segmentation) v6i mo-dun tang cuong
dic trung bién canh cho thuc th€ nguy trang. CE-OST 12 m6 hinh mdt giai doan dua
trén kién tric Transformer [59], vi thé, ching tdi tin dung dudc nhiing kha ning sin c6
ctia mot mo hinh Transformer dién hinh nhu d6 chinh xac cao va tbc do du doan nhanh.
Dé chiing minh phuong phdp ctia ching t6i hoat dong tot, ching tdi tién hanh cac thuc
nghiém trén ba tap dit liéu chudn va phé bién trong linh vuc nghién citu trén thuc thé
nguy trang, d6 1a CAMO++ [36], COD10K [12], va NC4K [49]. Két qua bdo cdo cho
thdy do chinh x4c ctia phuong phap chiing t6i dé xuét cai thién hon so véi cdc phuong

phép tién tién hién tai.

3.2 Mo hinh Transformer mot giai doan CE-OST

3.2.1 Gigi thiéu m6 hinh

M0 hinh dé xuit ctia chuing t6i Contour Emphasis for One-Stage Transformer-based
Camouflage Instance Segmentation, viét tat 1a CE-OST, dudc minh hoa trong Hinh 3.1.
CE-OST c6 hai khdi chinh: Khéi ting cudng dic trung bién canh (Contour Emphasis
Block -CEB) va Khdi Transformer (-TB). Mot anh chiia thuc thé nguy trang dau vio can
di qua hai khédi nay tru6c khi gip mo-dun hop nhit (Fusion Module) & phan cudi ctia mo
hinh d€ tra vé mit na phan doan & cip do thuc thé. Khdi ting cudng dic trung bién canh
CEB ctia ching t6i c6 thé dugc thiét ké véi co ché plug-and-play, do d6, né c6 thé dé
dang dudc két hop véi cac md hinh khic can dén dic trung ting cudng cla bién canh.

Pau tién, anh di qua khdi CEB nay dudc ting cudng viing bién canh dé€ cac thuc thé ¢
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trong anh tré nén rd rang, 1am ndi bat vung vat thé va vung nén. Sau d6, anh dudc ting
cudng ndy tiép tuc hanh trinh cia n6 d€ thuc hién qua trinh trich xuat dic trung thong
qua mdt bd trich xuét dic trung hoc sau trude khi dua vao khdi Transformer. Cac dic
trung dudc trich xuat di qua khoi Transformer dé thuc hién cdc giai doan du doan mit

na phan doan thuc thé. Chi tiét cic mo-dun dudc giai thich cu thé trong phan sau.

1
Transformer Block Instance-aware CFF “;t:,s;zre

E DCIN l

¢

Dolphin

Feature grids Flattening

Output Contour

Multi-scale
Ground-truth

7 4
Loss Computation v

-~ Contour Emphasis Block

HINH 3.1: Tong quan md hinh CE-OST (Contour Emphasis for One-Stage

Transformer-based Camouflage Instance Segmentation) phan doan thuc thé

nguy trang dua trén kién triic Transformer mot giai doan c6 ting cudng dic
trung bién canh.

3.2.2 Khéi ting cuong dic trung bién canh

Bién canh déng vai trd quan trong trong viéc hd trg thi gidc clia chiing ta nhan biét
hinh dang toan bd ctia mot thuc thé hoic dbi tuong bat ky. Hon nia, diic trung nay cang
trd nén quan trong hon ddi véi cic thuc thé nguy trang, khi ma cac thuc thé nay cd
gang 4n minh thong qua viéc hoa 1an mau sic, chit liéu cla cd thé v6i moi trudng xung
quanh. Céc cong trinh truc day vé phat hién bién canh dua trén dic trung thi cong nhu
phuong phap Canny Edge Detection dén céac cong trinh d4p dung cdc phuong phdp siu
nhu Hollistically Edge Detection - HED [82], hodac Convolutional Oriented Boundaries

- COB [50, 51] da dat dugc do chinh xdc ndi bat vé phat hién bién canh. Trong cong
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trinh nay, ching to6i d& xudt mot phuong phép ting cudng dic trung bién canh thuc thé
dé ting cudng cac dic trung thi gidc cla cac thuc thé nguy trang nham cai thién mo hinh
phan doan. Trong Hinh 3.1, ching t6i gidi thiéu khdi ting cudng dic trung bién canh
Contour Emphasis (CE) c6 nhiém vu hop nhét bién canh véi dnh gbc d€ ting cudng kha
ning nhan dién bang thi gidc.

Xuét phét tlf y tuéng cia HED [82], ching toi st dung mdt mang tich chip nhiéu
tang vdi céc ti 1& khong gian khac nhau, st dung backbone VGG-16 dugc huin luyén
san dé phat hién bién canh ctia thuc thé. Pau tién, toan b khdi CE dudc huin luyén trén
mot tap dit liéu phat hién bién canh, goi 12 tap dit liéu BSDS500 [53]. C4c ham mat mat
dudc tinh toan & nhiéu ty 1 st dung Cross-Entropy d€ tinh toan mat mat theo tiing diém
4nh va dudgc tong hop thainh mot ham mét mat tdng. PE giam chi phi gan nhin bién canh,
chiing t6i st dung mo hinh da huin luyén sin dé du do4n bién canh clia 4nh chifa thuc
thé nguy trang. Cdc dudng bién canh sau d6 dudc thém vao céac dnh gbc d€ ting cudng
kha niing nhan dién bing thi gidc cta chiing.

Giai doan huén luyén. Dit liéu huin luyén diu vao dugc ki hidu 12 S = {(X,,,Y,),n =
1,...,N}, v6i mdi mau X, = {xg.”),j =1,...,|X,|} 1a 4nh dau vao nguyén ban, va Y, =
(4", j=1.....1%[}.»\" € {0,1} 1a nhan nhi phan thé hién bén dd nhin bién canh ciia
4nh X,,. Chiing toi bd qua chi s6 n d€ don gian héa cac ky hiéu vi mdi anh dudc xem xét
mot cach doc 1ap. Cac tham s ctia mbi 16p trong mang dugc ki hiéu 1a W. Gia st ching
ta c6 M 16p dau ra phu trong mang (side-output layers). Mdi 16p dau ra phu nay dudc
gén vao mot bd phén 16p véi trong sb ctia mbi bo duoc ki hiéu la w = (wl) ... wM)),

Khi d6, hAm méit mat 13 Cong thiic 3.1 sau day:
SIS
Lige(W.w) =Y ol (W w™), 3.1)
m=1

V6i £gge 12 hAm mat mat & cAp do anh clia cac dau ra phu. Trong qud trinh huin luyén,

ham mit mét dugc tinh trén tit ca cdc diém dnh cta dnh dau vao X = (xj,j = 1,...,|X|)

va anh nhén bién canh ¥ = (y;,j = 1,...,]X]),y; € {0,1}. V&i mot tam anh ty nhién,

phan bd clia cac diém anh dai dién cho viing bién canh va khong bién canh thudng chénh

léch 16n: khoang 90% s diém anh 13 viing khong thudc bién canh [82]. Mot ham mét
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mat da dugc dé xuat [31] v6i tham sb riéng dudc thém vao dé giai quyét vin dé nay. Ham
méat mat nay dudc dinh nghia 12 "cost-sensitive loss" (nhay cam véi chi phi).

Thay vi st dung ham mat mat méi, ching toi sit dung mot chién luge don gian hon dé
can bang tu dong su mat mat giita cdc 16p bién va khong bién canh. Ching tdi sit dung
mot trong s6 can bing 16p (class-balancing weight) B trén mdi diém anh. Chi s6 j dudc
ki hiéu trén chiéu khong gian ctia anh X. Sau d6, ching t6i st dung trong sb can bing
16p B nay nhu mdt cach don gian dé bu dap su mit can bang giiia cdc 16p bién va khong
bién canh. Cu thé, ching t6i dinh nghia ham mit mat Cross-Entropy cdn bing 16p sau

day dudc st dung trong Cong thuc 3.1.

ﬁiﬁl(w,w(’”)) =B Y logPr(y; = 1|X;W,w™)
JEYy
—(1-p) ), logPr(yj:0|X;W,W(m)) (3.2)

jey-
voi B =1|Y_|/|Y],val—B =|Yy|/|Y|. |Y-| va|Y4| ki hiéu tAp nhan bién canh va khong
bién canh. Pr(y; = 1|X; W,w(")) = G(aﬁm)) € [0,1] dugc tinh véi cong thiic Sigmoid
o(.) trén gid tri ham kich hoat tai diém &nh j. Tai méi 16p dau ra phy, ching tdi thu dugc
du dodn bien canh 77 = o(A%)), voi AU = {a'™, j=1,...,|¥|} 1a gid tri ham kich
hoat tai 16p dau ra phu m.

P& sit dung truc tiép gia tri du doan tai cac dau ra phu, chiing toi st dung thém mot
16p két hop trong sb (weighted-fusion) va dong thdi hoc trong s6 két hop trong subt qua
trinh huén luyén. Do d6, ham mét mat cudi cuing tai 16p két hop L tré thanh Cong
thuc 3.3.

Zruse(W,w,h) = Dist(Y, Frue) (3.3)

trong d6, Y = o (XM, hmﬁﬁfﬁi) v6i h = (hy,...,hy) 1a trong sb két hop. Dist(-,-) 1a
khodng céch gitta ban d6 bién dudc du dodn va nhan, dudc ching tdi sif dung ham mét
mét Cross-Entropy d€ tinh toan. Cubi cling, muc tiéu clia mo-dun khai thac dic trung

bién canh 1a t6i thi€u héa ham mat mat tai Cong thiic 3.4 thong qua qua trinh lan truyén
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ngudc st dung Stochastic Gradient Descent (SGD):
(W, w,h)* = argmin(Zige (W, W) + Zuse (W, W, h)) (3.4

Giai doan kiém thir. Trong giai doan kiém thi, cho anh X, chiing t6i thu dugc ban
dd bién canh du dodn tif cac dau ra phu va 16p trong s6 két hop nhu Cong thic 3.5:

. p M)

side

(quse’ Y(l)

side’

) = CNN(X, (W,w,h)”), (3.5)

v6i CNN(-) 1a ban d6 bién canh du dodn béi kién triic mang. Dau ra bién canh cudi cliing
thu dugc sau khi két hop cdc ban do bién canh du dodn lai v6i nhau nhu trinh bay tai
Cong thuc 3.6.

Yuep = Average (Yiyse. plu f/%)) (3.6)

side’ S

Lui diéu kién (Grid-Condition). Sau khi thu dudc bién canh céia anh nguy trang
dau vao, chiing t6i can két hop né véi anh dau vao dé cho ra anh dudc ting cudng bién
canh thuc thé nguy trang. Theo d6, c6 nhiéu céch thiic d€ thuc hién két hop bién canh vao
4nh gbc. Do d6, chiing tdi Iva chon theo kinh nghiém hai phuong phap, 1a Twong phdn
mau sdc (Color Contrast) (1) va Cong dé sdng (Brightness Addition (2). Trong phuong
phap Cong do sang, ching tdi truc tiép cong két qua bién canh vao anh gbc (cong gia
tri theo ting diém &nh). Trong phuong phdp Tuong phan mau sac, ching tdi thuc hién
cong trén gia tri phan bu ctia diém 4nh tai vi tri tiing diém 4nh tuong dng. Trong Hinh
3.4, chiing ta c6 thé so sanh su khac biét vé mit thi gidc gilta hai phuong phap hop nhét
bién canh dudc dé xuét. Co thé thdy, mo-dun phat hién bién canh c6 thé thit bai trong
cac trudng hop anh qué phiic tap, khién két qua bi nhiéu hon khi két hop vé6i anh goc.
Pé khic phuc mdt sd trusng hop kho (intense cases) khi két cau ctia anh qud phiic tap,
chiing tdi dé xut mot ky thuat don gian goi 1a Ludi diéu kién - Grid Condition (Hinh
3.2). Trong trudng hop nay, chiing tdi 4p dung mdt luéi kich thude 5 x 5 cho méi anh va
quyét dinh khong 4p dung hop nhét bién canh vé6i anh d6 néu sb 6 1u6i vi pham diéu kién
qua mot nifa (tuong duong véi khoang 12 6 1udi). Diéu kién d&€ mot 6 1udi bi loai bd néu

s6 diém 4nh trong khu vuc bién dugc phat hién chiém qua mot ntia dién tich ctia 6 luéi
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No
No
Contour Fusion

HiNH 3.2: So dd minh hoa hoat dong ctia Lu6i diéu kién (Grid-Condition)
trong mo-dun Tang cuong dac trung bién canh (Contour Emphasis).

d6. Pé xuit nay c6 thé thich ing véi moi kich thudc &nh cia tap dit liéu nguy trang. Nho
vao Ludi diéu kién, chiing tdi c6 thé dua ra quyét dinh c6 hoiic khong ap dung bién canh
d€ ting cudng nhan biét thuc thé nguy trang. Tir d6, md hinh c6 thé loai trit dudgc nhiing
trudng hop thét bai trong viéc phat hién bién canh, anh hudng tiéu cuc dén do chinh xac

phan doan cudi cung cia md hinh dé xuat.

3.2.3 Khéi Transformer phan doan thue thé nguy trang

B trich xuét dic trung - Feature Extractor. Cho truéc mot anh du vao I € R
H x W x 3, chiing t6i st dung mot mang no-ron hoc sau d€ trich xuat diic trung tai cic
kich thudc khac nhau C,_s. Pau vao cho khéi Transformer dudc 1am phang (flatten) véi
cac dic trung C3_s trong khi dic trung C> dudc dua truc tiép vao mo-dun két hop & giai
doan tiép theo nham b3 sung dic trung nhu mot két ndi tat (skip connection). Chi tiét vé
cac kién triic md hinh co sé (backbone) dudc trinh bay thong qua thuc nghiém loai suy
& Phan 3.3.

Mo hinh phén doan thuc thé dua trén kién tric Transformer. Ching t6i st dung
céu tric cia md hinh Ma héa-Giai ma [59, 73] dua trén Transformer vi cic cong trinh
trudc d6 vé Transformer da chiing minh hiéu qua cla cac 16p Self-Attention trong viéc
trich xuit thong tin toan cuc ctia hinh dnh. Trong kién triic ndy, chiing toi tp trung vao
x4c dinh chinh x4c vi tri cla thuc thé, day 1a mdt vin dé quan trong hang dau trong tac
vu phan doan thuc thé. Pang chi y rang, dau vao cta khdi Transformer nay trong kién
tric ctia chung tdi 14 dic trung dudc tong hdp véi nhiéu ty 1& khac nhau, so véi viéc st

dung mot ty 1& cb dinh nhu mo6 hinh DETR [4].
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Kién triic Location-sensing Transformer. Mic du kién tric Transformer c6 thé
trich xuét tot dic trung toAn cuc nhd vao cac 16p self-attention, mo hinh van can mot
lugng 16n mau huin luyén véi chi phi tinh todn cao. Tuy nhién, bai todn nghién ctu trén
thuc thé nguy trang thudng c6 s6 lugng mau huin luyén it, muc tiéu ctia ching toi 1a st
dung mot kién triic hiéu qua c6 thé hoi tu nhanh va dat dudc do chinh xic cao.

B0 ma héa LST. Khong giéng nhu DETR [4] véi mot kich thudc dic trung cip thap
duy nhit & bd ma héa, kién triic bd ma héa LST ma ching tdi st dung c6 thé nhan da kich
thudc dic trung X, d€ 1am giau thong tin. Hoc hoi tir 16p deformable self-attention [89)]
v6i kha niang nam bat thong tin cuc bo va ting cudng lién két gilta cac cum (token) lan
can, chiing toi st dung todn ti tich chap két hop, goi 1a blend-convolution feed-forward
network (BC-FFN). Pau tién, vector dic trung dudc tdi tao tif chiéu khong gian (spatial
dimension) phu thudc vao kich thude Ci. Sau d6 12 mot 16p tich chap 3 x 3. Cudi cing
12 16p chuén héa theo nhém group normalization (GN) va ham kich hoat GELU. Sau
16p tich chap 3 x 3, dic trung dudc dudi thang (flatten). Mang BC-FFN khong chia cac
thanh phan MLP va két n6i du so véi cic kién triic phiic tap khéc.

Véi dic trung dau vao Xj,, qua trinh xi ly qua mang BC-FFN biéu dién nhu Cong
thuc 3.7 sau:

X/ = Conv®(GELU(GN(Conv?*(X;)))), (3.7)

v6i Comv® 12 tich chap 3 x 3. L6p ma héa LST dudc md ta nhu Cong thiic 3.8 sau:
X, = BC-FEN(LN((X,, + P,,) + MDAttn(X,, + Pn))). (3.8)

véi P, 1a ma hoéa vi tri (positional encodings). MDAttn va LN la Multi-head Deformable
Self-attention va I6p chuin hoa.

Bo giai ma LST. Bo giai ma LST dung d€ giai ma véi cac diic trung toan cuc dugc tao
ra bdi bd ma héa LST va cic truy van theo vi tri dé tao ra c4c dic trung nhan biét thuc thé.
Ma héa vi tri khong gian ciing dugc thém vao cic truy vén theo vi tri Q7 va bd nhé ma
héa X,. Sau d6, chiing dudc két hop bsi 16p deformable cross-attention. Khac véi bo giai

ma bién ddi thong thudng, chiing toi st dung truc tiép 16p deformable cross-attention ma
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khong can self-attention vi c4c truy van dugc dé xuit di chifa cac dic trung toan cuc cé
thé hoc dudc. BC-FFN ciing dugc st dung sau cac phép toan deformable cross-attention,
tuong tu nhu bo ma héa LST. Cho trudc truy van theo vi tri (location-guided queries)

Qr., qua trinh giai ma LST dudc mo ta nhu Cong thic 3.9 sau:
X; = BC-FFN(LN((Qr + P;) + MDCAttn((Qr + B), (Xe +By)))),  (3.9)

v6i Py 1a ma hoa vi tri dua trén dac trung 6 lu6i. MDCAttn 1a toan t& multi-head de-
formable cross-attention. X, 1a dic trung dau ra bi€u dién theo ting thuc thé. Cudi cung,
X, dugc dua vao mo-dun DCIN dé du dodn mit na phan doan.

Mé-dun tong hop dic trung. Trong mo-dun tdng hop nay, chiing t6i hoc hdi cong
trinh OSFormer [59] véi hai mod-dun chinh d6 12 md-dun Chuén héa Thuc th€ Nguy
trang Pong (Dynamic Camouflaged Instance Normalization - DCIN) va md-dun Tong
hop tir thd-dén-min (Coarse-to-Fine Fusion - CFF). Dic trung C, va cic dic trung trung
gian ctia T-Encoder dudc gii dén mo-dun CFF d€ tao ra céc dic trung toan cuc. Sau do,
cdc dic trung tlf 16p cubi ctia khdi Transformer va mo-dun CFF la dau vao ctia mo-dun
DCIN. Trong md-dun DCIN, c¢6 mot 16p két ndi day di dudc st dung d€ trd vé nhan vi
tri. Pong thdi, mot 16p multi-layer perception dudc st dung d€ tao ra cac tham sé nhan
biét thuc thé (instance-aware parameters). Cac tham s6 nay sau d6 dudc st dung dé thiét
1ap mit na phan doan thuc thé. Chi tiét cai dit c6 thé dudc tham chiéu tSi cong trinh [59]
nay.

La mot md hinh dua trén kién tric transformer bottom-up, md hinh nd luc d€ st dung
cdc dic trung toan cuc tlif nhiéu cip do tit bd ma héa LST dé tao ra mot biéu dién dic
trung mit na téng quat. P& két hop cic thong tin ngit canh da dang, ching toi ciing két
hop dic trung cip thap C2 tit backbone CNN nhu mdt dic trung ting cudng dé tao ra mot
ban dd dic trung c6 do phan gidi cao théng nhat F € RT*¥*P. Chiing t6i ldy céc dic
trung nhiéu cip do C2,T3,T4, va T'5 1am dau vao cho két hop xép tang (cascade fusion).
Bat dau tir 75 & ty 1& 1/32 ctia dau vao, mot 16p tich chap 3 x 3, GN, va upsampling 2 x
dudc truyén qua va cong véi dic trung c6 do phan giai cao hon (T4 véi ty 1& 1/16). Sau

khi két hop C2 véi ty 1& 1/4, dic trung tiép tuc qua mot 16p tich chap 1 x 1, GN, va céc
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phép toan RELU d¢€ tao ra dic trung phan doan F. Luu y ring mdi dic trung dau vao
giam sb chiéu tir 256 xudng 128 sau tich chip dau tién va sau d6 dudgc ting 1én 256 chiéu
& két qua cudi cung.

Nhan thiy ring cic dic trung bién canh cia thuc thé nguy trang khé nam bat hon,
ching t6i thiét ké mot mo-dun chu y bién ngudc (REA, reverse edge attention) dudc
nhiing trong CFF d€ gidm sat cac ddc trung bién canh trong qua trinh hoc. Khéc véi cac
cong trinh trudc day vé chud y bién ngudgc [7, 13], REA hoat dong trén cic dic trung bién
thay vi cadc mat na nhi phan du doan bién canh. Ngoai ra, cac nhan bién dudc st dung
dé giam sat dugc thu dudc bang cach gidm bién (erosion) cdc nhan mit na thyc thé ma
khong can gan nhan thi cong. Ly cdm hiing tir Convolutional Block Attention [79], cac
dic trung dau vao dudc thuc hién bdi ca phép gdp trung binh (AvgPool) va gdp cuc dai
(MaxPool). Sau d6, chiing t6i nbi va chuyén tiép ching dén mot 16p tich chap 7 x 7 va
mot ham sigmoid. Sau d6, ching t6i ddo ngudc trong s6 chi y va ap dung ching cho dic
trung két hop Fy bing phép nhan theo tiing phan ti. Cudi cing, ching t6i st dung mot
16p tich chap 3 x 3 d€ du doan dic trung bién. Gia st ring dic trung dau vao 1a Ti, toan

bo qua trinh ctia m6i md-dun REA ¢6 thé dudc bi€u dién nhu Cong thiic 3.10 sau:
F, = Conv* (F; ® (1 — Sigmoid(Conv’ ([AvgPool (Ti); MaxPool (T)])))),  (3.10)

v6i Conv’ 1a 16p tich chap 7 x 7 va [;] th€ hién két ndi theo chiéu sau (channel axis).
Tém lai, CFF tao ra dic trung phan doan F dé€ dua qua 16p chuin héa cudi cung DCIN

va du doan nhan mit na phan doan thuc thé nguy trang.

3.3 Thuc nghiém

3.3.1 Cau hinh thuc nghiém.

Trong céac thi nghi€ém cua ching t6i, cac tap di liéu COD10K [12], NC4K [49] va
CAMO++ [36] dudc sit dung d€ danh gid bai toan phan doan thuc thé nguy trang. So

sanh chi tiét cdc thudc tinh clia nhiing tap dif liéu ndi trén dudc chiing tdi cung cap tai
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Bang 2.1 thudc Phan 2. Pay 1a nhiing tip dit liéu chudn va phd bién trong linh vuc nghién
ctu trén thuc thé nguy trang.

Dé Iva chon cdc mo hinh co s& (backbone), chung tdi st dung ResNet-50 [26],
ResNet-50 [26] (véi kich thude dau vao 1a 550 x 550 md phong cau hinh thdi gian thuc),
ResNet-101 [26], Pyramid Vision Transformer (PVT) [76], va Swin Transformer (Swin-
T) [46] d€ 4p dung trén phuong phdp dé xuét ctia chiing t6i. CE-OST dudgc xay dung trén
nén tang Detectron2 [80] va cac md hinh khac dudgc cai dit hodc tham khao tif cdc cong
bd ctia chinh tdc gia clia cc cong trinh d6. M6 hinh CE-OST ciia chiing toi tuin theo cac
gi4 tri tham s, siéu tham s6 gbc ctia md hinh OSFormer [59]. Cu thé, ching toi st dung
mdt GPU GeForce RTX 2080Ti va huan luyén vé6i Stochastic Gradient Descent. D€ khdi
tao cac mo hinh, chiing tdi st dung céc trong s6 dugc huin luyén sin trén ImageNet [10].
Qua trinh huin luyén ctia ching t6i dién ra véi 90K 1an lip véi kich thudc batch 1a 1 va
téc do hoc co s6 1a Ir = 2.5 x 10~* khdi dau v6i 1K 1an lip. Chiing tdi ciing st dung
co ché gidm tdc do hoc 0.1 sau 60K va 80K 1an lip. Cac gid tri learningratedecay va
momentum 1an lugt1a 1 x 107* va 9 x 1071,

Céc do do danh gia. D€ trinh bay két quia mo hinh, ching t6i st dung do chinh xac
trung binh (AP). Chi tiét hon, chiing t6i st dung AP, AP@50, va AP@75. Chi tiét vé cic

dd do nay c6 thé duge tham khdo tai https://cocodataset.org/#detection-eval.

3.3.2 Két qua thuc nghiém

So sanh véi cac mo hinh tién tién DE chiing minh do chinh xéc ciia phuong phap dé
xuét ctia ching t6i - CE-OST, chiing tdi da tién hanh cac thi nghiém dudc thiét 14p trong
Bang 3.1. V6i cau hinh nay, chiing tdi tan dung két qua trén cac tap di liéu COD10K va
NC4K dudgc cong bd d€ so sanh do chinh xac gitta cac md hinh. Chiing t6i khong st dung
tap dit litu CAMO++ [36] trong ciu hinh nay vi cic két qua khong dudc cung cip bdi
céc tdc gia ciia nhitng cong trinh d6. Cu thé, chung t6i st dung cdc mo hinh thudc nhanh
hai giai doan (nhu [2, 5, 6, 28, 30, 33]) va nhanh mot giai doan (nhu [1, 17, 23, 59, 71,
78]). PE€ so sanh cong bing, chiing toi sit dung backbone ResNet-101 [26] 1am backbone

chung cta cdc mo hinh. Két qua thuc nghiém da cho thay su cai thién cta chiing toi trén
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BANG 3.1: So sdnh v6i cdc mo hinh tién tién nht trén tap dif lieu COD10K
[12] va NC4K [49] (cung st dung md hinh co s§ ResNet-101 [26])

COD10K NC4K
Method #Params | #GFLOPs AP AP50 AP75 | AP APS50 AP75
Mask R-CNN [28] 62.9M 254.5 287 60.1 257 |36.1 689 335
MS R-CNN [30] 79.0M 251.1 333 61.0 329 |357 634 347
Two- | Cascade R-CNN [2] 90.7M 386.7 295 61.0 259 |346 663 31.5
Stage | HTC [6] 95.9M 384.3 309 610 287 [342 645 316
BlendMask [5] 54.7M 302.8 312 600 289 |314 612 288

Mask Transfiner [33] | 63.3M 253.7 312 60.7 29.8 |34.0 63.1 326

YOLACT [1] - - 29.0 60.1 253 | 378 706 35.6
CondInst [71] 53.1M 269.1 343 679 316 |38.0 71.1 35.6
One- Querylnst [17] - - 325 651 28.6 |38.7 72.1 37.6
Stage SOTR [23] 82.1M 549.6 320 63.6 292 | 343 657 324
SOLO [78] 65.1M 394.6 352 657 334 378 692 36.1
OSFormer [59] 65.5M 398.2 420 713 428 (444 737 451
CE-OST (Ours) 80.2M 523.2 432 722 441 |451 740 464

tat ca cac do do danh gia AP, AP50 va AP75. Trén COD10K [12], ching toi dat dugc
43.2%,72.2%, va 44.1% tuong ting vé AP, AP50 va AP75. Trén NC4K [49], ba gia tri
tuong tng 1a 45.1%,74.0%, va 46.4%. Theo do, ching t6i dat két qua tién tién nhat so
vGi cac phuong phap trén ca hai nhanh hai giai doan va mot giai doan. Chuing toi ciing
tién hanh thuc nghiém loai suy trén mo-dun Ting cudng dic trung bién canh ctia minh &

phan tiép theo.

3.3.3 Thuc nghiém loai suy.

Trong mo hinh dé xuit CE-OST, phuong phap Ting cudng dic trung bién canh cé thé
dudc ap dung theo hai cach. Trong Bang 3.2, ching t6i trinh bay hiéu qua cia hai phuong
phép nay, gdm c6 Tuong phan mau sic (Color Contrast) va Cong do sang (Brightness
Addition). Chung tdi cling tién hanh céc thi nghiém trén cdc mod hinh co sé khic nhau
bao gém 5 phuong phéap da dé cip trong phan Cau hinh thuc nghiém. Nhin chung, cic
md hinh dua trén Transformer nhu Swin-T hay PVT cho két qué t6t nhat trong sb cac
phuong phap dudc thuc nghiém. CAMO++ [36] 1a tip dif liéu khé nhét, theo sau 1a
NC4K [49] va COD10K [12]. Céc tht nghiém ndy ciing chiing minh tinh tong quat ciia
mo hinh dé xuét CE-OST trén cdc md hinh co s khi cdi thién gan nhu moi két qua so véi
cdc phuong phdp tién tién nhét. Dic biét dbi véi tap dit lieu CAMO++ [36], backbone

PVT giit dd chinh xdc dn dinh t6t nhat. Két qua c6 thé dudc gidi thich dua trén b trich
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BANG 3.2: Thuc nghiém loai suy vé cdc md hinh backbone ctia CE-OST
trén tap di liéu COD10K [12], NC4K [49], va CAMO++ [36].

. . ) CODI10K NC4K CAMO++

Phuong phap | Mohinh cds6 |\ 4 psg Ap75| AP AP50 AP75| AP AP50 AP75

ResNet-50 [26] 410 711 408 |425 725 423 | 190 338 183

ResNet-50-550 [26] | - - i S - 1201 363 193

OSFormer | ResNet-101 [26] | 420 713 428 |444 737 451 |206 344 202

PVTV2-B2-Li[76] | 472 749 498 | - - i 27.9

Swin-T [46] 477 786 493 | - - - 223 366 218

ResNet-50 [26] 416 707 423 [424 714 426 [201 342 196

CE-OST | ResNet-50-550 [26] | 35.9 652 343 |41.1 709 41.1 | 206 357 200

(Color | ResNet-101 [26] | 432 722 441 |451 740 464 |217 366 213

Contrast) | PVTv2-B2-Li[76] | 484 75.7 514 779 550 | 285 453 299

Swin-T [46] 49.1 780 521 |505 53.1 | 227 376 224

ResNet-50 [26] 412 690 416 |424 711 429 [202 348 195

CE-OST | ResNet-50-550 [26] | 35.9 652 346 | 408 71.1 403 |21.0 37.1 203

(Brightness | ResNet-101 [26] | 424 70.8 437 | 442 73.1 450 |21.1 344 209

Addition) | PVTV2-B2-Li[76] | 479 746 505 |51.1 773 549 |27.9 451 292

Swin-T [46] 490 785 514 793 539 | 227 384 23.1

ResNet-50 [26] 418 705 420 |434 723 440 | 210 359 207

CE-OST | ResNet-50-550 [26] | 36.1 658 35.1 | 414 718 414 | 205 366 200

(Brightness & | ResNet-101 [26] | 427 712 439 | 451 740 465 | 214 354 208
Contrast) | PVIV2-B2-Li[76] | 483 754 514 77.1 27.6

Swin-T [46] 48.9 506 792 533 |233 382 241

*Két qud tot thit nhat, thii hai va thit ba lan lugt duoc ki hiéu véi mau do, xanh duong, va

xuét dic trung & nhiéu ty 1& ctia PVT c¢6 thé xit ly tdt cdc hinh 4nh véi nhiéu ty 1& khac
nhau cia CAMO++. Trong Hinh 3.3, chiing t6i trinh bay két qué t6t nhét cla chiing toi
khi st dung kién tric backbone PVT (bén trai) va mot s6 trudng hop that bai (bén phai).
Céc trudng hop xau xay ra véi hién tugng phan doan qua mtc (over-segmentation) hoic
du doan nhan sai (mislabeling).

Céc trudng hdp md hinh du dodn sai gy ra bdi kich thudc cia céc thuc thé va su
phiic tap clia viing nén trong cic anh nguy trang. C6 thé thiy, khi viing thuc thé chiém
phan qua 16n hoiic qua nho so véi dién tich anh dau vao, mo hinh chua nim bat t6t thong
tin ngif nghia cta thuc thé va dan dén cic vin dé viia néu. Bén canh do6, viéc hinh anh
nguy trang c6 ving nén qud phiic tap hoiic tuong dong véi ving thuc thé ciing giy khé
khin cho md hinh phan doan trong viéc phan biét gitta chiing. D€ cai thién van dé nay,
ching t6i can cung cip thém thong tin cho md hinh hoc. Chiing t6i du kién thiét ké mot
kién triic hodc gan thém mot md-dun dé cung cip thém thong tin ngit nghia cho mé hinh
phan doan. Ngoai ra, cac phuong phdp ting cudng anh ciing c6 thé dudc xem xét dé giai

quyét van dé nay.
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HiNH 3.3: Truc quan héa két qua trén tip dit litu CAMO++ [36] v6i md
hinh CE-OST st dung backbone PVT. Ngudng tin ciy dudc st dung 1a 0.5.

Ban luin. Trong Hinh 3.4, ching tdi trinh bay mot s6 mau vé céc thuc thé nguy trang
véi bién canh dudc ting cudng. Tu trdi sang phai, ching toi sap xép anh gbc (a), 4nh véi
bién canh tuong phan (b), anh véi bién canh dudc cong mic sang (c) va nhan phan doan
(d). C4 hai loai bién canh déu dudc tao ra bdi phuong phdp ting cudng bién canh clia
mo-dun dé xuit CE, va chiing toi truc quan cac dudng bién canh nay dudi hai hinh thic
nhu trén. Cac dudng bién cong miic sang 1a két qua cia viéc cong gid tri mic sang vao
cac diém anh thudc dudng bién clia céac thuc thé. Trong khi do6, cac dudng bién tuong
phan thay doi cac gia tri mau sang mot gia tri bu trong pham vi tuong phan, mang lai

mot dudng bién c6 thé dudc phan biét tot hon so vdi cac dudng vién mau sang. Do do,
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chiing ta c6 thé quan sat két qua tdt nhat chd yéu thudc vé phuong phap Tuong phan mau
sac. Hang cudi cing minh hoa mot trudng hop khi bién canh dugc phat hién khong thanh
cong, din dén ting cudng sai ddi tugng can phan doan. Trong tuong lai clia chiing toi sé

tap trung vao viéc cai thién nhan dién cac dudng bién canh cua thuc thé nguy trang.

ul-pawooy

Penguin

Worm

(a) Original Image (b) Contrast Contour (c) White Contour (d) Ground-truth

HiNH 3.4: Mt s6 hinh 4nh minh hoa cho anh dau vao dugc ting cudng dic
trung bién canh, dit liéu tir tip CAMO++ [36]. Dong dau tién thé hién cic
vung dudc phong dai.
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3.4 Tam két

Trong phan nay, ching t6i da dé xuit md hinh CE-OST - mot phuong phdp Ting
cudng dic trung bién canh cho mo hinh Transformer mot giai doan dé gidi quyét bai
todn phan doan thuc thé trén cic anh nguy trang. Chung t6i da chiing minh su cai thién
ctia phuong phdp dé xuit trén ba tap dit liéu nguy trang chuin 12 COD10K, NC4K va
CAMO-++. Xay dung trén nén ting mo hinh OSFormer [59], mt trong nhiing kién triic
mot giai doan tién tién gin day cho bai toan phan doan thuc thé nguy trang, ching toi da
cai thién do chinh xac ctia mo hinh phan doan nhd viéc khai thac hiéu qua cac dac trung
bién canh vat thé nguy trang. Két qua nay ching minh 14p luin ctia ching t6i khi nhan
dinh ring, do chinh xdc du doan ctia mo6 hinh phan doan c6 thé dugc ci thién khi ting
cuong kha ning nhan ra cic thuc thé nguy trang thdng qua ting cudng dic trung phan
biét tai viing bién thuc thé. Cac dé xuat trong phan nay dudc dudc téng hop thanh cong
trinh khoa hoc va da dugc cong bd tai hoi nghi quc t& MAPR2023 - 2023 International
Conference on Multimedia Analysis and Pattern Recognition [CT1]. Trong tuong lai,
chung t6i du dinh md rong y tudng cua minh sang cac linh vuc dac thu khac nhu anh y

khoa, ndi cdc thuc thé mang cic dic di€m khé nhan biét ctia ddi tugng nguy trang.
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Chuong 4

Mo hinh FS-CDIS hoc dac trung
phan biét vé6i it mau dir liéu

4.1 Tong quan

Trong phan nay, chiing t6i gidi quyét thach thiic vé su gi6i han trong dit liéu gan nhin
dé€ huan luyén cac mod hinh phan doan trén thuc thé nguy trang. Chung tdi trinh bay dé
xuat phan doan thuc thé nguy trang v6i huéng tiép cin st dung it dif liéu hun luyén
thong qua mot mo hinh hai giai doan FS-CDIS (Few-shot Camouflaged Detection and
Instance Segmentation). V6i phuong phap hoc it dit liéu, chiing ta c6 thé thuc hién cc
nhiém vu hoc mdy véi s6 luong dif liéu han ché cho trudc. Phuong phép hoc it di liéu
yéu cau hai giai doan xi ly: (1) giai doan huin luyén co sé (base phase) d€ mo hinh c6
dudgc kién thic tdng quat thong qua nhiéu dif liéu huin luyén, va sau dé (2) thuc hién giai
doan tinh chinh (novel phase) d€ mo hinh tudng thich vé6i cac tac vu chi tiét (downstream
task). V&i bai toan phan doan thuc thé nguy trang, ching tdi st dung phuong phap hoc
it dit liéu ap dung trén anh chita dong vat nguy trang, day c6 thé la nhiing loai dong vat
quy hiém va khé tim thiy trong tu nhién, hodc don gian 1a nhiing loai dong vat c6 tap
tinh nguy trang dé 14n tron ké thi. Chinh nhiing tap tinh 14n trén nay khién cho di liéu
thu thap vé dong vat nguy trang trong tu nhién tré nén giéi han hon. Thong qua hudéng
tiép can hoc véi it dit liéu vé ddi tuong nguy trang, cac mo hinh van c6 thé xt 1y t6t cac

nhiém vu cho trudc. Mic du phat hién va phan doan thuc thé nguy trang c6 nhiéu tGng
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dung thuc tién, cac nghién cifu cong bd trudc day van chua dé cap dén viéc thuc hién
tdc vu ndy v6i ngi canh it dit 1iéu huin luyén. Trong khi d6, ddy 1a mot huéng tiép can
tiém ning va phu hgp véi tinh chit ctia bai toan dic thu nay. Do d6, ching tdi mudn gii
quyét bai toan phan doan va phat hién dong vat nguy trang & cip do thuc thé dua trén it
mau dit liéu huin luyén.

Cac dong gop clia chiing toi vé hudng tiép can hoc it di liéu cho bai toan phat hién
va phan doan thuc thé nguy trang dudc cong bd trong cong trinh [CT2, CT3]. Cu thé,

chuing t6i c¢6 hai dong gop chinh sau:

« Mot 13, chung t6i xay dung mot tap di liéu chuén, dit tén 124 CAMO-FS, dua trén
nén tang cia tip CAMO++ [36], ddy 1a mot trong nhitng tip dif liéu dau tién cho

ngl canh it di liéu trén thuc thé dong vat nguy trang.

* Hai 13, chiing t6i d& xuat mo hinh FS-CDIS, d€ phan doan hiéu qua thuc thé dong
vat nguy trang. Trong d6, hai diém chinh trong md hinh chifa dung su cii tién cho
thuc thé nguy trang 12 ham mit mét ba thanh phan & cip dd thuc thé (Instance

Triplet Loss) va bd nhé luu trit thuc thé (Instance Memory Storage).

4.2 Bo dif liéu dé xuat CAMO-FS

Trong thuc té, viéc thu thap dif liéu hinh 4nh vé cic thuc thé nguy trang gip nhiéu
khé khin hon so véi viée thu thap dit lidu ctia cdc ddi tugng thong thuong khéac. Pic biét,
v6i bai toan phan doan & cip do thuc thé, dit liéu sau khi thu thap can dudc gan nhan
chinh x4c dén cip do di€ém anh, diéu nay phan nao 1am ting thém do khé cho cong tac
lam dit liéu. Nguy trang la diic tinh dudc mo ta & cac loai dong vat gitip ching hoa 1an
vao mdi trudng xung quanh d€ tranh ké thi nguy hi€ém [36]. Thuc thé nguy trang 1a cic
thuc thé c6 tinh chat dic thi nay véi mau sic, chit liéu tuong dong véi méi trusng khién
ching khé bi phat hién. Ranh gi6i gitta nhing di€ém anh thudc thuc th€ nguy trang va
diém 4anh thudc viing nén hoic gitta cac thuc thé nguy trang véi nhau, trong nhiéu trudng
hop bi chdng 14p phan nao. Piéu nay khién cho qué trinh gdn nhan & cip do diém anh

trd nén mo hd, viéc xac minh cac ving chia thuc thé nguy trang tré nén khé khin hon.
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Miit khac, viéc hudn luyén mo hinh vé6i ky thuét hoc it dit liéu cling yéu cau mot t3 chiic
dit liéu khac biét, cu thé, dif liéu can dudc chia thanh céc tap con vé6i sd luong mau phi
hop véi qud trinh hoc. Vi thé, d€ dé dang chuin bi dit liéu cho tac vu phan doan thuc thé
nguy trang dua trén hudng tiép can st dung it di liéu huén luyén ma dé tai nay nham
dén, mot trong nhiing cach phd bién nhit dé tao 1ap dif liéu chinh 12 ké thira tir cic tap
dit liéu nguy trang chuin (benchmark) hién c6. CAMO++ [36] 1a tap dit liéu dugc chiing
lua chon vi day 1a bo dit liéu ¢6 kich thude 16n, d6 da dang vé sb ludng 16p ngit nghia va
16p tdng quat cao, nhin phan doan thuc thé day di va méi dudc cong bd gan day.

Pac trung cua bo dur liéu CAMO++ [36]. CAMO++ chita 5,500 hinh anh nguy
trang va khong nguy trang tuong tng v6i 32,756 nhan dbi tuong [36]. Bo dit lidu c6 93
16p chi tiét dudc gan cho 13 16p tdng quat. Tuy nhién, néu chi tinh riéng thuc thé nguy
trang, CAMO++ ¢6 47 16p chi tiét dugc thiét ké véi cAu tric phan cip va dudc phan
thanh 10 16p tdng quat. N6i cach khac, CAMO++ dong gbp 2,695 hinh &nh nguy trang
bao gdm 1,250 hinh 4nh nguy trang hién c6 trong bd dit liéu CAMO truée d6 ciing véi
1,450 hinh anh nguy trang méi dudc thu thdp thém cho phién ban CAMO++. Trong
pham vi ludn van nay, ching t6i khong st dung 2,800 hinh anh khong nguy trang cua
CAMO++. Vé miic d6 tdng quat, CAMO++ cung cip day di nhin cho cac tidc vu phan
loai, phat hién dbi tuong va phan doan thuc thé trén cac anh nguy trang, phu hop dé thuc
hién muc tiéu nghién ctiu clia chiing tdi trong tac vu phan doan thuc thé nguy trang.

Bo dir liéu dé xuat CAMO-FS. Chung t6i xay dung CAMO-FS bang cach ké thita
cAu triic phan loai dua trén dic trung sinh hoc ctia CAMO++, gian lugc qua trinh thu
thap dit liéu vé thuc thé nguy trang. Bang 2.1 cung cip phan tich tdng quan vé cc cong
trinh trudc day dudc thuc hién vé dbi tuong nguy trang va so sanh véi CAMO-FS cua
chiing t6i véi mot sd tiéu chi nhu: s6 lugng anh, s6 luong gan nhan, sd lugng phan 16p
va dic trung cac loai nhan cho céc tac vu khdc nhau. Ching t6i ké thita CAMO++ [36]
v6i 10 16p tong quat cho dbi tuong nguy trang dé xdy dung cau tric cho bai todn phan
doan thuc thé véi it mau di liéu. Dic biét, vé khia canh ciu tric phuc vu bai todn hoc
véi it mau dit liéu, CAMO-FS khong chi 1a bo dit liéu dau tién vé dbi tugng nguy trang

ma con gilf ti 1& thuc thé/dnh & mic 1.172, cao nhét trong s6 cic bo dit liéu dudc khao
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sat. Luu y rang, cac tap dif liéu khac tuy c6 sd lugng anh 16n, nhung khong phai tt ca
4nh déu chia thuc thé nguy trang. Hinh 4.1 minh hoa su phan bd theo 16p ctia bd dit liéu
CAMO-FS va CODI10K [12].
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(a) CAMO-FS dé xuit (b) COD10K [12]

HiNH 4.1: Phan phbi 16p ctia cdc mau dit liéu nguy trang dudi dang word-
cloud giita tap dit liéu CAMO-FS dé xuét va COD10K [12].

BANG 4.1: S6 lugng mau thu thap thém cho bo dit liéu dé xuat CAMO-FS.

Ldp doi tugng | Bat | Bear | Camel | Dolphin | Elephant | Horse | Kangaroo | Monkey | Penguin | Rhino | Squirrel | T6ng
#Anh 12 | 14 14 13 14 16 22 16 11 14 17 163
#Thuc thé 12 | 14 15 19 14 17 25 20 14 14 17 181

Tuy nhién, su mit can bang vé sb luong anh & mot s6 16p khi ké thita CAMO++ giy
ra vin dé khi tao 14p cau triic cho huéng tiép can hoc véi it dit liéu cia CAMO-FS. Véi
bdi canh hoc dua trén it dit liéu huin luyén (few-shot learning), chiing toi can c6 mot sd
lugng mau nhit dinh cta ting 16p phuc vu cho qua trinh huan luyén giai doan tinh chinh.
Tuy nhién, mot s6 16p ddi tuong trong tap dif liéu nay c6 it hon sd lugng mau can thiét
(5 mAu thuc thé cho méi 16p). Cu thé, ¢6 11 16p dbi tuong gip phai tinh trang nay (d6 1a:
Camel, Dolphin, Elephant, Horse, Kangaroo, Monkey, Penguin, Bat, Bear, Squirrel, va
Rhino). Vi thé, chiing toi tién hanh thu thap thém 163 4nh tuong ting v6i 181 thuc thé,
v6i trung binh 15 ca thé cho mébi 16p. Pong thdi, chiing toi cling loai bd cic 4nh ¢6 nhan
bi 16i trong tap dif liéu ban dau. S6 lidu thong ké vé dif liéu da thu thap thém ducc hién

thi trong Bang 4.1. Theo d6, bo dii liéu CAMO-FS c6 téng s6 2,858 hinh 4nh tuong ting



Chuong 4. M6 hinh FS-CDIS hoc dic trung phan biét vdi it mau dir liéu 56

v6i 3,342 nhan dbi tuong. Hinh 2.19 truc quan héa mot sd hinh anh mau véi nhian mit
na tif tip dit liéu CAMO-FS. Tap dit liéu CAMO-FS 13 mdt trong nhiing tap dif liéu dau
tién dugc dé xut véi cAu triic phuc vu cho bai toan phan doan thuc thé nguy trang st
dung it dif liéu huin luyén.

Trong Bang 4.2, chiing toi trinh bay sb luong va ti 1& clia sb luong thuc thé trén s6
lugng anh ctia tap dif lidu CAMO-FS. S6 lugng thuc thé trén mdi 4nh dao dong tir 1 dén
25 thuc thé va thudng rdi vao 1, sau d6 14 2 va 3 thuc thé trén mot anh. C6 thé thiy ring,
s6 luong 4nh chia tir 1 dén 3 thuc thé chiém mot ty 18 16n trong toan bo tap dit lidu. Piéu
nay ciing minh hoa cho van dé mét can bang dit liéu giita sd ludng thuc thé va ty 1& anh
trong tap dit liéu, phan anh mot vin dé thuc té vé su xuat hién ctia cac loai dong vat nguy
trang. That vy, cac loai dong vat nguy trang c6 muc tiéu an minh, cho nén ching thudng
s& xuat hién doc lap, riéng 1é. Ngoai ra, mic du dudc khang dinh trong cong trinh [36]
rang cic dbi tugng nguy trang thu thap trong tip CAMO++ xuit hién trén toan bd cic
vi tri trong anh, sau khi loai b cac ddi tuong khong nguy trang va thém cic anh nguy
trang mdi, chiing toi tric quan héa phan b ciia tim céc thuc thé theo toa do chuin héa
clia 4nh trén toan bo tap dif lisu CAMO-FS nhu trong Hinh 4.3-a. Diéu nay chi ra ring
cdc loai dong vat nguy trang c6 xu huéng nam & trung tdm ctia anh chup. Thuc té, dé
chup dudc nhitng hinh 4nh ctda céac loai dong vat nguy trang trong tu nhién, cic nhiép
4nh gia can tip trung vao céac loai vat d6, dan dén phan bd ciia chiing chi yéu & bd cuc

trung tam trén cac hinh anh thu thap dudc.

BANG 4.2: Ti 1 s6 luong thuc thé nguy trang trung binh trén dnh cta tip
dit liéu CAMO-FS dé xuét.

S6 hrgng thue thé | Tilé (%) | S6 lwgng anh
1 90.5 2581
2 1.05 190
3 1.79 51
3+ 6.66 30

Ciing trong Hinh 4.3, chiing t6i minh hoa cho xu huéng tip trung cta cac thuc thé
trong hinh anh nguy trang cua cac tap du li€éu khac nhu CAMO [38] va CODI10K [12]

d€ so sanh truc quan hon. Trong Hinh 4.2, ching tdi trinh bay phan b6 do phan gidi ctia
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hinh anh gitta cac tap dit li€u nguy trang. Vi ching t6i chi xem xét st dung cac hinh anh
nguy trang cia CAMO++ [36] va CODI10K [12], mat d6 cua CAMO-FS cua chung t6i
day dac hon CAMO++ do viéc thu thap thém cac hinh anh dudc trinh bay trong Bang
4.1. So v6i COD10K [12] va CAMO [38] trudc day, phan bd do phan giai hinh anh cia

CAMO-FS ctia ching t6i thod man hon vé sy da dang.
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HIiNH 4.2: Phan phbi do phan gidi anh trén céc tip dit lidu vé thuc thé nguy
trang: CAMO-FS, CAMO++ [36], CAMO [38], va CODI0OK [12].

Miic du dudc cong bd trong cong trinh [36] ring cic dbi tugng dudc nguy trang trong
CAMO++ da dudc ban dia hda trén toan bd hinh anh, nhung sau khi loai b cac dbi
tugng khong nguy trang va thém cac hinh anh dudgc nguy trang mdi, chung téi cé su
phan bd cic trung tim d6i tuong trong toa do hinh anh chuin héa trén tit ca cac hinh
anh trong tap dit lieu CAMO-FS nhu trong Hinh 4.3-a. Diéu nay c6 nghia 13 dong vt

nguy trang c6 xu huéng nam & trung tdm ctia hinh 4nh. Ciing trong Hinh 4.3, ching téi
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minh hoa do 1éch tam cua hinh anh dugc nguy trang trong cac bo du liéu CAMO khac
[38] va COD10K [12] d€ so sanh truc quan t6t hon. Trong Hinh 4.2, chiing toi trinh bay
do phan giai hinh anh trong cac bd du liéu nguy trang. Vi ching t6i chi xem xét cac
hinh anh nguy trang cia CAMO++ [36] va COD10K [12], nén mat d0 CAMO-FS cao
hon so v6i CAMO++ do chung t6i ¢6 thu thap thém hinh anh dudc trinh bay trong Bang
4.1. So v6i COD10K [12] vda CAMO [38] trudc do, phan phdi dd phan gidi hinh anh cia
CAMO-FS da dang hon.

10 10
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(a) CAMO-FS dé xuit

(c) CAMO [38] (d) COD10K [12]
HINH 4.3: Do 1éch tam thuc thé cla cac bo dif liéu nguy trang

P& tao 1ap dit liéu cho hudng tiép can hoc it dif liéu mot cach hiéu qua, ching toi 14y
M thuc thé tr tap dit liéu CAMO-FS dé€ tao céac tip huin luyén (trong thiét 14p ciia chiing
t0i, M = 5) va st dung cac thuc thé con lai d€ lam tap ki€m tra. V6i M = 5, ching t6i
tao 1ap ciu tric cho cic s6 lugng mau khac nhau trong tp huin luyén va ddm bio mau

c6 s lugng 16n hon sé bao ham thuc thé cia miu c6 s6 luong nhoé hon. Cu thé, ching
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toi 1y tAt ca cdc mau d€ tao dit liéu huin luyén 5 mau (5-shot) va loai bd 2 trong 5 thuc
thé d€ tao dit liéu huan luyén 3 mau (3-shot). Theo cach nay, tip huan luyén 5 mau chiia
cac thuc thé ctia tip dif liéu 3 maiu va tip huin luyén 3 mau chifa cac thuc thé cla tip
huan luyén 2 mau, tap huin luyén 2 mau chifa thuc thé cta tap dif liéu 1 mau. Theo khao
sat clia chuing tdi trén cdc cong trinh dugc cong bd tai cac hdi nghi, tap chi uy tin hang
dau trong nganh, ddy 1a mot trong nhitng cong trinh dau tién dé gidi quyét van dé phan
doan va phat hién thuc thé nguy trang véi it mau dit liéu. Vi thé, viéc xay dung mot tap
dit liéu diic thu d€ huin luyén va kiém thi cho bai toan nay 12 can thiét va chiing tdi c6

kha niing dong gop cho céc cong trinh nghién cifu sau nay ctia cong dong.

4.3 Mo hinh FS-CDIS phan doan thuc thé nguy trang
véi it mau dir liéu

4.3.1 Gigi thiéu mo6 hinh

Céc dinh nghia. Huéng tiép can hoc it dif liéu thudng chia dit liéu hun luyén thanh
hai tap: tap thd nhit chia cac 16p dif lidu tdng quat goi 12 16p o s8 Cspgge VOi Mot liong
16n dit liéu huin luyén sin c6; tip thid hai chida cac 16p mdi 1a cac ddi tuong can thuc
hién tac vu Cs,,ye; chifa mot luong nho dit liéu huan luyén (thuong dusi 10 mau). Muc
tiéu clia bai todn 12 huan luyén mot mo hinh d€ dua ra cac du doan tot trén cac 16p mdi
Cstest = CSpover [70] hoac trén ca dit 1li€u co sé va dit liéu méi Csyesr = CSpase U CSnover
[22]. Hudng tiép cin phan loai 4nh véi it mau dit liéu da gi6i thiéu phuong phap hoc theo
tuan ty ting tap di liéu. Phuong thic nay thiét 1ap mot loat tap con E; = (1,,S;) trong
do S; 1a tap ho tr¢ chita N céc 16p tit Csyrain = Csnover J CSpase cing véi K mau cho moi
16p (dudc goi 1a N-way K-shot). Sau d6, mot mang dudc huin luyén d€ phan loai anh
dau vao I,, dugc goi 1a anh truy van. Y tudng chinh & day 1a viéc gidi quyét mdi tac vu
phan loai khac nhau cho médi tap sé gitp khdi quat héa t6t hon va mang lai két qua t6t
hon trén Cs,,gyer. Cac bai todn md rong clia phuong phap nay 1a phat hién dbi tuong it
mau - FSOD [32] va phan doan thuc thé it mau - FSIS [15, 84]. Nhiing cong trinh nay

dé xuét xem tt ca céc ddi tuong trong anh Ia céc truy vén, ké thita y tudng tii bai toan
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phan loai it mau. Tuy nhién, c6 nhiing thach thic dic thu trong FSIS bdi do khong chi 1a
tac vu phan loai d6i tuong ma con muc tiéu xac dinh vi tri va phan doan cac d6i tugng
trong anh. Vi thé, st dung &nh I, d€ truy vén, FSIS tra vé nhan y;, hop gi6i han b; va mit

na phan doan M; cho tit ca cac dbi tugng trong I, thudc tap hop Cs;eg

Feature Extractor Class-specific Mask Predictor

-
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Up- \
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Extractor .

Input C age |
] ]
Cosine-similarity Class-specific
Classifier Box Regressor

Output Bounding box Output Mask

HiNH 4.4: M6 hinh FS-CDIS dé xuét cho phan doan thuc thé nguy trang st
dung it dif liéu huén luyén.

Tong quan md hinh FS-CDIS. D¢ giai quyét tac vu phat hién dbi tuong trén anh
v6i it mau dif liéu, md hinh TFA [77] da dugc dé xuit dua trén nén tang Faster R-CNN
[63]. Tiép sau d6, cung st dung y tudng gan thém mot nhanh chuyén biét cho tic vu
phan doan 4nh nhu Mask R-CNN [28], MTFA [20] d4 ra doi d€ giai quyét bai todn phan
doan thuc thé véi it dif liéu huin luyén. Trong cong trinh ndy, ching toi dua trén kién
tric ciia mod hinh MTFA [20] d€ dé xuit mo hinh FS-CDIS cho bai todn phan doan thuc
thé nguy trang. Cé4c cai tién ctia chiing tdi tip trung vao nhanh phan doan thuc thé véi
hai dé xuét lién quan dén ham mAt mat ba thanh phan va bd nhé luu tri thuc thé. Ciing
gibng nhu MTFA, mo hinh cta chiing t6i dudc huén luyén trén 80 I16p co s lay tir bo
dit liéu COCO dé hoan thanh giai doan co s& (base phase). Trong giai doan tinh chinh
(novel phase), ching tdi 4p dung k¥ thuat hoc véi it mau dé& hoc cac dit liéu méi vé céac
méau dif liéu nguy trang trong bo dit liéu CAMO-FS ma chiing tdi dé xuét.

Hinh 4.4 minh hoa céc thanh phan chinh cia m6 hinh dé xuit FS-CDIS. Trong do,
cac déng gop chinh tap trung & nhanh phan doan thuc thé. Tuong tu nhu Mask R-CNN
[28], anh d4u vao dudc dua vao mot b riit trich dic trung Feature Extractor dé riit trich
dic trung F. Feature Extractor bao gdbm md hinh nén tang - Backbone B, mang dé xuit

vung quan tam - RPN, mo6-dun can chinh vung quan tam - Rol Align, va mo-dun rut
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trich dic trung tif ving quan tAm - Rol Feature Extractor. V& dau ra, FS-CDIS c6 bd ba
dau ra (heads) tuong ting vdi ba tdc vu ma mo hinh hd trg: dau ra phan loai C, dau ra du
dodn vi tri khung bao R va dau ra du doan miit na ngii nghia M.

Nhu di trinh bay & phan trudc, qua trinh huan luyén mot mo hinh hoc mdy véi it dit
liéu huin luyén dudc chia 1am hai giai doan: giai doan co sé va giai doan tinh chinh,
cu thé nhu sau. Trong giai doan dau tién, md hinh dugc huén luyén trén cic 16p co s6
CSpase, trong trudng hdp nay la 80 16p c¢o sé cua tap dir liéu COCO. Sau do, trong giai
doan thu hai, chung t6i dong bang backbone B cua b0 rut trich dac trung F va chi thuc
hién huan luyén trén cic dau ra du doan. Do d6, dau ra phan loai C, dau ra du dodn vi
tri khung bao R va dau ra du doan mit na ngit nghia M dudc tinh chinh vé6i dit liéu méi
trong giai doan thi hai. D& nang cao hiéu suit cia tic vu phan doan thuc thé, ching toi
cai tién bang cach ap dung cic y tudng vé ham mat mat ba thanh phan va bo nhé luu trit
thuc thé ctia ky thuat hoc tuong phan, chi tiét dugc mo ta trong phan tiép theo. Hai cai
tién nay khong chi bit ngudn tif tic vu phan doan thuc thé néi chung ma con tif cac diém

ddc thu ctia bai toan phan doan thuc thé nguy trang.

4.3.2 Khai thac dac trung nguy trang véi ky thuit hoc tuong phan

Mot trong nhiing diém dic thu ctia cdc thuc thé nguy trang nam & chét lidu (texture)
clia ching dudc mod ti trén 4nh mau sé tuong tu nhu ving nén. Piéu niy 1am nén tinh
chat nguy trang, gitip dong vat 14n trén ké thi nguy hiém, va ciing 1am cho qud trinh
phan dinh viing chia thuc thé va viing nén tré nén khé khin hon. Hon nita, trong bdi
canh it dif liéu huin luyén, mo hinh sé& phai xoay s& dé hoc dudc cac khdi niém (concept)
nay dua vio mot sd luong mau dit liéu it 6i. Vi thé, cAu hdi dit ra 1a 1am thé nao dé gitp
mo hinh hoc dudc tdt hon cac dic trung nguy trang trong khi dugc cung cép it dit liéu?

Dé tra 15i cho cAu héi nay, dé xuét dau tién ctia chiing toi gitip mo hinh ting kha ning
phan biét viing vat thé va ving nén thong qua mot cong cu d6 12 ham mat mat. Ham
mét mat chiing t6i dé xuit st dung 12 ham mét mat ba thanh phan [66] (hay con goi 12
Triplet loss). Trong ngit canh cta bai todn nay, chiing toi 4p dung ham mit mat trén tiing

thuc thé vi thé day ducc goi 1a hAm mait mat ba thanh phan & cip do thuc thé (Instance
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Triplet Loss). Mot cach tdng quat, hAm mat mat ba thanh phan & cap do thuc thé nhan
dau vao 1a cac dic trung tién canh - foreground, viing nén - background, va diém neo -
anchor. Him mét mat nay c¢6 muc tiéu thu hep khoang cach giita cic dic trung tién canh
v6i diém neo, va gia ting khoang cach giita cdc dic trung ving nén vdi diém neo (truc
quan héa tai Hinh 4.5). Theo d6, hAm méit mat nay sé& hd trg mo hinh tao ra cic dic trung

phan biét giita cac viing nén va vang thudc thuc thé nguy trang.

a
e
n

HINH 4.5: M6 hinh héa ham mét mét ba thanh phan véi cac dic trung tién

canh (F so), ving nén (F,), va di€m neo (IF,). Him mit mat ba thanh phan

c6 muc tiéu thu hep khoang céch giita cic dic trung tién canh véi di€ém neo,
va gia ting khodng cich gifta cdc dic trung viing nén véi di€ém neo.

P& tinh ham méit mat, chiing toi st dung thong tin tif mit na phan doan. Cac dic
trung tif ving quan tam (Rol) cung cap dic trung ving nén IF¢ va dac trung vung thuc
thé IF /, theo vi tri trén mdi ving quan tdm. Ca IF, va [Fy, clia mdi ving quan tdm déu
dudc st dung dé tinh cac ham mat mat dé xuat. Véi y tudng ting cudng kha ning phan
biét giiia cac thuc thé nguy trang va nén xung quanh ching, ching t6i coi cic di€ém anh
clia d6i tugng la diém positive va ving nén la diém negative. Theo do, chiing t6i budc
md hinh hoc céc dic di€ém ndi bat gilta cdc dai dién clia thuc thé va ving nén. Céc dic
trung cang dugc phan biét rd rang thi mo6 hinh cang c6 kha nang phat hién hoac phan
doan céc trudng hop dudc nguy trang tot hon. Bing cach nay, chiing tdi lam ndi bat cac
thuc thé nguy trang c6 trong anh d€ mo hinh ¢6 thé phat hién va phan doan cac thuc thé
nay dé dang, giam thiéu sai sot.

Cu thé, d6i véi mdi viing quan tim trong anh, ching tdi xem xét cdc dic trung trung
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binh cia thuc thé F,. = Fgy, = @Z]F ¢ nhu di€m neo; cic dic trung cda thuc thé
nguy trang IF 7, 1a cac di€m positive; cic dic trung ving nén IFye 1a cac diém negative
dé€ ap dung ham mat mat ba thanh phin & cip do thuc thé. Bang cach nay, mo hinh sé cb
gang hoc céach t6i thiéu héa khoang cich gilta cac dai dién thudc thuc thé va tdi da héa
khoéng céch giita cac dai dién nén nhu minh hoa tai Hinh 4.5. D€ x4c dinh khodng cich
gitta cac dic trung noi trén, chiing tdi st dung do tuong dong Cosine (Cosine Similarity)
thay cho cdc do do nhu Manhattan hay Euclidean. Ching t6i sit dung do tuong dong
Cosine vi su uu viét cia do do nay khi tich hop dudc cdc yéu tb lién quan dén goc clia
cdc vector trong khong gian dic trung, yéu t6 nay gitip cho qua trinh xac dinh khoang
cach dudc chinh xac hon.

Téng hop lai, ham mat mat ba thanh phan & cip do thuc thé dudc dinh nghia nhu

Cong thuc 4.1 sau:

o%riplet - max{d(]Favg, ]ng) - d(]Favg, IFbg) + margin,O}

dxy)=1-——2 _

-l 11

4.1)

trong d6 tham s& margin kiém soat miic do phan biét giita cic dic trung ctia ving thuc
thé va ving nén. Trong céc thit nghiém, chiing t6i dit margin = 0.5. Céc thuc nghiém

loai suy sé dugc trinh bay trong phan tiép theo.

4.3.3 Cung cb dic trung nguy trang véi Bé nhé lvu trir thuc thé

Quan sét thdy viéc cung cap mot s6 luogng it mau dit liéu sé can tré kha ning hoc clia
mo hinh, chiing t6i dé xuit phuong phdp gitip mo hinh c6 khé ning ghi nhd nhiing thong
tin da hoc dudc, va st dung cic thong tin nay dé cai thién kha ning dua ra du dodn.
LAy cam hiing ti thuc té, khi d6i mit v6i mot van dé méi, ching ta thuong cé xu huéng
st dung nhiing thong tin, kién thiic da c6 trong tri thic ctia minh d€ xit Iy chiing. Véi
y tudng nay, ching toi tiép tuc dé xuit thém vao mo hinh mot bd nhé luu trit thuc thé
(Instance Memory Storage) gitip mo hinh ¢6 kha niang ghi nhé cdc mau dit liéu giéi han

trong qua trinh hoc d€ cai thién do chinh xac.
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B0 nhd luu trit thuc thé dudc thiét k& dé luu trit thong tin 1a céc dic trung trong mot
16p ngit nghia va dugc cip nhat lién tuc trong qua trinh huin luyén véi mdi mau dit liéu.
Co ché nay cho phép md hinh nam bat thong tin vé 16p nghia nghia d6 & cap do tdng
quat, tdng hop dudc thong tin tif cdc thuc thé khic nhau trong ciing mot 16p ngit nghia
Mt khdc, viéc luu trit va cap nhat cdc dic trung trong bd nhd luu trit cho mdi lan lip
trong qua trinh huin luyén ciing tao ra nhiéu bién thé hon thong qua viéc pha tron dic
trung sau mdi 1an cAp nhat bd nhé. Ching t6i st dung bd nhé Ivu trit thuc thé dé chita
cac dic trung ving nén va vung thuc thé theo tling 16p ngit nghia va st dung cic dic
trung nay d€ tinh todn su phan biét gitta cac ving c6 thuc thé va ving khong c6 thuc thé

trong cc vung dé xuat (Hinh 4.6).

Predicted Features Foreground Trunk Background Trunk
A
v
Update
v

{ Mask Annotation ]— 1Samp|ing
@ Frg

Instance Memory
{ Loss ' [Fbg

0 Fa

HINH 4.6: M0 hinh héa bd nhd luu trit thuc thé. Bd nhé Iuu trit thuc thé luu

trit thong tin viing nén va ving thuc thé theo tiing 16p ngit nghia va sit dung

chiing d€ tinh todn sy phan biét cho nhanh phan doan thuc thé. B6 nhé luu

trif thuc thé dudc cAp nhat lién tuc trong qud trinh huin luyén v6i mbi mau
dit liéu mdi theo tung 16p ngtt nghia.

Qua trinh luu trir va cip nhat dic trung. Bo nhd luu tri thuc thé cho mdi 16p
ngit nghia c6 2N s6 luong dic trung, bao gdm N dic trung ctia thuc thé va N dic trung
cia ving nén. Khi nhan dudc cdc dic trung tif nhitng dit liéu méi, bo nhé luu trit két

hop chiing véi cac dic trung cii hién c6. Trong trudng hop sb lugng dic trung vuot qua
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ngudng N cho trudc, cic dic trung cii nhat sé dudc bo nhé giai phéng. Qud trinh nay
dién ra ddm bao cho bd nhd ludn dudc cap nhat nhiing thong tin méi tif cac mau dit lidu
mdi. Qua trinh tim ra dung luong bo nhé (V) phu hdp duge ching thoi thuc nghiém loai
suy & phan sau.

Qua trinh lay mau (Sampling). Tuong tu nhu ham mét mat ba thanh phan, dé tinh
dugc mét mat cho bd nhé luu trit véi mdt mau dif liéu mdi, bd nhé luu trit can cung cip
ba phén ti. Dic trung vung tién canh FFy,, didc trung ving nén [Fj,, va dic trung tong
quat IF,.. IF 7, vaIF, 1a cac dac trung thuc thé va viing nén bd nhd luu trit trong hai thiing
chia (Trunk). IF,,. 1a tong quat clia thuc thé tai 16p nglt nghia d6 va dudc tao ra cho moi
16p bang cach 14y trung binh cia tit ca cdc dic trung thuc thé F fo-

Goi IF;g 1a thuc thé thi i va 7 1a siéu tham s thé hién miic do cip nhit (xem thém
tai [81]). Trong céc thuc nghiém, chiing tdi st dung T = 1. Him mat mat cho bo nhé luu

tri thuc thé nguy trang dudc dinh nghia nhu Cong thiic 4.2 sau:

exp(lFaC-IF;g/‘c)
|]Fbg‘

. - 4.2)
Y0 exp(Fac I}, /T) +exp(Foc Fy, /T)

gmemory - - 10g
Téng hop lai, ham mét mat cudi ciing ctia mo hinh FS-CSIS dudc trinh bay nhu Cong
thuc 4.3 sau:

gFSfCDIS = gmrcnn + ac%riplet + Bgmemory, 4.3)

trong d6 % enn 12 cdc hAm mat mat cia Mask R-CNN [28], « va 8 1an ludt 1 trong s
can bang clia hai ham mét mat dé xut %,iper V& Lemory- Thuc nghiém loai suy vé ti

trong ctia cac ham mat mat nay dudgc dé cap & phan tiép theo.

4.4 Thuc nghiém

4.4.1 Céu hinh thuc nghiém

Nhu di dé cip & phan trudc, chiing toi sit dung tap di liéu dé xudt CAMO-FS chia

cac hinh 4nh ctia cic loai dong vat nguy trang trong tu nhién dé thiét 14p viéc danh gid mo
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hinh va céc ci tién dudc dé xuit cla chiing to6i. Chiing toi cuing st dung quy trinh thuc
nghiém dugc cdng b trong cac cong trinh trude ddy cia bai todn phat hién dbi tugng it
mau dit liéu [32, 77, 84]. Trong giai doan co s8, ching tdi huan luyén mo hinh ctia minh
v6i dit liéu phong phu tir 80 16p cuia tap dit licu COCO nhu dudc dé xuét trong [32].
Trong giai doan tinh chinh, ching t6i danh gia do chinh xac khi st dung K = {1,2,3,5}
mau cho moi 16p méi (novel class).

Dé chitng minh hiéu quéa ctia mo hinh FS-CDIS trén cic tdc vu phat hién va phan doan
thuc thé nguy trang, ching toi st dung do chinh x4c trung binh (AP - Average Precision)
va do phu trung binh (AR - Average Recall). Cu thé, ching tdi sit dung AP@50 va
AP@75, cung v6i AR@10. Ngoai ra, chung t6i ciing st dung AP va AR & cac mic do
nhd, trung binh va 16n cia kich thudc thuc thé d€ hiéu ro hon vé hiéu suat ctia md hinh.
Thong tin chi tiét vé cac do do c6 thé dudc truy cip tai trang chi cia tap dif liéu COCO
tai https://cocodataset.org/#detection-eval.

M5 hinh co s6 MTFA [20] ctia chiing tdi dudc trién khai st dung nén tang Detectron2
[80]. Chuing toi st dung kién triic backbone 14 Feature Pyramid Network [41] vdi ResNet-
101 [26] (FPN-ResNet101). C4c thuc nghiém dudc tién hanh trén mot GPU GeForce
RTX 2080Ti véi kich thuée batch 1a 2 anh. Giai doan tinh chinh c6 tbc dd hoc 1a Ir =
1.25 x 103 dudc suy ra tif ciu hinh cia MTFA. Chiing tdi 1an lugt thiét 14p cac tham s6
can bang o = 1 x 107! va B = 1 x 1072 khi ching t6i hudn luyén m hinh v6i ham mat
mét ba thanh phan & cip do thuc thé va bo nhé luu trit thuc thé. Cac tham s khac ctia

mo hinh dudgc trinh bay tai cac cong b6 TFA [77] hoic Detectron2 [80].

4.4.2 K&t qua thuc nghiém

So sanh véi cic mé hinh tién tién khac (State-of-the-art)

P& chitng minh hiéu qua ctia cic phuong phéap dugc dé xuit cia ching toi, ching toi
da tién hanh cac thi nghiém trén tap dif liéu dé xuat CAMO-FS. S6 mau K 1an lugt dudc
st dung K = {1,2,3,5} mau. Vi mot s6 cong trinh gan day chua cong bé6 ma nguodn cla
ho [25, 74], ching t6i so sanh hiéu qua cac dé xuit ctia minh v6i nhitng mo hinh da cong

bd giai quyét dong thdi hai tac vu phat hién va phan doan thuc thé. Bang 4.3 trinh bay
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BANG 4.3: So sanh d¢ chinh xdc trén tap du liéu CAMO-FS gitta cac mo

hinh tién tién nhu MTFA [20], Mask RCNNT [28], iFS-RCNN [56], va md

hinh dé xuét FS-CDIS véi ham mit mat ba thanh phan & cip do thuc thé

(-ITL) va bd nhé Iuu trit thuc thé (-IMS). Pé xuit ctia ching t6i cai thién do
chinh xac trén cac mo hinh ¢d s (cac dong td mau xam).

Mo hinh AP giai doan tinh chinh
Phuong phap Mo hivnh Phan doan thire thé Phat hién doi tugng FPS | #Params
c0 SO 1 2 3 5 Avg. | 1 2 3 5 Avg.
MTFA [20] COCO-30 248 6.67 581 640 534|198 647 582 6.17 5.11
M-RCNN' [28] ResNet-50 4.08 6.79 690 829 652|282 509 546 6.18 4.89 -
iFS-RCNN [56] 417 626 573 638 564392 606 547 6.60 5.51
MTFA [20] COCO-80 |3.66 621 6.16 595 550293 590 584 584 5.13]15.1

FS-CDIS-ITL | ResNet-101 | 446 5.57 641 848 6.23 404 728 749 976 7.14 146 | 63.9M
FS-CDIS-IMS MTFA 546 695 736 9.61 735 450 695 7.55 1036 7.34 15.0
M-RCNN' [28] | COCO-80 |4.39 7.69 7.94 10.09 7.53 ‘ 3.03 580 620 7.79 5.71 ‘ 12.2
FS-CDIS-ITL | ResNet-101 | 5.73 7.97 852 9.92 8.04 508 7.56 785 967 1734 13.0| 63.1M
FS-CDIS-IMS M-RCNN | 552 784 865 982 7.96 492 739 796 952 745 129
iFS-RCNN [56] | COCO-80 | 4.27 6.55 6.07 7.80 6.17 \ 379 628 6.01 8.08 6.04 \ 10.8
FS-CDIS-ITL | ResNet-101 | 5.35 6.01 7.80 6.23 6.35 471 566 7.10 606 588 102 | 77.4M
FS-CDIS-IMS | iFS-RCNN | 299 6.83 6.14 9.03 6.25 274 6.39 594 844 588 11.3
M-RCNN' la mé hinh Mask R-CNN [28] vdi b phdn loai sigmoid.

dénh gia do chinh xdc clia cic phuong phap dé xuat: ham mét mat ba thanh phan & cip
do thuc thé (-ITL) va bd nhé luu trit thuc thé (-IMS) trén mo hinh co s6 MTFA [20],
md hinh Mask R-CNN [28] v6i bd phan loai sigmoid, va phuong phdp tién tién nhat
iFS-RCNN [56] trong hudng tiép cin clia phan doan thuc thé it mau. Ching toi trinh
bay két qua céc thi nghiém trén nhitng mo hinh néi trén va chon backbone COCO-80
ResNet-101 1am mo hinh co s& chung dé 4p dung cic phuong phap dudc dé xuét cia
chiing tdi. Chi tiét vé su Iva chon backbone dudc trinh bay trong phan thuc nghiém loai
suy tiép theo.

Vé tac vu phan doan thuc thé, ching tdi cai thién dd chinh xac t6t hon so véi MTFA
[20], Mask RCNNT [28], va iFS-RCNN [56] v6i trung binh AP 12 6.23%, 8.04%,6.35%
nhd vao ham mat mat ba thanh phan & cip do thuc thé, va 7.35%,7.96%,6.25%, nho
vao bd nhé luu trit thuc thé. Ve tac vu phat hién ddi tuong, FS-CDIS ctia ching to6i dat
dudc cac gia tri trung binh AP 1a 7.14%,7.34%,5.88%, lan luct v6i ham mat mat ba
thanh phan & cap do thuc thé va 7.34%,7.45%,5.88% véi bo nhé luu trit thuc thé. Véi
diéu kién 1i tudng, c4c thuc nghiém can dudc thuc hién ngau nhién nhiéu l1an (khoang 10
lan) va 14y két qua trung binh dé thé hién tinh khéch quan. Tuy nhién, cic thuc nghiém

trén day dudc ching tdi thuc nghiém mot 1an v6i mdi cau hinh vi tai nguyén han ché.
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Do chinh x4c chi tiét cia cac phuong phap cia ching tdi dudc trinh bay trong Bang 4.3.
Miic du két qua gidi c6 han, ching tdi da cai thién do chinh x4c cac mo hinh tién nhiém
trén cac tdc vu phat hién va phan doan thuc thé trén hinh anh nguy trang. Két qua phan
doan thuc thé dudc cai thién hon nhd vao céc dé xuét phuc vu nhanh tic vu nay.

Panh gia do chinh xac cac thanh phan dé xuét

Bang 4.4 trinh bay két qui cia md hinh co s6 MTFA [20] véi cAu hinh mic dinh
ban diu ciing véi cac cdi tién duge dé xuét ciia chiing t6i, 1an lugt 12 ham mat mat ba
thanh phan & cip do thuc thé va bd nhd luu trit thuc thé. Trén nén tang cia mo hinh co
s6 MTFA [20], ching tdi thiét 1ap thuc nghiém cic ciu hinh tinh chinh bing cach huin
luyén tat ca cac dau ra phan loai, dau ra du doan khung bao va dau ra du doan nhin mit
na trén dit liéu méi it mau dé phan doan thuc thé nguy trang. Cac két qua dudc trinh bay
chiing minh tinh hiéu qua ctia hAm mét mat ba thanh phan & cip do thuc thé va bd nhé
luu trit thuc thé ma chiing t6i gidi thiéu.

Nhin chung, cic phuong phdp ciia ching tdi dat dudc két qua cao hon so v6i cac mo
hinh co s&. Khi phan doan thuc thé, phuong phap ctia chiing tdi ting lan ludt 1.9%,3.5%,
va 2.3% vé AP, AP@50, va AP@75. Két qua nay thé hién hiéu qua ctia cac phuong phéap
ctia chuing toi trong bdi canh it mau dif liéu thuc thé nguy trang. C4 hai dé xuit déu ting
kha niing phan biét giifa cac diic trung thuc thé va ving nén, gitip md hinh phan doan
tot hon cac diém anh thudc vé cac loai dong vat nguy trang. Két qua cta bd nhé luu trit
thuc thé cao hon két qua ctia ham mét mét ba thanh phan & cip do thuc thé khoang 1%.
Chiing tdi nhan thiy viéc luu trit cac dai dién cho mdi 16p 12 mot yéu t6 quan trong trong
tac vu hoc it mau. Ky thuat ndy khong chi mé rong s6 luong cac bién thé trong qua trinh
huin luyén ma con ting tinh tdng quit cho mdi 16p ngit nghia, do d6 mo hinh c6 thé
phan doan cic ddi tuong kho t6t hon. Theo nhiing cach nay, ching t6i ciing cai thién cac
két qua tuong dng v6i cac do do khac trong viéc phat hién ddi tugng nguy trang.

Trong Bang 4.4, cic cai tién ctia chiing toi gitip mo hinh phan doan céc loai dong vat
& nhiitng kich thuéc khac nhau. Cu thé, tit ca ba chi s& bao gdm APs, APm va AP1 déu
cai thién so v6i mo hinh co s3, cho thiy mo hinh clia ching to6i phan doan tot cac loai

dong vat nhd, trung binh va 16n. Hién tugng nay cling xay ra tuong tu trén tac vu phat
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BANG 4.4: Do chinh x4c clia hAm méit mat ba thanh phan & cip do thuc

thé va bo nhé Ivu trit thuc thé cla ching tdi trén md hinh MTFA [77]. Két

qua tot nhét dugc in dam. # ki hiéu sd lugng mau, “Memory" 1a Instance
Memory Storage and “Triplet" 1a Instance Triplet Loss.

#| Phuongphip | AP | AP50 [ AP75| APs [ APm [ APl | AR1 | AR10 | ARs | ARm | ARI
Phan doan thuc thé
Baseline MTFA 3.66 | 5.37| 4.09 2242 | 435] 201 |11.30| 13.58 | 25.97 | 12.96 | 12.53
1 | MTFA + Triplet 446 | 821 | 4.60 2133 | 4.13| 4.01 | 12.36 | 15.04 | 23.17 | 9.49 | 16.67
MTFA + Memory | 546 | 9.20 | 6.17 | 27.79 | 6.20 | 4.01 | 17.08 | 19.99 | 29.41 | 11.45 | 20.89
Baseline MTFA 6.21 | 892 | 7.28 (3264 | 7.75| 3.50| 18.88 | 21.12 | 35.82 | 15.49 | 20.14
2 | MTFA + Triplet 5.57| 945| 6.04 2583 | 301 | 5371567 | 17.33 |26.13 | 7.37 | 17.50
MTFA + Memory | 6.95| 10.72 | 7.60 | 33.62 | 5.73 | 6.44 | 20.00 | 22.15 | 34.25 | 13.86 | 20.92
Baseline MTFA 6.16 | 8.95| 6.68 |33.74| 6.19 | 5.08 |20.25| 22.95 | 36.83 | 16.31 | 21.63
3 | MTFA + Triplet 6.41 | 10.67 | 6.72 | 30.39 | 5.17 | 5.30 | 20.69 | 22.98 | 31.90 | 15.69 | 22.53
MTFA + Memory | 7.36 | 11.23 | 8.49 | 37.03 | 6.24 | 5.64 | 24.40 | 27.69 | 38.44 | 17.02 | 26.71
Baseline MTFA 595 8.67| 6943471 | 6.25| 4.85|21.29 | 24.42 | 36.86 | 14.51 | 24.83
5 | MTFA + Triplet 8.48 | 1343 | 9.80|36.66 | 575 | 8.04 | 23.83 | 26.66 | 37.03 | 11.62 | 2591
MTFA + Memory | 9.61 | 14.61 | 11.73 | 38.60 | 5.79 | 10.40 | 26.65 | 30.37 | 39.21 | 12.26 | 30.02
Phat hién doi tugng
Baseline MTFA 293 | 5.86| 2.20(2095| 4.18| 2.03| 9.25| 10.84 | 21.74 | 1149 | 8.77
1 | MTFA + Triplet 404 | 8.65| 298 |2050| 490 | 4.22|12.89 | 15.53 | 20.73 | 11.45 | 17.46
MTFA + Memory | 450 | 9.14 | 3.45|22.88 | 5.61 | 354 |13.14 | 1522 |23.14 | 8.78 | 16.33
Baseline MTFA 590 | 8.87| 6.8333.04| 974 | 3.10 | 17.26 | 19.25 | 34.04 | 15.74 | 19.61
2 | MTFA + Triplet 7.28 | 11.22 | 8.25 | 32.31 | 10.72 | 6.83 | 20.52 | 22.69 | 32.34 | 14.88 | 23.52
MTFA + Memory | 6.95| 10.88 | 7.75 3393 | 749 | 6.81 | 19.84 | 22.01 | 34.10 | 15.04 | 21.47
Baseline MTFA 584 | 898 | 6.29 3456 | 7.78 | 4.31|19.13 | 21.83 | 35.80 | 15.93 | 21.09
3 | MTFA + Triplet 749 | 11.51 | 8.23 | 38.45| 8.61 | 6.38 | 24.88 | 27.52 | 38.55 | 17.66 | 27.44
MTFA + Memory | 7.55| 1145 | 8.50|38.07 | 9.21 | 5.70 | 24.20 | 27.29 | 38.50 | 18.10 | 27.56
Baseline MTFA 5.84 |1 9.13 | 6.04 | 3544 | 8.17 | 422 |19.67 | 2296 | 35.94 | 14.16 | 22.58
5 | MTFA + Triplet 9.76 | 14.37 | 11.12 | 40.05 | 8.82 | 9.89 | 2593 | 29.28 | 40.05 | 12.53 | 30.32
MTFA + Memory | 10.36 | 16.27 | 11.79 | 39.32 | 8.08 | 11.36 | 26.34 | 30.30 | 39.35 | 12.37 | 30.91

hién d6i tuong. Khi di liéu rat khan hiém nhu trong trudng hop 1 mau hodc 2 mau, ham
mét mat ba thanh phan & cip do thuc thé c6 két qua tuong duong véi bd nhé luu trit thuc
thé. Tuy nhién, trong bbi canh huén luyén trén 3 mau hodc 5 miu (nhiéu dit liéu hon), bd
nhé luu trit thuc thé thé hién hiéu qua xuit sic hon nhd vao viéc luu trit va cip nhat bo
nhd qua cac 1an lip d€ tao ra cac dic trung phan biét & cAp do toan cuc. Hinh 4.7 minh
hoa su so sanh truc quan giita cdc két qua cta cau hinh huin luyén véi 5 miu ctia md
hinh co s6 MTFA [20] va c4c phuong phap dugc dé xuét cla chiing toi. Chiing toi chon
d€ truc quan héa cac hinh anh nay véi ngudng tin cay khi du dodn 12 0.5, do d6 s6 lugng
16n cac du dodn c6 do tin ciy thip tif cac mo hinh dugc loai bd. Hai hang cudi 1 nhiing
trudng hop thich thifc ma ca hai dé xult clia ching t6i déu chua thé xit 1y tot cac thuc

thé nguy trang nay.
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4.4.3 Thuc nghiém loai suy

BANG 4.5: Thuc nghiém loai suy trén cac mo hinh ¢ sé v6i 1 mau dit liéu
huén luyén. Két qua tét thif nhit va thi hai dugc t6 mau do, va xanh. “Mem-
ory" la Instance Memory Storage va “Triplet" 1a Instance Triplet Loss.

Phan doan thuc thé | Phat hién d6i tueng
AP | AP50 | AP75 | AP | AP50 | AP75
COCO-80 R-101 | 4.46 | 8.21 | 4.60 | 4.04 | 8.65 | 2.98
COCO-80R-50 | 3.68 | 6.79 | 3.81 | 2.85| 6.67 | 1.65

Phuong phap | Mo hinh co s6

Triplet COCO-60R-101 | 3.87 | 626 | 3.90 | 3.37 | 651 | 2.69
COCO-60R-50 | 2.56 | 425 | 279 | 228 | 4.13 | 2.26
COCO-80R-101 | 5.46 | 920 | 6.17 | 450 | 9.14 | 3.45
COCO-80R-50 | 3.87 | 6.81 | 3.91 | 340 | 6.94 | 2.76

Memory

COCO-60 R-101 | 2.89 | 450 | 3.26 | 2.76 | 4.66 | 2.81
COCO-60 R-50 | 2.63 | 450 | 3.02 | 2.25 | 4.50 | 1.65

Thuc nghiém loai suy chon cac mé hinh co s6 (backbone)

Chiing tdi cling tién hanh cic thi nghiém dé chon ra mo6 hinh co s phi hgp dugc
huan luyén sin trén tip COCO. Cu thé, chiing t6i thuc nghiém do chinh xac ctia phuong
phap dudc dé xuit clia chiing t6i vé hAim mat mat ba thanh phan & cip do thuc thé va bd
nhd luu trit thuc thé trén bén mé hinh co s& khac nhau. Cac md hinh co sé dudc xem xét
la ResNet-50 va ResNet-101 [26]. Hai tap dit liéu co s6 1a MS-COCO véi 80 16p va 60
16p. Do d6, su két hop clia ching tao ra bdn mo hinh co s& khac nhau (tic 1a COCO-80
R-101, COCO-80 R-50, COCO-60 R-101 va COCO-60 R-50). C6 thé thiy tir Bang 4.5,
dd chinh xdc ciia viéc 4p dung mo hinh co s6 COCO-80 R-101 cho két qua t6t hon so véi
cac mo hinh khac dugc danh gia qua AP, AP@50 va AP@75 trong ca hai tac vu phan
doan thuc thé va phat hién dbi tuong. Trong c4 hai trudng hop véi hai cai tién dudc dé
xuat, két qua thuc nghiém cho thiy viéc lua chon COCO-80 R-101 14 phit hop nhét trong
s6 cdc mo hinh co s dudc kiém thi & giai doan co s6. D6i véi tic vu phan doan thuc
thé, chiing tdi dat dudc 4.46% va 5.46% AP lan lugt cho ham mit mat ba thanh phan va
bd nhé luu trit thuc thé. Dbi véi tac vu phét hién ddi tudng, chiing tdi dat dudc 4.04% va
4.50% AP lan ludt cho hai dé xuat. Tém lai, md hinh co sé dudc chon cho hiéu suét cao
hon khoang 1% dén 2% véi cac chi sd danh gid nhu trong bang sb lidu. C6 thé giai thich

rang, mo hinh co s véi dit lidu tit COCO-80 chifa nhiéu khdi niém ngit nghia hon so véi
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md hinh co s8 véi dit liéu COCO-60 (nhiéu hon 20 16p dit liéu), dan dén hiéu suit cao
hon. Luu y rang tit ca cac két qua trong phan thuc nghiém loai suy nay dugc thuc hién
cho cau hinh 1 mAu dit liéu huin luyén (1-shot).

BANG 4.6: Thuc nghiém loai suy trén trong s « va tham sb margin cla

ham mét mat ba thanh phan & cip do thuc thé trén ciu hinh 1 mau dit liéu
huan luyén. Két qua tot thi nhat va thi hai dugc t6 mau do, va xanh.

AP Phan doan thuc thé Phat hién d6i tuong
. Margin | ' 025 050 075 1.00| 0 025 050 075 1.00
1 389 450 392 5.16 443|334 3.65 322 422 3.68
110! 482 474 446 458 457|436 427 4.04 416 3.9
1x 102 429 474 4.69 446 4.39|4.02 397 424 4.06 3.1

Thuc nghiém loai suy trén ham mét mat ba thanh phan & cip do thuc thé

Vé ham méit mat ba thanh phan & cip do thuc thé dudc mod ta trong Cong thiic 4.1,
chiing t6i thiét 1ap cac thi nghiém loai suy d€ danh gia dd chinh xdc ctia mo hinh véi céac
cu hinh khac nhau ctia tham sb margin va gia tri trong s6 . D€ 1am diéu nay, chiing toi
thiét 1ap margin thay d6i tir 0 dén 1, véi bude nhay 1a 0.25. D6i véi ty 1& o ctia hAm mat
mat (Cong thiic 4.3), chiing t6i ki€ém thit @ = {1,1 x 107!, 1 x 1072}. V& y nghia, gi tri
margin chi ra su phan biét gitta cac dic trung viing nén va thuc thé. Trong khi d6, trong
s6 o diéu khién mic d6 anh hudng ctia hAm mat mat ba thanh phan & cip do thuc thé dbi
v6i ham méat mat tdng ctia mo hinh FS-CDIS. Bang 4.6 trinh bay danh gia c4 hai tic vu
phét hién va phan doan thuc thé trén cAu hinh 1 mAu di liéu huin luyén. Vay, anh hudng
ctia trong s6 « quyét dinh margin ndo nén dudc chon cho ham méit mat ba thanh phan &
cp do thuc thé. Vi a = 1 ¢6 nghia 14 ching t6i gilt nguyén ty 1é ciia ham mat mat, két
qua phan doan trong cAu hinh 1 miu dit liéu cho hiéu suét cao nhit 1a 5.16% mAP véi
gia tri margin 12 0.75. Trong khi do, két qua phat hién ddi tugng c6 hiéu suét cao nhét la
4.36% véi o = 1 x 10~ ! va khdng c6 margin. Bang nay cung cip phan tich cu thé vé tc
dong cia trong sd o va tham sd margin d6i v6i hidu suat tong thé cia mo hinh.

Thuc nghiém loai suy trén bo nhé luu trir

Nhu da gi6i thiéu trong Cong thiic 4.2 va Cong thiic 4.3, bd nhé luu trit thuc thé ¢

mot s6 tham sd can dudc phan tich, nhu 12 dung lugng ctia bd nhé luu trii capacity va
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BANG 4.7: Thuc nghiém loai suy trén tham s stic chia capacity ctia bd
nhé luu trit thyc thé trén cAu hinh 1 miu dit liéu huin luyén. Két qua tot thi
nhat va thi hai dudc té6 mau do, va xanh.

Phan doan thuc thé | Phat hién d6i tweng
AP | AP50 | AP75 | AP | AP50 | AP75
32 [456| 730 | 5.02 [3.85] 7.72 | 291
64 | 451 | 7.67 | 449 [3.94 | 837 | 2.84
128 [ 453 755 | 487 [4.13| 7.98 | 3.62
256 | 456| 7.50 | 5.02 [ 4.01 | 822 | 3.39
512 476 | 757 | 537 | 448 825 | 4.44
1024 [ 4.72] 8.06 | 520 [4.14 | 8.45 | 3.79

Capacity

trong s6 B diéu khién mic dd anh hudng ctia hAm mat mat bo nhd Ivu trit trong ham mét
mat tdng. Bang 4.7 va Bang 4.8 trinh bay két qua thuc nghiém loai suy cta nhiing yéu td
néi trén. Vé dung lugng ctia bo nhé luu trit, chiing tdi thiét 1ap cac thuc nghiém trén mot
pham vi dung Iugng bd nhé 1a 2 véi i = {5,6,7,8,9,10}. Céc két qua dugc bdo cdo cho
thiy do chinh x4c trén ca hai tidc vu phan doan thuc thé va phat hién dbi tuong déu ting
1én v6i dung luong bo nhé 16n hon. Cu thé, v6i dung luong 512, chi s6 mAP dat dugc
gia tri cao nhét trong sd cdc ciu hinh, tdc 1a 4.76% va 4.48% cho phan doan thuc thé
va phat hién ddi tugng. Nhiing két qua nay bi€u hién su hiéu qua clia cac phuong phap
clia chiing t6i dé xuat trong bdi canh it mau thuc thé nguy trang dudc dung cho qua trinh
huin luyén. C4 hai ham mét mat déu ting kha ning phan biét gitta cac dic trung nén va
thuc thé, gitip md hinh phan doan cic diém anh thudc vé cic loai dong vat nguy trang tot
hon. Pbi v6i bo nhé luu trit thuc thé va haim mat mat ba thanh phan & cap do thuc thé,
két qua ctia bo nhd luu trit cao hon két qua ctia ham méat mat ba thanh phan khoang 1%.
Chiing t6i nhan ra ring viéc luu trif cic dai dién cho mdi 16p 1a mét yéu t6 quan trong
trong hudéng tiép can hoc it dif liéu. Ky thuat nay khong chi mé rong cac bién thé trong
qué trinh huén luyén ma con ting tinh nhét quan cho mdi 16p ngit nghia, do d6 mé hinh
c6 thé phan doan cic thuc thé nguy trang tot hon. Ngoai ra, Bang 4.8 biéu thi su hiéu
qua ctia bo nhd luu trit ddi v6i ham mat mat tdng. C6 thé suy ra, trong sd B =1 x 1074
cho két qua hiéu suét cao nhit dudc danh gid trén d6 do mAP, AP50 va AP75 trong sb

tat ca cac cau hinh dudc tht nghiém.
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BANG 4.8: Két qua thuc nghiém loai suy trén trong s6 B ctia bo nhé luu trit
thuc thé trén cAu hinh 1 miu dit liéu huin luyén. Két qua t6t thit nhit va thi
hai dugc t6 mau do, va xanh.

Phan doan thuc thé | Phat hién doi tueng

B AP | AP50 | AP75 | AP | AP50 | AP75
1x1071[336] 658 | 291 [3.69] 8.02 | 2.90
1x1072 457 802 | 474 |3.73] 778 | 2.76
1x103 451 715 | 467 |3.87] 7.16 | 3.51
1x107%|5.12] 871 | 554 | 4.58] 9.23 | 3.69
1x107° [ 444 ] 758 | 3.89 | 406 | 7.99 | 3.63

4.5 Tam két

Trong phan nay, ching toi trinh bay dé xuit d€ khai thac hiéu qua dic trung mang
tinh phan biét cao cia thuc thé nguy trang trong bbi canh st dung it mau dif liéu huin
luyén. V6i md hinh FS-CDIS, ching t6i gidi quyét bai toan phan doan thuc thé nguy
trang v6i huéng tiép can st dung it dit liéu huin luyén. Cu thé, ching t6i da dé xuit ham
mat mat ba thanh phan & cip do thuc thé va bo nhé luu trit thuc thé dé ting cudng kha
ning nam bat thong tin vé thuc thé nguy trang ctia md hinh véi it dit liéu hun luyén.
Pong thdi, ching toi ciing cong bd tap dit liéu CAMO-FS, mot trong nhitng tap dit liéu
dau tién cho bai toan phan doan thuc thé nguy trang, dudc tao 1ap cau triic cho hudng tiép
can st dung it dit liéu huan luyén. Cac thuc nghiém chinh va thuc nghiém loai suy chiing
toi thuc hién da chitng minh hiéu suit cac phuong phéap dé xuét, va dua ra mot cai nhin
chi tiét d€ chitng minh cho cédc 1y thuyét hay céc 1ap luan trong dé xuit ctia ching toi.
Céc dé xuit trong phan nay dudc dudc tong hop thanh cong trinh khoa hoc va ban tém
tat da dudc cong bd tai hoi thao CV4Animals - Computer Vision for Animal Behavior
Tracking and Modeling (CVPRW?2022) [CT2], toan van cong trinh da ndp va dang cho
phé duyét tai tap chi SIViP - Signal, Image and Video Processing [CT3]. Trong tuong
lai, véi huéng tiép can nay, ching t6i mong mudn cé thé mé rong v6i nhiéu mau huin
luyén hon hoic ting cudng dic trung vé ngif canh d€ cii thién do chinh xdc phan doan

thuc thé nguy trang.
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MTFA + Triplet
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Image MTFA Baseline
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HiNH 4.7: Két qua so sanh dinh tinh giita mo hinh baseline MTFA [20] va

céc dé xuit cia ching t6i. Két qua dudc iy tif ciu hinh 5 mau huan luyén.

“Memory” la Instance Memory Storage va “Triplet” 1a Instance Triplet

Loss. Céc thuc thé dudc du doan v6i ngudng tin cay 1a 0.5, s6 luong du

doan khong dang tin ciy phan 16n da dudc loai bd. Hai hang cubi cling thé

hién céc trudng hgp ma ham mét mat ba thanh phan hoic bd nhé luu trit
thuc thé chua gidi quyét duoc.

MTFA + Memory Ground-truth
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Chuong 5
KET LUAN

5.1 Két qua dat dugc

Nhu da gidi thiéu & phan md dau, bai todn phan doan thuc thé nguy trang 13 mot bai
toan c6 tiém ning Wng dung thuc tién dé phuc vu cudc sdng clia con ngudi. Bing viéc
khai thac cac dac trung nguy trang mot cach hiéu qua, ching téi cai thién do chinh xac
ctia cdc md hinh hoc sau khi thuc hién tdc vu phan doan thuc thé nguy trang, phan nao
giai quyét dudc tic vu khé khin nay. Ching tdi mong rang cac két qua nghién ctiu nay
dong gép mot buée phat trién ctia nhanh nghién ciu dic thu trén d6i tuong nguy trang
néi chung va gép phan rit ngian khoang cach tir ly thuyét dén ting dung thuc tién ctia bai
toan nay.

Téng két lai, trong dé tai ndy, ching toi nghién ciu giai quyét bai toan phan doan
thuc thé nguy trang véi hudng tiép can khai thac hiéu qui cic dic trung c6 tinh phan
biét cao. O chuong Gidi thiéu dé tai, ching toi da trinh bay tdng quan vé bai todn véi bdi
canh thuc tién, phat biéu bai todn cuing v6i muc tiéu, ly do thuc hién dé tai va néu quan
di€m, 1ap luan cta chiing tdi khi gidi quyét bai todn nay v6i huéng tiép can khai thac dic
trung phan biét. K& dén, ching t6i trinh bay Cac cong trinh lién quan véi tdng quan vé
cac nghién ciu trén thuc thé nguy trang, cic kién triic mo hinh c6 lién quan dén bai toan
nghién cifu va cic tip dit liéu dic thu dugc cong bd truée day. Chuong 3 va Chuong 4
trinh bay chi tiét Iy thuyét va thuc nghiém ctia céc phuong phap do ching t6i nghién citu,
dé xuét, gobm c6 md hinh Transformer mot giai doan CE-OST khai thic hiéu qua dic

trung bién canh, mo6 hinh FS-CDIS dic thu cho ngit canh hoc véi it dit liéu huén luyén,
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va tip dit lidu CAMO-FS tién phong cho nghién ctiu bai todn phan doan thuc th€ nguy
trang st dung it dit liéu huén luyén. Bén canh céc thuc nghiém chinh, v6i mdi phuong
phap dé xuit, ching t6i cling thuc hién cic thuc nghiém loai suy dé chiing minh tinh
hiéu qua cta cdc yéu td ciu thanh phuong phéap clia ching toi.

Qua céc dong gép da trinh bay trong luin vin ndy, chiing to6i cong bd cic cong trinh

khoa hoc rong rii trong cong dong nghién ctiu qudc té véi cac di€ém chinh sau:

Mot 13, nghién ciiu, d& xuit mo hinh CE-OST [CT1] dua trén kién tric Transformer

tdng cudng dic trung bién canh (contour emphasis) trén thuc thé nguy trang.

* Hai la, nghién cuu, dé xuit mod hinh FS-CDIS [CT2, CT3] dic thu cho ngl canh
it dit liéu d€ gidi quyét bai todn phan doan thuc thé nguy trang dua trén ky thuat
hoc tuong phén (contrastive learning) v6i ham loss ba thanh phan (triplet loss) va

st dung bd nhd luu trit (memory storage).

* Ba 13, dé xuét tap dit lieu &Anh CAMO-FS [CT2, CT3] cho bai toan phat hién va
phan doan thuc thé nguy trang, dudc tinh chinh va tao 1ap cu triic cho hudng tiép

can hoc it du liéu.

Tuy dat dugc mot sb cai tién nhit dinh, hudng nghién ctiu chiing t6i theo dudi con
ton tai nhiéu thach thic can dudc gidi quyét. D6 1a cac thach thic lién quan dén dif liéu
va thach thiic lién quan dén mo hinh hoc. Vé véan dé thiéu dif liéu, cdc tac vu trén thuc
thé nguy trang gip khé khin khi thu thap dit liéu thuc té tir cac loai dong vat nguy trang
va tiéu tén nhiéu chi phi d€ gan nhén chi tiét phuc vu cho bai toan dic thi nay. Bén canh
do, ching t6i ciing gip phai thach thic lién quan dén cdc mo hinh phan doan thuc thé
hién nay, tuy thé hién t6t trén mién dit liéu tong quat, ching chua dudc tinh chinh dé cho
do chinh x4c tot khi du dodn trén d6i tuong nguy trang. Hay néi cach khic, cic mo hinh

chua khai théc t6t yéu t6 nguy trang dic thi clia cac thuc thé nay.
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5.2 Hudng phat trién

Dua trén nhitng két qua va kinh nghiém tif nghién ctiu ndy, chiing toi dé xuit mot s6

hudng phat trién dé tai sau day:

5.2.1 Cai tién cac diic trung c6 tinh phan biét cao

Trong ludn vin nay, ching t6i dé xuit mo6 hinh CE-OST tap trung vao khai thac hiéu
qua cdc dic trung G vang bién canh vt thé. Viéc ting cuong cac dic trung & ving bién
canh gitip tdch biét rd rang ving nén va vung thuc thé, tif d6 giip mo hinh hoc c6 kha
ning dua ra du doan t6t hon. Tuy nhién, cdc dic trung c6 tinh phan biét cao khong chi
gidi han 6 cac dac trung & vung bién canh. Vay, viéc khai thac cac loai dic trung c6 tinh
phan biét cao khdc cling c6 tiém niing gitip cai thién hiéu suét cho bai toan phan doan
thuc thé nguy trang. Cac dic trung c6 thé xem xét nhu dic trung dic thi cia mdi thuc
thé thudc ciing mot 16p ngit nghia, hay dic trung dic thii cia viing nén. Yéu td ngit canh
c6 thé dugc xem xét dé€ bd sung dic trung cho qua trinh phan doan. Ngoai ra, viéc thiét
ké kién triic mo hinh mang dic thii cho viéc riit trich dic trung nguy trang cling c6 tiém

niang d€ phat trién trong tuong lai.

5.2.2 Ap dung hudng tiép cin cho bai toan trén anh y khoa

Céc dic trung nguy trang la cic dic trung gitip cho cdc thuc thé nguy trang an minh
vao moi trudng xung quanh, ngan can su phat hién cua thi giac hay cac mo hinh xt ly
dnh. Nhan thiy cic diic trung nay khong chi ton tai & cac loai dong vat nguy trang, cic
thuc thé€ trong 4nh y khoa (dnh RGB) nhu cdc bd phan noi tang, cac ving bénh hay cac
khbi u ciing chifa céc loai dic trung tuong tu khi c6 mau sic hay hinh ddng tuong dong
v6i cdc bd phan, t& bao khac. Vi thé, chiing tdi ky vong huéng tiép can st dung dic trung
phan biét c¢6 thé dugc 4p dung d€ ting cudng dic trung cta cac thuc thé cin phan doan

trén anh y khoa.
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Abstract—Understanding camouflage images at instance level
is such a challenging task in computer vision. Since the cam-
ouflage instances have their colors and textures similar to the
background, the key to distinguish them in the images should
rely on their contours. The contours seperate the instance from
the background, thus recognizing these contours should break
their camouflage mechanism. To this end, we address the problem
of camouflage instance segmentation via the Contour Emphasis
approach. We improve the ability of the segmentation models
by enhancing the contours of the camouflaged instances. We
propose the CE-OST framework which employs the well-known
architecture of Transformer-based models in a one-stage manner
to boost the performance of camouflaged instance segmentation.
The extensive experiments prove our contributions over the
state-of-the-art baselines on different benchmarks, i.e. CAMO++,
COD10K and NC4K.

Index Terms—Camouflage Image Understanding, One-Stage
Instance Segmentation, Transformer-based model

1. INTRODUCTION

In nature, animals conceal themselves from their enemies by
blending in with their environment [1]. That is the so-called
camouflaged animals or camouflaged instances. Various ap-
plications can be considered via autonomously distinguishing
those instances e.g., search-and-rescue missions, wild species
discovery, preservation campaign [2] and media forensics
(manipulated image/video detection and segmentation [3]); or
even in the medical domain where the tumors, polyps or cells
seems to be similar to other cells [4]-[6]. Despite the long
development history of image segmentation methods, gen-
eral segmentation models cannot deal well with camouflaged
instances [7]-[10]. At first, traditional approaches [11]-[18]
utilized low-level handcrafted features for simple camouflaged
images. Recent models with a learning-based approach rely on
large-scale datasets [2], [19] to address camouflaged object
segmentation.

The concealing mechanism of camouflage animals aims to
merge their texture and color with the surroundings. Therefore,
human vision fails to recognize those instances at a glance.
However, such boundaries of the camouflaged animals can
hardly be disappeared. In this work, based on the biological
assumption, we propose a method to enhance the boundary
of the camouflaged instance with the purpose of supporting
the segmentation models to segment the instances. Inspired
by the work on boundary detection [20]-[23], we enhance the
boundary of the camouflaged instances in the images so that

the segmentation model can better differentiate the instances
from the background.

Furthermore, recent work on computer vision has achieved
a significant explosion in performance since the work [24]
on Transformer architecture. Lately, the methods are applied
commonly to the computer vision domain [25], [26]. Specif-
ically, the performance of instance segmentation models has
also improved thanks to transformer architecture [27]-[30]. In
this work, we follow OSFormer [30] which is the first one-
stage transformer-based framework designed for this task.

To summarize, in this work, we propose a simple yet effec-
tive boundary enhancement module in a plug-and-play manner.
We focus on addressing camouflaged image instance segmen-
tation via a one-stage transformer-based model. To this end, we
propose the Contour Emphasis for One-Stage Transformer-
based Camouflage Instance Segmentation, dubbed CE-OST
framework. To prove our method, we conduct experiments on
the three well-known benchmarks in this camouflage domain,
ie. CAMO++ [31], CODI10K [19], and NC4K [32]. The
reported results demonstrate the performance of our proposed
method over state-of-the-art baselines.

The rest of this paper is organized as follows. Section
IT reviews related work on camouflage research, Section III
presents our proposed method - CE-OST. In Section IV, exten-
sive experiments and ablation studies prove the effectiveness
of our proposal. Finally, Section V concludes our work.

II. RELATED WORK
A. Camouflaged Research

Early approaches mainly exploit low-level handcrafted fea-
tures, including color features, edge, texture, and bright-
ness [33]-[35]. Recent studies have taken advantage of the
large capacity of deep networks to recognize more intricate
characteristics of camouflage, enhancing the performance of
detecting camouflaged objects. Zhai et al. [36] utilized a
mutual graph learning technique to interactively train the
boundaries and regions of camouflaged objects. PFNet [37]
was designed to simulate the natural process of predation.
Le et al. [2] introduced Anabranch network that combines
both object classification and segmentation. SINet [19] tried to
mimic the predators’ hunting behavior by containing two main
modules for locating and identifying the camouflaged objects.
Lyu et al. [32] designed a network that ranks concealed



TABLE 1
COMPARISON AMONG CAMOUFLAGE DATASETS
(WITHOUT NON-CAMOUFLAGED IMAGES).

Dataset #Annot. #Meta- | #Obj.  Bbox. Obj. Ins.
Camo. Img. Cat. Cat. GT Mask GT | Mask GT
CAMO [2] 1,250 2 8 X v X
CODI0K [19] 5,066 5 69 v v v
NC4K [32] 4,121 5 69 v v v
CAMO++ [31] 2,695 10 47 v v v

objects while simultaneously localizing and segmenting them
to enhance prediction accuracy. A dual-stream MirrorNet [38]
was proposed to capture various scene layouts while TINet
[39] interactively refined texture and segmentation features at
multiple levels. Le et al. [31] presented CFL approach which
integrates various models via learning image contexts.

B. Instance Segmentation

Instance segmentation in computer vision involves identi-
fying individual objects and generating their corresponding
masks. Existing methods can be divided into two categories:
Two-stage and One-stage approach. Methods in the first
group employ a traditional detect-then-segment scheme that
initially identifies Regions of Interest (ROIs) using bounding
boxes and subsequently generates local pixel-level instance
segmentation [40]. Mask RCNN [41], built upon Faster RCNN
[42], is a well-known approach that incorporates an additional
mask-prediction branch at the instance level. Mask Scoring
RCNN [43] includes a MaskIOU head on top of Mask RCNN
to evaluate the quality of the predicted instance masks. Cas-
cade Mask RCNN [44] is a multi-stage architecture including
a series of detectors trained with increasing IOU thresholds
to filter out false positives more effectively. PANet [45] was
proposed to shorten information flow and enhance the feature
extractor by designing a bottom-up path augmentation. Blend-
Mask [46] initially generates dense yet shallow positional
sensitive instance features for each pixel. Then, a blender
module will merge the features for each instance to produce
an attention map. Moreover, Chen et al. [47] presented the
HTC to combine both detection and segmentation features
for joint processing. Recently, DCNet was introduced [48]
with a de-camouflaging mechanism to extract the camouflage
characteristics.

In the second category, single-stage methods adopt the
anchor-free object detection approach. YOLACT [49] is the
first method that attempts real-time instance segmentation by
combining the results of two parallel tasks: generating a set
of non-local prototype masks and predicting per-instance mask
coefficients. SOLO [50], [51] redefines instance segmentation
as predicting categories then generating masks. This method
utilizes semantic categories to locate the center of the instances
and separates mask prediction into dynamic kernel feature
learning. Consequently, the output masks are generated with-
out the need to compute bounding boxes. CondInst [40] can
solve instance segmentation with fully convolutional networks
while eliminating the ROI cropping and feature alignment.

C. Camouflaged Datasets

CHAMELEON [52] and Camouflaged Animals [53] are
the first two camouflage datasets providing mask annotations.

However, the sizes of the test datasets are less than 300,
which is insufficient for deep learning methods. Regarding
object detection task, MoCA dataset [54] was introduced
which contains only bounding box ground-truth. In terms of
suitable instance segmentation datasets, i.e. [2], [19], [31],
[55], we carefully describe in Section IV. Table I provides
a comprehensive comparison on our chosen datasets.

ITII. PROPOSED METHOD
A. Overview our CE-OST framework

Our proposed framework of Contour Emphasis for One-
Stage Transformer-based Camouflage Instance Segmentation,
dubbed CE-OST, is illustrated in Figure 1. There are two
main blocks: Contour Emphasis Block and Transformer Block.
A camouflaged input image should go through the two blocks
before meeting the Fusion Module at the end of the framework
to return the segmentation mask. Our proposed Contour Em-
phasis Block can be considered a portable plug-and-play com-
ponent. The image passing through this block has its boundary
enhanced. Then, the enhanced image continues its journey to
perform feature extraction via a CNN model. The extracted
features join the One-Stage Transformer Block to conduct
instance segmentation masks. The details are explained in the
following.

B. Contour Emphasis Method

Boundary plays an important role in supporting our vision
to recognize the whole shape of an arbitrary instance or object.
Since the work on handcrafted features like Canny Edge
Detection to work applied deep methods like HED [22], or
COB [20], [21] set the very outstanding performance on edge
detection. In this work, we propose a Contour Emphasis ap-
proach to enhance the visual features of camouflaged instances
to improve the segmentation model. In Figure 1, we present
the Contour Emphasis (CE) Block that takes the responsibility
of fusing the boundary to the original image.

Originating from HED [22], we adopt a multi-scale con-
volutional network with a pre-trained VGG-16 backbone [56]
to detect the instance boundary. First, the whole CE Block is
trained on an edge detection dataset, dubbed BSD500 dataset
[57]. The losses are computed at multi-scale with pixel-wise
cross-entropy loss and fused into a total loss in the end. To
reduce the edge annotation cost, we utilize the trained model
to predict the camouflaged image boundary. The contours are
then added to the original images to enhance their appearances.

Accordingly, there are several ways of contour combination.
Therefore, we empirically choose the two methods, i.e color
contrast (1) and brightness addition (2). In the brightness
addition, we straight forward add the boundary result to
the image (pixel-wise value addition). In the color contrast
method, we perform addition on the compensation value of
the pixel at the corresponding pixel-wise location. In Figure
3, readers can compare the visual differences between the two
methods of our contour fusion. To overcome some intensive
cases where the texture is too complex, we conduct a simple
grid-condition procedure (Figure 2). The edge detector may
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Fig. 1. Overall our CE-OST framework: Contour Emphasis for One-Stage Transformer-based Camouflage Instance Segmentation.

fail, whose results are further noisy than enhancing the cam-
ouflaged instances. In this case, we apply a grid 5 x 5 to
each image and decide not to apply boundary fusion if the
number of eliminated cells is over half (which is equal to
approx. 12). A cell is eliminated if the number of pixels in
the detected boundary area covers over a half area of the cell.
This proposal is adaptive to every single image size of the
camouflage dataset.

C. One-Stage Transformer-based Camouflage Instance Seg-
mentation Model

Feature Extractor. Given an input image / € R H xW x 3,
we adopt a CNN to release multi-scale features C_5. The
input for the Transformer Block is the flattened features from
C5_5 while Cy is fed into the Fusion Module for a low-
level feature enhancement. The details of the backbones are
in Section IV.

Transformer-based Instance Segmentation Model. We
employ the structure of an Encoder-Decoder model [24],
[30] since previous work done on Transformers proved the
effectiveness of the self-attention layers in extracting global
information from the image. In this architecture, the network
focuses on the precise location, which is cruel for instance
segmentation. Notably, the input of this block is multi-scale,
compared to the limited single-scale of DETR [58].

Fusion Module. In this Fusion Module, we follow [30]
while having Dynamic Camouflaged Instance Normalization
(DCIN) and Coarse-to-Fine Fusion (CFF). The CNN feature
C5 and middle features of the T-Encoder are sent to the CFF to
create comprehensive features. Then, features from the final
layer of the Transformer Block and CFF are inputs of the
DCIN. In DCIN, there is a fully-connected layer used to gain
the location label. At the same time, a multi-layer perception

is employed to gain the instance-aware parameters. These
parameters are then used for establishing the segmentation
mask. Please visit [30] for more implementation details.

IV. EXPERIMENTS
A. Dataset and Settings

In our experiments, we utilize COD10K [19], NC4K [32]
and CAMO++ [31] for camouflage instance segmentation.
Please see Table I for a more detailed comparison among these
datasets. The following paragraphs are their brief reviews.

COD10K Dataset. [19] comprises around 10,000 images
divided into 5 meta-categories. However, in terms of cam-
ouflage, the training set of COD10K contains approximately
3,040 and the test set includes 2,026 images.

NC4K Dataset. The NC4K is a testing dataset [32] with
4,121 images of camouflaged instances collected from online
resources. We utilize this benchmark to evaluate our proposed
method applied to the one-stage transformer-based model.

CAMO++ Dataset. The original CAMO++ dataset contains
both images of camouflaged and non-camouflaged instances
with a total of 5,500 images corresponding to 32,756 instances
[31]. There are 47 fine-grained camouflaged classes designed
with a hierarchical structure and assigned into 10 coarse-
grained classes. CAMO++ contributes 2,695 camouflage im-
ages including 1,250 existing images in CAMO [2] and 1,450
newly collected images.

Experimental Settings. To select the base models, we
employed ResNet-50 [59], ResNet-50 (with input size of
550 x 550 for real-time manner) [59], ResNet-101 [59], Pyra-
mid Vision Transformer (PVT) [60], and Swin Transformer
(Swin-T) [61] to apply our proposed method. The framework
was built on top of Detectron2 [62] and other models orig-
inated from their own publications. Our Contour Emphasis
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framework follows the original configurations [30]. In detail,
we adopted a single GeForce RTX 2080Ti GPU and trained
with Stochastic Gradient Descent. To initialize the models,
we utilized the well-known pre-trained weights of ImageNet
[63]. Our training process occurred with 90K iterations with a
batch size of 1 and base learning rate of 2.5¢~* heading by 1K
iterations of warming-up. We also use a learning rate reduction
of 0.1 after 60K and 80K iterations. The weight decay and
the momentum values are 10~* and 0.9, respectively.

Evaluation metrics. To report our results, we use
average precision (AP). To be detailed, we report AP,
AP@50, and AP@75. Readers can reach this site

https:/cocodataset.org/#detection-eval for more details on the

evaluation metrics.

B. State-of-the-art Comparison

To prove the performance of our proposed method - the
Contour Emphasis approach, we reported the established ex-
periments in Table II. With this setting, we utilize the results
on CODI10K and NC4K datasets to compare the performance

TABLE I
STATE-OF-THE-ART COMPARISON ON COD10K [19] AND NC4K [32]
DATASET. THE CHOSEN BACKBONE IS THE COMMON RESNET-101 [59].

Method COD10K NC4K

AP AP50 AP75 | AP AP50 AP75

Mask R-CNN [41] 28.7  60.1 25.7 36.1 68.9 335

MS R-CNN [43] 333 61.0 329 357 634 34.7

Two- | Cascade R-CNN [44] | 29.5 61.0 25.9 346 663 31.5
Stage | HTC [47] 309 61.0 28.7 342 645 31.6
BlendMask [46] 312 60.0 28.9 314 612 28.8

Mask Transfiner [64] 31.2 60.7 29.8 34.0 63.1 32.6
YOLACT [49] 29.0  60.1 25.3 37.8 706 35.6
CondInst [65] 343 67.9 31.6 38.0 71.1 35.6

One- QuerylInst [66] 325 65.1 28.6 38.7 721 37.6
Stage SOTR [67] 320  63.6 29.2 343 657 324
SOLOV2 [51] 352 657 334 378  69.2 36.1
OSFormer [30] 420 713 428 | 444 737 45.1
CE-OST (Ours) 432 722 44.1 45.1 74.0 46.4

among models. To this end, we employed models from two-
stage (i.e. [41], [43], [44], [46], [47], [64]) and one-stage
approaches (i.e. [30], [49], [51], [65]-[67]). For a fair compar-
ison, ResNet-101 [59], which is the popular backbone utilized
by other publications, is utilized. The reported results recog-
nized our improvement on all AP, AP50, and AP75 evaluation
metrics. On CODI10K [19], we achieved 43.2%, 72.2%, and
44.1% on AP, AP50, and AP75, respectively. On NC4K [32],
the three respective values were 45.1%, 74.0%, and 46.4%.
To this end, we present the state-of-the-art results over the
baseline methods on both one-stage and two-stage approaches.
Please find the next ablation section for more empirical details
of our Contour Emphasis method.

C. Ablation Study

In our CE-OST framework, the Contour Emphasis can be
applied in two ways. In Table III, we present the effectiveness
of color contrasting and brightness addition. We also con-
ducted experiments on different base models including the 5
aforementioned methods in the Experimental Settings section.
In general, Transformer-based models such as Swin-T or PVT
give the best results among methods. The CAMO++ [31] is the
most intensive dataset following by NC4K [32] and COD10K
[19]. This ablation study also proves the generality of our CE-
OST over the base models when improving almost every result
in comparison with the state-of-the-art baselines. Especially
to CAMO++ [31] dataset, the PVT backbone stably holds the
best performance. The results can be explained as the multi-
scale feature extractor of PVT can well handle the various
scales of CAMO++. In Figure 4, we present our best results
on the PVT backbone (left) and some failure cases (right) of
over-segmentation or mislabeling. The instance scale and too
complex background cause this phenomenon.



TABLE III
ABLATION STUDY ON DIFFERENT BASE MODELS ON COD10K [19], NC4K [32], AND CAMO++ [31].

CODI0K NC4K CAMO++

Method Base-Model AP AP50 AP75 | AP AP50 AP75 | AP AP50 AP75

ResNet-50 [59] 410 711 408 | 425 725 423 | 190 338 183

ResNet-50-550 [59] | - - X - - - 201 363 193

OSFormer | ResNet-101 [59] 420 713 428 | 444 737 451 | 206 344 202
PVTv2-B2-Li [60] | 472 749 4938 . § :

Swin-T [61] 477 493 - . - 23 366 218

ResNet-50 [59] 416 707 423 | 424 714 426 | 201 342 196

CE-OST | ResNet-50-550 [S9] | 359 652 343 | 411 709  41.1 | 206 357 200

(Color ResNet-101 [59] 432 722 441 | 451 740 464 | 217 366 213

Contrast) | PVTv2-B2-Li [60] 757 514 550 | 285 453 299

Swin-T [61] 491 780 521 | 505 789 531 | 227 376 224

ResNet-50 [59] 12 690 416 | 424 711 4290 | 202 348 195

CE-OST | ResNet-50-550 [59] | 359 652 346 | 408 711 403 | 21.0 371 203

(Brightness | ResNet-101 [59] 424 708 437 | 442 731 450 | 21.1 344 209

Addition) | PVTVv2-B2-Li [60] | 479 746 505 | S1.1 773 549 | 279 451 292

Swin-T [61] 490 785 514 793 27 384 231

*The first, second, and third best results are marked in red, blue, and

D. Discussion

In Figure 3, we present several examples of camouflaged
instances with their enhanced boundaries. From left to right,
we show the original (a), contrast contour (b), bright contour
(c), and ground-truth (d) images, respectively. Both kinds of
contours are generated by the Contour Emphasis, and we
present these contours under two appearances. The bright
contours are the brightness addition to the boundary lines
of the instances. While, the contrast contours shift the color
values to another value in the contrast range, bringing a better-
distinguished contour view compared to bright color contours.
Thus, we can observe the first best results major in the Color
Contrast approach. The last row illustrates a case where the
recognized boundary fails to enhance the visual appearance
of the considered instance, i.e. worm. Our future work should
focus on camouflage boundary recognition.

V. CONCLUSION

In this work, we proposed the CE-OST framework - a
Contour Emphasis approach for One-Stage Transformer-based
model to address the instance segmentation task on camou-
flaged images. We have demonstrated the improvement of
our proposed method over the three well-known camouflage
benchmarks of COD10K, NC4K, and CAMO++. In the future,
we plan to extend our idea to other specific domains of medical
imaging where the instances carry camouflaged features.
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Abstract

Camouflaged object detection and segmentation is a new and challenging research
topic in computer vision. There is a serious issue of lacking data of camouflaged
objects such as camouflaged animals in natural scenes. In this paper, we address
the problem of few-shot learning for camouflaged object detection and segmenta-
tion. To this end, we first collect a new dataset, CAMO-FS, for the benchmark.
We then propose a novel method to efficiently detect and segment the camou-
flaged objects in the images. In particular, we introduce the instance triplet loss
and the instance memory storage. The extensive experiments demonstrated that
our proposed method achieves state-of-the-art performance on the newly collected
dataset.

Keywords: Camouflaged Instance, Camouflaged Animal, Few-shot Learning, Object
Detection, Instance Segmentation



1 Introduction

Camouflage is a defense mechanism that animals use to conceal their appearance
by blending in with their environment [1]. Autonomously detecting camouflaged
animals is helpful in various applications, e.g., search-and-rescue missions [2]; wild
species discovery and preservation activities [2]; and media forensics (manipulated
image/video detection and segmentation [3]). Although image segmentation methods
have been proposed for a long time, general detectors cannot deal with camouflaged
animals [4-7]. The detectors initially developed for camouflage detection [8-15], which
use handcrafted low-level features, are effective only for images with a simple and uni-
form background. More recently developed deep learning-based detectors [2, 16] for
camouflaged object segmentation rely on large-scale data.

With the approach of few-shot learning, we can perform machine learning tasks
with given limited data. A few-shot method requires two stages of processing: (1) one
base phase training for the model to gain concept knowledge of general domains with
abundant data, and then (2) performing a novel phase which can do the specific task on
few-shot data. In the case of the camouflaged object detection and segmentation task,
we leverage few-shot learning in the concept of camouflaged animals which is rare and
hard to find in the wild. Thus, with limited data on camouflaged objects, the models
can still well handle the given tasks. However, none of the aforementioned publications
targets few-shot camouflaged object detection and segmentation despite its practical
applications. The task of segmentation supports better to identify camouflaged objects
in terms of specifying which pixels in the images conceal the objects in comparison to
classification and detection. In fact, the research on camouflaged animals suffers due
to the lack of data. There are not many object classes with rare instances captured
in photos. Therefore, in this paper, we would like to address few-shot learning with
camouflaged animals.

Our contributions in this work are two-fold:

® First, we build a new benchmark dataset, CAMO-FS, which is among the first
datasets to support few-shot detection and instance segmentation on camouflaged
instances in nature.

® Second, we propose FS-CDIS, a framework to efficiently detect and segment cam-
ouflaged instances given a small shot of training data for novel classes utilizing an
instance triplet loss and memory storage.

The remainder of this paper is organized as follows. Section 2 summarizes related
work. Next, Section 3 introduces the newly constructed CAMO-FS dataset and
presents our proposed framework for few-shot camouflaged object detection and seg-
mentation. Section 4 presents the results of our evaluation of baselines on the newly
constructed dataset. Finally, Section 5 summarizes the key points and mentions future
work.



2 Related Work

2.1 Camouflage Research

Given any region (i.e. bounding boxes or polygon masks) presented for an object of
interest (i.e. animals or artificial objects) in an image and then they tend to be clas-
sified as background, contents in that region can be qualified as camouflaged objects.
Thus, a camouflaged object is defined as a set of bounding boxes or camouflaged pixels
in an image without any further detailed information such as the number of objects
or the semantic meaning [2]. Although tasks related to camouflaged animals are per-
formed in a wide range of applications, this research field has not been well explored in
the literature, especially few-shot learning which is practically suitable to the context
of scare data as camouflaged animals.

Binary camouflage segmentation. Prior to the advancement of deep neural net-
works, most of the work exploits identical regions between camouflaged regions and
the background by handcrafted or low-level features, specifically based on external
characteristics (e.g., color, shape, orientation, and brightness). Particularly, early cam-
ouflage detection works had attention on the foreground region even when some of its
texture was similar to the background [8-10, 17]. The foreground was distinguishable
from the background via simple features, such as color, intensity, shape, orientation,
and edge [17-21]. A few methods [11-15, 22] based on handcrafted low-level features
have been proposed for tackling the problem of camouflage detection. However, they
are effective only for images with a simple and uniform background. Thus, their perfor-
mances are unsatisfactory in camouflaged object segmentation due to the substantial
similarity between the foreground and the background.

Until now, the convention of binary prefers binary ground truth camouflaged object
datasets [2, 16, 23]. Existing methods for camouflaged objects [2, 16, 24-29] based
on binary ground truth are considered as the binary camouflage segmentation. For
example, Le et al. [2] proposed an end-to-end Anabranch Network, dubbed ANet
which includes two streams of classification and segmentation. The outputs of both
streams are fused to improve the segmentation performance of camouflaged objects.
This proposed network was also flexibly applied to any fully convolutional networks.
Similarly, motivated by the way of hunting strategies of predators, Fan et al. [16]
designed Search Identification Network (SINet) with two main modules to simulate
this hunting behavior, namely a search module searching for targets and an identifi-
cation module identifying the existence of targets then catching them. Yan et al. [27]
recently introduced MirrorNet, a dual-stream network comprising a mainstream and a
mirror stream. This mirror stream aimed to capture instinct information by horizon-
tally flipping camouflaged objects to break their camouflaged nature and make them
more distinguishable. Zhu et al. [28] presented the TINet, which interactively refines
multi-level texture and segmentation features and thereby gradually enhances the seg-
mentation of camouflaged objects. Lv et al. [29] simultaneously worked on ranking
and localization to well-present camouflaged objects. As a result, they formed a triplet
task with localizing, segmenting, and ranking the camouflaged objects. Besides, the
authors also introduced the NC4K dataset for camouflaged segmentation. Such meth-
ods reveal the presence of the camouflaged objects with the high level of bounding



boxes and contain corresponding pixel-wise ground truth belonging to camouflage.
Further understanding of the camouflage level may help us to give comparative analy-
ses, finding evidence for links between camouflage and other defensive strategies with
aspects of habitat and life-history [30].

Camouflage instance segmentation. Although several works have been proposed,
there is still a difficulty in efficiently exploring the information of camouflage animals,
especially at the instance level with more challenging detailed masks. Therefore, for
ease of training methods with the challenging task of camouflaged instance segmen-
tation, Le et al. [31] introduced a framework with several state-of-the-art methods
and proposed a tool with user interactive cues to tune the segmentation mask on a
website. Realizing that the semantic level is not detailed enough, Le et al. [32] intro-
duced a camouflage fusion learning (CFL) to utilize the strength of different instance
segmentation methods by fusing various models via learning image contexts.
Camouflage datasets. CamouflagedAnimals [33] and CHAMELEON [23] were the
first two camouflage datasets with mask annotations. The two datasets do not con-
tain enough images to train deep learning methods. Le et al. [2] created the CAMO
dataset, the first camouflage dataset with more than 1,000 annotated images. It con-
tains 1,250 annotated images, which is a limited number of samples to train and
evaluate deep learning methods. Then, Fan et al. [16] collected the COD dataset,
which comprises 10,000 images (both camouflage and non-camouflage) divided into 5
meta-categories. However, they annotated only 5,066 camouflage images. Lamdouar
et al. [34] recently developed the MoCA dataset for the camouflage object detec-
tion task; it contains only bounding box ground truths. Hence, these datasets limit
their annotations at binary ground truth datasets which have a shortage of intensive
annotations for multi-task camouflage problems. CAMO-++ [32] is different from the
above-mentioned dataset, CAMO++ provides a benchmark for camouflaged instance
segmentation with more comprehensive annotations and diverse meta-categories of 10.
The dataset comprises 5, 500 images with superiority over other datasets on instances
including 32, 756 instances for both camo and non-camo objects.

2.2 Few-shot Learning

Few-shot object detection (FSOD). When having some available samples of given
classes with their corresponding bounding boxes, FSOD aims to learn from these lim-
ited data in order to help models adapt to the new classes. To date, several works
[35-38] have been proposed to deal with FSOD. Early works [36, 38] mainly prefer to
overcome the difficulties of the data scarcity of FSOD via meta-learning approaches by
combining supportive information from meta-based streams with their main streams.
Particularly, Bingyi [36] proposed a Feature Reweighting framework that leverages the
free-proposal approach of a well-known one-stage framework such as YOLO [39] to
boost FSOD performance. The network integrated a meta-model that aims to gener-
ate reweighting vectors from support samples for highlighting the attention to features
from the YOLO network. Conversely, Meta RCNN [38] based on the two-stage pro-
posal approach as Mask RCNN [40] and fed available annotations such as bounding
boxes and segmented masks to train a meta-network called Predictor-head Remodel-
ing Network for inferring attention features. Fan et al. [35] recently proposed to take



Table 1: Statistics of camouflage datasets (without non-camo images).

Dataset Year | Publication | Type Cﬁ::"l‘;t'g_ #(I\J/I;t‘a ﬁglt” #I";r";ﬂt’m' Bg?r’“ M::]}:J(';T Mai‘l‘j‘GT Few-shot
CamouflagedAnimals [33] | 2016 ECCV Video 181 B G 1.238 % 7 7 X
MoCA [34] 2020 ACCV Video 7,617 - 67 1.000 v x x x
CHAMELEON [23] 2018 - Tmage 76 - - 1.000 x v x x
CAMO [2] 2019 CVIU Tmage 1,250 2 8 1.000 x v x x
CoD [16] 2020 CVPR Image 5,066 5 69 1171 v v v x
CAMO++ [32] 2022 TIP Image 2,695 10 a7 1171 v v v x
CAMO-FS (Ours) 2023 = Tmage 2,858 10 a7 172 7 7 7 7

advantage of support images from a massive FSOD dataset to generate significant
results combined with their proposed network called Attention-RPN, Multi-Relation
Detectors. The Attention-RPN directed the trained model to look at the image for the
task of object detection. Differently, Wang et al. [37] simply adopted Faster RCNN
with two-stage finetuning to transfer massive knowledge from abundant data in the
base model to fine-tune the novel one by freezing the whole network except for the fully
connected layer for object classification. Through this simple straightforward mech-
anism, this model significantly improved few-shot performance without a complex
pipeline of training the model. Further, such works [41-45] presented advanced meth-
ods by applying class max-margin, multiple scale proposals, or feature alignment in
FSOD. Other ones were based on transformed inputs [46, 47], transformer approaches
[48, 49], contrastive method [50], or kernels design [51]. Other methods [37, 52-54]
relied only on query images to deal with FSOD via extra text data [54], unlabeled
image [55], generated samples [53], gradient scaling [52].

Few-shot object segmentation (FSOS). Recently, the field of few-shot segmen-
tation gained attention from the community. As mentioned above, the first work
Meta RCNN originated from Mask RCNN, therefore, Meta RCNN simultaneously per-
formed detection and segmentation. Liu et al. [56] utilized a cross-reference network
for generic image segmentation. The authors proposed a cross-reference mechanism
and a mask refinement module to specifically support the task of segmentation. Before,
Dong et al. [57] proposed a prototype learning component in a framework of seman-
tic segmentation that learned to take discriminative information from features to help
segment objects better. Also, Wang et al. [58] introduced a prototype align method
that learns class-specific prototype representations from a few image samples to per-
form segmentation over the query images. Lately, Liu et al. proposed a dynamic
prototype convolution network to address few-shot semantic segmentation. The work
of [59] proposed context-aware prototype learning. [60] introduced generative mod-
els approach for this task. Recently, Nguyen et al. [61] came up with iFS-RCNN,
an instance segmenter via an incremental approach. Gao et al. [62] proposed the
DCFS framework, an effective decoupling classifier that boosted the performance of
object detection and segmentation heads. Han et al. [63] suggested a reference twice
transformer-based framework (RefT) to enhance features in segmentation tasks. Also
in the transformer approach, Wang et al. [64] introduced DTN to directly segment the
target object instances from arbitrary categories given reference images. In common,
these aforementioned methods focus on generic objects.
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Fig. 1: Hierarchical taxonomic structure of our CAMO-FS dataset and the corre-
sponding distribution of camouflaged coarse-grained classes. Best viewed online in
color and zoomed in.

3 Proposed Method
3.1 CAMO-FS Benchmark Dataset

Camouflaged data tends to be more difficult to collect in the real world rather than
non-camouflaged ones. Generating intensive annotations with multi-task or hierarchi-
cal labels for camouflaged objects is also costly and complicated, especially with the
pixel level as polygon masks. Particularly, the visual characteristics of a camouflaged
object are extremely identical to the background. The external appearances (i.g. the
intensity, color, and textures) are close to their surrounding environment, the boundary
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Fig. 2: Exemplary images with instance-level mask annotations from our proposed
CAMO-FS dataset.

between camouflaged objects and the background or other identical-type camouflaged
objects in case of being nearly or partly overlapped. Thus, it is really tough to provide
the concurrence between annotators due to ambiguity in verifying camouflaged regions
blended in surroundings. For ease of data preparation such as collections and annota-
tions, one of the most common way is that inherits existing camouflaged datasets and
CAMO++ [32] is our selected dataset since it is a high-diversity dataset with a vari-
ety of camouflaged object categories. Furthermore, the key to few-shot learning lies in
the generalization ability of the pertinent model when presented with a few available
samples. The context of camouflaged objects inherently matches this understanding
because the number of camouflaged images is often scarce in practice.

CAMO++ Dataset. CAMO++ generally contains camouflaged and non-
camouflaged images with a total of 5,500 images corresponding to 32,756 instances
[32]. The dataset contains 93 fine-grained classes assigned to 13 coarse-grained classes.
However, in the case of camouflaged objects, there are 47 fine-grained classes designed
with a hierarchical structure and assigned into 10 coarse-grained classes. In detail,
CAMO++ contributes 2,695 camouflage images including 1,250 existing camouflage
images in the previous CAMO dataset with 1,450 newly collected camouflage images
for CAMO++. In this scope of our paper, 2,800 remaining non-camouflage images
are ignored. CAMO++ especially provides common ground truths such as bound-
ing boxes, object masks, and instance masks which are suitable for many tasks of
camouflage research.

CAMO-FS Dataset. We leverage the available CAMO-++ to build our CAMO-FS
dataset. In this way, we inherit the biology taxonomic and vision taxonomic structure
of CAMO++ which helps us to reduce the burden of data collection. Table 1 provides
an overview of previous works done on camouflage, which is mentioned in the related
work, and our proposed CAMO-FS in terms of main characteristics. We exploit the
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Fig. 3: Word cloud of class-distribution of camouflaged instances.

Table 2: Extra collected number of images and instances in CAMO-FS dataset.

Classes Bat | Bear | Camel | Dolphin | Elephant | Horse | Kangaroo | Monkey | Penguin | Rhino | Squirrel | Total
F#images 12 14 14 13 14 16 22 16 11 14 17 163
F#instances | 12 14 15 19 14 17 25 20 14 14 17 181

diversity of CAMO++ by its 10 meta-categories to build up the few-shot concept
for instance segmentation. To this end, our CAMO-FS not only keeps a good ratio
of instances per image of 1.172 but also contributes as the very first dataset specific
for few-shot research on camouflaged animals. Note that the large amount of images
in some datasets does not mean they are all camouflaged images. Figure 3 illustrates
the class-distribution of our CAMO-FS dataset and COD [16]. Our CAMO-FS shares
similar categorical diversity with the original CAMO++ [32].

However, imbalanced data and a shortage of the number of images of some classes
inherently exist in CAMO++ posing problems of evaluation for few-shot tasks. Partic-
ularly, there are 11 classes (e.g. Camel, Dolphin, Elephant, Horse, Kangaroo, Monkey,
Penguin, Bat, Bear, Squirrel and Rhino) even having a shortage of images that are
needed to train a few-shot model. Hence, we hardly perform training or testing on
these classes. As a result, we collect more data for these classes with 163 total images
corresponding to 181 instances (an average of 15-16 instances per class). We also
remove images with mistakes in the original dataset. The statistics of collected data
are shown in Table 2. By gathering more camouflaged animals and combining them
with the CAMO++ dataset, we conduct our CAMO-FS dataset for few-shot cam-
ouflaged animal detection and segmentation with 2,858 total images corresponding
to 3,342 instances. Figure 1 shows the vision taxonomic structure of coarse-grained
and corresponding fine-grained classes and illustrates the ratios of 10 coarse-grained
classes in our proposed CAMO-FS dataset. Figure 2 visualizes the exemplary images
with mask annotations from our proposed CAMO-FS.

In Table 3, we report the aggregated number of instances per image. The number
of instances per image ranges from 1 to 25 and commonly falls into 1, then 2 and 3
while the remaining is beyond 3 instances. As can be seen, the number of images that
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Fig. 4: Distribution of camouflage image resolution. Best viewed online in color and

zoomed in.

No. of instances | Ratio (%) | #Images
1 90.5 2581
2 1.05 190
3 1.79 51
3+ 6.66 30

Table 3: CAMO-FS dataset instances per image distribution.

contain 1 to 3 instances takes up a large proportion of the entire dataset. This also illus-
trates the problem of data imbalance between the number of instances and the ratio
of images in the dataset, which reflects a problem that the presence of camouflaged
animals captured in photos is often limited, i.e. mostly one animal per image. Addi-
tionally, although being claimed in [32] that camouflaged objects in CAMO++ were
localized over the entire image, after removing non-camouflage objects and adding new
camouflaged images, we have the distributions of object centers in normalized image
coordinates over all images in the CAMO-FS dataset as in Figure 5-a. This means



(a) Our CAMO-FS (b) CAMO [2] (c) COD [16]
Fig. 5: Instance center bias camouflaged datasets. Best viewed online with color and
zoomed in.

camouflaged animals tend to be located in the center of images. Indeed, to capture
images of camouflaged animals in the wild, photographers need to carefully focus on
the animals, which leads to the central layout of collected images. Also in Figure 5,
we illustrate the center bias of camouflaged images in other CAMO [2] and COD [16]
datasets for better visual comparison. In Figure 4, we present the image resolution
among camouflage datasets. As we only consider camouflaged images of CAMO++
[32] and COD [16], the density of our CAMO-FS is slightly higher than CAMO++
as a result of our extra collection of images presented in Table 2. In comparison with
the previous COD [16] and CAMO [2], our CAMO-FS image resolution distribution
is more satisfying in diversity.

To effectively create the data for the few-shot problem, we get M instances from the
CAMO-FS dataset to create training sets (in our setup, M = 5) and use the remaining
instances for testing. We only remove some objects of the higher-level training set if
it exists to create the other few-shot settings. For example, we get all elements to
generate 5-shot training data and discard 2 in 5 objects to make a 3-shot one. In
this way, the 5-shot benchmark contains objects of the 3-shot dataset and the 3-shot
setting contains the objects of the 2-shot one.

To the best of our knowledge, this is among the first works to address few-shot cam-
ouflaged instance segmentation and detection. Given the lack of a large-scale dataset
for training and testing purposes on camouflaged animal issues, we build a benchmark
for the task of few-shot camouflaged instance segmentation and detection.

3.2 General Framework

Few-shot instance segmentation formulation. In few-shot learning, we have one
set of base classes denoted Cpqse With a large amount of available training data, and
one disjoint set of novel classes denoted C),4,¢; containing a small amount of training
data. This amount is small to a few samples. The ultimate goal is to train a model
to predict well on the novel classes Crest = Crover [65, 66] or on both base and novel
data Ciest = Chase U Crover [67]. In few-shot classification, this work [66] introduces
the method of episodic training. The method sets up a series of episodes E; = (I, S;)
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Fig. 6: Our general FS-CDIS framework for Few-Shot Camouflaged Detection and
Instance Segmentation.

where S; is a support set that contains N classes from Cirqin = Chovel U Chase along
with K examples per class (so-called N-way K-shot). A network is then trained to
classify an input image I, termed query image, out of the classes in S;. The key idea is
that solving a different classification task for each episode leads to better generalization
and results on Cjper- The extended versions of this method are FSOD [36] and FSIS
[38, 68]. Those proposals consider all objects in an image as queries and they have
a single support set per image instead of per query. However, there exist challenges
in FSIS which are not only classification tasks on the query objects but also how to
determine their localization and segmentation. Use an image I, to query, FSIS returns
labels y;, bounding boxes b;, and segmentation masks M; for all objects in I; that
belong to the set of Ciest.

General framework. Originated from TFA [37] which uses Faster R-CNN [69],
MTFA [70] employs a mask prediction branch to return the pixel-wise mask for the
segmentation task. In this work, we leverage the architecture of MTFA model [70]
based on Mask R-CNN [40] which is a two-stage training and fine-tuning mechanism.
We train the first stage of the framework on 80 classes from the COCO dataset. This
stage results in the base model weights for the second stage of novel fine-tuning. In
the fine-tuning stage, we apply the few-shot technique to learn the novel concepts of
camouflaged instances in our proposed CAMO-FS dataset.

Similar to Mask R-CNN, the input images are fed into a feature extractor F' con-
sisting of backbone B, Rol Align, Rol feature extractor modules, and a region proposal
network. There are three heads specifying three tasks that this scheme supports: a
classification head C, a box regression head R, and a new attached mask prediction
head M. In the first stage, the network is trained on the base classes Cpyse. Then in
the second stage, we froze the backbone network B of the feature extractor F' and only
perform training on the prediction heads. Thus, only Rol classifier C', box regressor R,
and mask predictor M are fine-tuned in the second stage. In Figure 6, there exists a
branch called mask predictor M. We apply similarly to Ganea et al. [70] by using this
two-stage fine-tuning approach. Firstly, the network is trained on base classes with
lots of abundant data and then fine-tuning all predictor head C, R, and M on novel
data of K shots for each class.

11
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Not a simple mask predictor M that we use, we enhance the performance of the
instance segmentation task by employing the two concepts of instance triplet loss and
instance memory storage which are clearly described in the next section. The two
improvements are inspired not only by the instance segmentation task in general but
also by the camouflaged instance segmentation specifications.

3.3 Framework Improvement

One of the characteristics of camouflage instances is the camouflage texture similar to
the background. This makes the precise identification of the boundary areas difficult.
It is more critical in the context of few-shot learning where the concepts of a class are
represented by only a few samples.

In this work, we thus propose improvements to enhance distinguishable features
between background and foreground areas. In particular, we explore two approaches
that focus on loss functions. The first one is the triplet loss function which was known
as a strong metric to support the network in creating discrimination features between
anchor and negative. The second approach is the idea of memory bank, which is used
to enhance the distance between foreground and background not only for individual
instances but also for each novel class. To this end, our framework is named after
FS-CDIS.

To calculate the loss function, we employ the mask annotation for Rol features to
collect the [y, background and F ¢, foreground features by location on each Rol. Both
Fp, and IF s, for each proposal are used to calculate the respective loss functions which
are presented in the following sections.

3.3.1 Instance triplet loss

With the idea of enhancing the discrimination between camouflaged instances and
their backgrounds, we leverage the power of the triplet loss function [71]. Specifically,
we treat the pixels of an object as positive points and the background as negative
ones. Accordingly, we force the model to learn the distinguished features among the
foreground and background representatives. The more distinguished among features,

12
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the better a model can do to detect or segment camouflaged instances. In this way,
we highlight the camouflaged instances so that the model is able to recognize them.
For each Rol, we consider the average foreground features Fg,, = I]F—]lcg‘ > Fyq as
anchors with the foreground feature IF s, as positive and the background feature Fp, as
negative to apply the triplet loss function [71]. In this way, the model tries to learn to
minimize the distance between foreground representatives and maximize the distance
between background representatives as shown in Figure 7. We use cosine similarity to
calculate the distance instead of Euclidean distance. The loss function is defined as:

Etriplet == max{d(Favga ng) - d(]Favg, Fbg) + margin, O}

_1__%Y (1)
Hwv) =1 = G

, where margin controls the discrimination between foreground and background
features. In our experiments, we set margin of 0.5.

3.3.2 Instance memory storage

The memory bank is designed to store information within a class and the class infor-
mation is updated during the training. Still, the model can learn information at a
global level and has high consistency for each class. On the other hand, storing and
updating the features in the memory bank for each iteration during training also cre-
ate more variants. By leveraging these advantages, we propose the memory bank for
few-shot camouflage instance segmentation. To be specific, we use the memory bank



to contain the background and foreground features per each class and make use of fea-
tures to calculate the discrimination between areas of object and no object in region
proposals (shown in Figure 8).
Storing and updating: The memory bank for each class contains 2N features includ-
ing N of foreground features and N of background features. While the memory bank
receives new features, the module concatenates them with existing old features. In case
the number of features is greater than the given N features, the memory bank releases
the oldest features to maintain the number of features to N. This process updates the
features in the memory bank and keeps the quantity of the stored features appropriate
to the memory size (also known as the memory capacity).
Sampling: To calculate the loss value, the memory bank has to provide three elements
Frg, Fog, and Fyenerar- Frg and Fpy are all foreground and background features that
module storing. The Fgenerar is the general foreground feature, and it is created for
each class by averaging the Fy,.

Let F%_ be the i-th foreground feature and 7 be a temperature hyper-parameter
in [72]. In our experiments, we set 7 as 1. The memory loss function for camouflaged
instances is introduced as follows:

og eXP(Fgeneral szg /T)
F j ]
Z‘]:bg‘ eXp(Fgeneral'F{,g/T) + eXp(FgeneT“l.F;g/T)

To this end, the final loss of our training process, which contains an instance triplet
loss and memory storage is defined as follows:

[fmemory =-1

»Cfinal = Cmrcnn + a»ctriplet + ﬁﬁmemory (3)
Here, the parameter « of Liripier and 8 of Lyemory are used during the training
process to keep the balance between the two loss functions. Details of these functions
are mentioned in the following section.

4 Experiments

We first overview the metrics and the experiment settings and the implementation
details in Section 4.1 and then we evaluate and discuss our improvement on the general
framework, as well as ablation study for our core proposed methods in Section 4.2.

4.1 Overview

As specified in this work, we utilize the proposed CAMO-FS dataset containing images
of camouflaged animals in the wild to establish the evaluation of our baseline and
proposed improvement. We follow the concept procedure published in FSOD [36-38].
In the first stage of the base phase, we train our model with abundant data from 80
classes of the COCO dataset as proposed in [36]. In the second stage of the novel
phase, we evaluate the performance of having K = 1,2, 3,5 shots per each novel class.

To report our results on detection and instance segmentation tasks, we use average
precision (AP) and average recall (AR). To be detailed, we report AP@50 and APQ75,
along with AR@10. Besides, we also report AP and AR at small, medium, and large
scales of the instances to further understand the model performance. For more details,
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Table 4: State-of-the-art comparison on CAMO-FS dataset among the baseline model
of MTFA [70], Mask RCNNT [40], iFS-RCNN [61], and our proposed methods FS-
CDIS with instance triplet loss (-ITL) and instance memory storage (-IMS). Our
performance improves over the utilized baselines.

Model Novel AP

Method Backbone/ Instance Segmentation Object Detection

Baseline 1 2 3 5 Avg. 1 2 3 5 Avg.
MTFA [70] COCO-80 248 6.67 5.81 6.40 534 | 1.98 6.47 582 6.17 5.11
M-RCNNT [40] ResNet-50 4.08 6.79 6.90 8.29 6.52 | 282 5.09 546 6.18 4.89
iFS-RCNN [61] ’ 417 6.26 5.73 6.38 5.64 | 3.92 6.06 547 6.60 5.51
MTFA [70] COCO-80 3.66 6.21 6.16 5.95 550 | 293 590 584 584 5.13
M-RCNNT [40] ResNet-101 439 7.69 794 10.09 7.53 |3.03 580 620 779 5.71
iFS-RCNN [61] | ¢ 427 655 6.07 7.80 617 | 379 628 601 808 6.04

Our performance (1)
FS-CDIS-ITL ResNet-101 | 4.46 557 6.41 848 6.23 | 4.04 728 749 9.76 7.14
FS-CDIS-IMS MTFA 546 6.95 7.36 9.61 7.35 | 450 6.95 7.55 10.36 7.34
FS-CDIS-ITL ResNet-101 | 5.73 797 852 992 8.04 | 5.08 756 785 9.67 7.34
FS-CDIS-IMS M-RCNN 5,52 7.84 865 982 7.96 |492 739 7.96 952 7.45
FS-CDIS-ITL ResNet-101 | 5.35 6.01 780 6.23 6.35 | 471 566 7.10 6.06 5.88
FS-CDIS-IMS iFS-RCNN | 299 6.83 6.14 9.03 6.25 | 2.74 6.39 594 844 5.88
M-RCNN' is Mask R-CNN [40] with sigmoid classifier.

readers can visit the homepage of the COCO dataset for detection and segmentation
evaluation metrics 1.

Our MTFA [70] baseline is implemented using Detectron2 framework [73]. Our
backbone is ResNet-101 [74] with Feature Pyramid Network [75]. Each experiment is
set up with a single GPU GeForce RTX 2080Ti with a batch size of 2 images. The
novel phase has a learning rate of 0.00125 inferred from the MTFA configuration.
We set the balance parameters a = le™! and 8 = le~2? when we train the model
with instance triplet and instance memory loss function, respectively. Please visit the
publication [37] or [73] for more details on other parameters.

4.2 Results and Discussion

State-of-the-art comparison. To prove the effectiveness of our proposed meth-
ods, we conducted experiments on our proposed CAMO-FS dataset. We tested with
K ={1,2,3,5} shots, respectively. Since several recent work have not published their
source code [63, 64], we adopted the typical models addressing both detection and
instance segmentation tasks to compare with our proposed methods. Table 4 presents
the evaluation of the performance of our methods of instance triplet loss and memory
storage over our baseline MTFA [70], the model of Mask R-CNN [40] with sigmoid
classifier, and the state-of-the-art method iFS-RCNN [61] in the approach of few-shot
instance segmentation. We reported experiments on those models and chose the com-
mon COCO-80 ResNet-101 as their base model to apply our proposed methods. The
details of this decision are declared in the ablation section. In terms of instance segmen-
tation, we improved over MTFA [70], Mask RCNNT [40], and iFS-RCNN [61] by getting
average AP values of 6.23%, 8.04%, 6.35%, respectively thanks to instance triplet loss,

Lhttps://cocodataset.org/#detection-eval
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Table 5: Our improvement of instance triplet loss and instance memory storage on
MTFA [37]. The best performance is marked in boldface. # denotes the Number of
shots, “Memory” is Instance Memory Storage and “Triplet” is Instance Triplet Loss.

# | Method [ AP [ AP50 [ AP75 | APs [ APm | APl | AR1 | AR10 [ ARs [ ARm | ARI
Instance Segmentation
Baseline MTFA 3.66 [ 537 409 2242 435] 201 1130 1358 | 25.97 [ 12.96 | 12.53
1 | MTFA + Triplet 446 | 821 | 460 | 21.33 | 413 | 4.01| 1236 | 15.04 | 2317 | 9.49 | 16.67
MTFA + Memory | 5.46 | 9.20 | 6.17 | 27.79 | 6.20 | 4.01 | 17.08 | 19.99 | 29.41 | 11.45 | 20.89
Baseline MTFA 621 | 892 | 728 3264 7.75| 350 | 1888 | 21.12 | 35.82 | 15.49 | 20.14
2 | MTFA + Triplet 557 | 945 | 6.04 | 2583 | 3.01| 537 | 1567 | 17.33 | 2613 | 7.37 | 17.50
MTFA + Memory | 6.95 | 10.72 | 7.60 | 33.62 | 5.73 | 6.44 | 20.00 | 22.15 | 34.25 | 13.86 | 20.92
Baseline MTFA 6.16 | 895| 668 3374 6.19| 508 20.25 | 2295 | 36.83 | 16.31 | 21.63
3 | MTFA + Triplet 6.41 | 1067 | 672 | 3039 | 517 | 530 | 20.69 | 2298 | 31.90 | 15.69 | 22.53
MTFA + Memory | 7.36 | 11.23 | 8.49 | 37.03 | 6.24 | 5.64 | 24.40 | 27.69 | 38.44 | 17.02 | 26.71
Baseline MTFA 595 | 867 | 694 3471 | 6.25| 485 | 21.29 | 2442 | 36.86 | 14.51 | 24.83
5 | MTFA + Triplet 848 | 1343 | 9.80 | 36.66 | 5.75| 804 | 23.83 | 26.66 | 37.03 | 11.62 | 25.91

MTFA 4 Memory | 9.61 | 14.61 | 11.73 | 38.60 5.79 | 10.40 | 26.65 | 30.37 | 39.21 | 12.26 | 30.02
Object Detection

Baseline MTFA 2.93 5.86 2.20 | 20.95 4.18 2.03 9.25 10.84 | 21.74 | 11.49 8.77
1 | MTFA + Triplet 4.04 8.65 2.98 | 20.50 4.90 4.22 | 12.89 | 15.53 | 20.73 | 11.45 | 17.46
MTFA + Memory 4.50 9.14 3.45 | 22.88 5.61 3.54 | 13.14 15.22 | 23.14 8.78 | 16.33
Baseline MTFA 5.90 8.87 6.83 | 33.04 9.74 3.10 | 17.26 19.25 | 34.04 | 15.74 | 19.61

2 | MTFA 4 Triplet 7.28 | 11.22 8.25 | 32.31 | 10.72 6.83 | 20.52 | 22.69 | 32.34 | 14.88 | 23.52
MTFA 4 Memory 6.95 10.88 7.75 | 33.93 7.49 6.81 | 19.84 22.01 | 34.10 | 15.04 | 21.47

Baseline MTFA 5.84 8.98 6.29 | 34.56 7.78 431 | 19.13 21.83 | 35.80 | 15.93 | 21.09
3 | MTFA + Triplet 7.49 | 11.51 8.23 | 38.45 8.61 6.38 | 24.88 | 27.52 | 38.55 17.66 | 27.44
MTFA + Memory 7.55 11.45 8.50 | 38.07 9.21 5.70 | 24.20 27.29 | 38.50 | 18.10 | 27.56
Baseline MTFA 5.84 9.13 6.04 | 35.44 8.17 4.22 | 19.67 22.96 | 35.94 | 14.16 | 22.58
5 | MTFA + Triplet 9.76 14.37 11.12 | 40.05 8.82 9.89 | 25.93 29.28 | 40.05 12,53 | 30.32

MTFA + Memory | 10.36 | 16.27 | 11.79 | 39.32 8.08 | 11.36 | 26.34 | 30.30 | 39.35 | 12.37 | 30.91

and 7.35%, 7.96%, 6.25%, respectively thanks to instance memory storage. Regarding
object detection, our FS-CDIS got average amounts of 7.14%,7.34%, 5.88%, respec-
tively with instance triplet loss and 7.34%, 7.45%, 5.88%, respectively with instance
memory storage. The detailed performance of our methods is in Table 4. Despite
the limited results, we defeated the very early models on detection and instance
segmentation tasks on camouflaged images.

Proposed modules evaluation. In Table 5, we also present the results of the
baseline MTFA [70] with its original default configuration along with our proposed
improvements. On top of the baseline MTFA [70], we establish fine-tuning configu-
ration on this model by training all heads of classification, box regression, and mask
prediction on few-shot novel data. The reported results prove the performance of the
proposed instance triplet loss and instance memory storage.

In general, our approaches achieve outstanding results in comparison with the
baseline. Our improvements surpass MTFA by a remarkable margin. Regarding the
instance segmentation, our method improves 1.9%, 3.5%, and 2.3% in terms of AP,
AP@50, and AP@75, respectively. These results manifest the efficiency of our meth-
ods in the context of few-shot camouflaged instances. Both loss functions enhance the
discrimination between foreground and background features which strongly supports
the model to segment pixels that belong to the camouflaged animals. Regarding the
memory bank and the triplet loss function, the results of the memory loss function are
higher than those of the triplet loss function by about 1%. We realize that storing rep-
resentatives for each class is a crucial element in few-shot learning. This technique not
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Table 6: Ablation study on the base model with 1-shot results. The best, and second
best performances are marked in red, and blue, respectively. “Memory” is Instance
Memory Storage and “Triplet” is Instance Triplet Loss.

Segmentation Detection
AP | AP50 | AP75 | AP | AP50 | AP75
COCO-80 R-101 | 4.46 8.21 4.60 4.04 8.65 2.98
COCO-80 R-50 3.68 6.79 3.81 2.85 6.67 1.65

Method Base Model

Triplet | 060060 R-101 | 9.87 | 626 | 990 | 2.97 | 651 | 269
COCO-60 R-50 | 2.56 | 4.25 | 279 | 228 | 413 | 2.26
COCO-80 R-101 | 5.46 | 9.20 | 6.17 | 4.50 | 9.14 | 3.45
COCO-80 R-50 | 3.87 | 6.81 | 3.91 | 340 | 6.9/ | 2.76
Memory

COCO-60 R-101 | 2.89 4.50 3.26 2.76 4.66 2.81
COCO-60 R-50 2.63 4.50 3.02 2.25 4.50 1.65

also expands the variants during training but also increases the consistency per class,
thereby model can segment difficult objects better. In these ways, we also improve the
corresponding results in camouflage object detection.

In Table 5, our improvements help the model segment animals in various sizes.
Specifically, all three metrics including APs, APm, and API improve in comparison
with the baseline model, which demonstrates that our model well segments small,
medium, and large animals. This situation also happens in the detection problem.
When data is very scarce as in a 1-shot or 2-shot setting, the triplet loss function
has comparative results with the memory loss function. However, in the context of 3-
shot or 5-shot settings, the memory loss function demonstrates outstanding efficiency
thanking to storing and updating the memory via iterations to create discriminative
features on a global level. Figure 9 illustrates the qualitative comparison among the
results of 5-shot settings of the baseline MTFA [70] and our proposed methods of
Instance Triplet Loss and Instance Memory Storage. We chose to visualize the images
with the confidence threshold of 0.5, which released a huge number of predictions with
low confidence from the models. The two final rows are exemplary cases that either
triplet loss or memory storage cannot well handle these camouflaged instances.

Base model ablation study. We also conduct ablation experiments on different
backbone base models of the COCO settings including general and few-shot concepts.
To be detailed, we report the performance of our proposed method of instance triplet
loss and instance memory storage over four different backbones. The considered back-
bones are ResNet-50 and ResNet-101 [74]. The two base datasets are MS-COCO with
80 classes and 60 classes, respectively. Thus, it led to the combination of four different
base models (i.e. COCO-80 R-101, COCO-80 R-50, COCO-60 R-101, and COCO-60
R-50). As can be seen from Table 6, the performance of applying COCO-80 R-101
base weight yields better results among others evaluated on AP, AP@50, and APQ75
in both segmentation and detection tasks. In both cases of our two proposed improve-
ments, the ablation results demonstrate our selection of COCO-80 R-101 is the best
among the tested backbones of the base phase. For the segmentation task, we achieve
4.46 and 5.46 of AP reported for triplet loss and memory storage, respectively. For the
detection task, we reach 4.04 and 4.50 also of AP for the two proposals, respectively.
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Table 7: Ablation study on the margin and the « ratio of the instance triplet loss in
1-shot settings. The best, and second best performances are marked in red, and blue,
respectively.

AP Segmentation Detection
. Margin | (95 050 075 1.00| 0 0.25 0.50 0.75 1.00
1 380 450 392 5.16 443 | 334 365 322 4.22 3.68
Te ! 4.82 4.7, 446 4.58 4.57 | 4.36 4.27 4.0/ 4.16 3.79
Te 2 729 474 4.60 446 4.39 | 4.02 3.97 4.24 406 371

Table 8: Ablation study on the capacity of the instance memory storage in 1-
shot settings. The best, and second best performances are marked in red, and blue,
respectively.

Capacity Segmentation Detection

AP | AP50 | AP75 | AP | AP50 | AP75

32 4.56 7.30 5.02 3.85 7.72 291

64 4.51 7.67 4.49 3.94 8.37 2.84
128 4.53 7.55 4.87 4.13 7.98 3.62
256 4.56 7.50 5.02 4.01 8.22 3.39
512 4.76 | 7.57 5.37 | 4.48 | 8.25 4.44
1024 4.72 | 8.06 520 | 4.14 | 8.45 3.79

In summary, the chosen backbone of the base weight presents a higher performance of
around 1% to 2% of evaluated on common metrics as in the table. To be explained, the
base from COCO-80 contains more semantic concepts in comparison with the COCO-
60 base, which leads to the higher performance reported. Note that all the results in
this ablation section are reported for the 1-shot setting.

Ablation on instance triplet loss component. In terms of the instance triplet
loss described in Eq. 1, we establish ablation experiments to evaluate the performance
of the model with different configurations of margin and « value. To this end, we set
up the margin varying from 0 to 1, with a step of 0.25. For the « ratio of the loss
function (Eq. 3), we check out a = {1,1e7!,1e72}. To be enhanced, the margin value
indicates how distinguished foreground and background features are. Meanwhile, the
a controls the effect of the instance triplet loss on the total loss of the framework.
Table 7 presents the evaluation of both detection and segmentation issues in 1-shot
manner. As can be inferred from the table, the effect of o decides which margin should
be selected for the triplet loss. With @ = 1 meaning we keep the original ratio of
the loss, the segmentation result in 1-shot setting yields the highest performance of
5.16% mAP with a 0.75 margin value. Meanwhile, the detection result gets the highest
performance of 4.36% with a = le™' and zero margin. This table offers a better
understanding of the impact of o and the margin over the total performance.

Ablation on instance memory storage component. As for the instance mem-
ory storage, as introduced in Eq. 2, and Eq. 3, there are several parameters that need
analyzing, listed as the amount of capacity in the memory storage and the § ratio
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Table 9: Ablation study on the S ratio of the instance memory loss (Eq. 3) in 1-
shot settings. The best, and second best performances are marked in red, and blue,
respectively.

Segmentation Detection

h AP | AP50 | AP75 | AP | AP50 | AP75
le T | 3.36 6.58 2.91 3.69 8.02 2.90
le 2 | 4.57 | 8.02 4.74 3.73 7.78 2.76
le=® | 4.51 7.15 4.67 3.87 7.16 3.51
le=* [ 5.12 | 8.71 5.54 | 4.58 | 9.23 3.69
le=® | 4.44 7.58 3.89 | 4.06 7.99 3.63

controlling the effect of the memory storage loss in the total loss. Table 8, and Table
9 present the ablation experimental results of those issues, respectively. In terms of
the capacity of the memory storage, we establish experiments on a range of memory
capacity of 2¢ where i = {5,6,7,8,9,10}. The reported results figure out that the per-
formance on both segmentation and detection tasks increases with a larger capacity of
memory storage. To be detailed, with a capacity of 512, the mAP metric achieves the
highest value among configurations, i.e. 4.76% and 4.48% for segmentation and detec-
tion, respectively. Empirically, we select 512 to be the suitable capacity of the memory
storage, not the largest. To this end, the larger capacity can confuse the model in the
process of learning when retrieving information in such a large memory bank. Besides,
Table 9 expresses the effectiveness of the memory loss to the total loss function. As
can be inferred, 3 = le™* gives the best performance evaluated on mAP, AP50, and
AP75 among all configurations.

5 Conclusion

In this work, we investigated the interesting yet challenging problem of few-shot learn-
ing for camouflaged animal detection and segmentation. We first collect a new dataset,
CAMO-FS, for benchmarking purposes. We then propose a novel method to efficiently
detect and segment the camouflaged animals in the images. In particular, we introduce
the instance triplet loss and the instance memory storage. The extensive experiments
demonstrated that our proposed method achieves state-of-the-art performance on the
newly constructed dataset. We expect our work will encourage more research work in
this field. In the future, we would like to extend our work with more shots for new
classes. In addition, we aim to improve the computational model by taking the context
into consideration.
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Fig. 9: Qualitative comparison among the selected baseline MTFA [70] and our pro-
posed methods. The results are from 5-shot settings. “Memory” denotes Instance
Memory Storage and “Triplet” denotes Instance Triplet Loss. Predicted images are
visualized with a confidence threshold of 0.5, which released a huge number of pre-
dictions with low confidence from the models. The two final rows indicate exemplary
cases that either triplet loss or memory storage fails to handle camouflaged instances.

20



Authors Contribution Statement

The authors confirm contribution to the paper as follows: study conception and
design: Thanh-Danh Nguyen, Anh-Khoa Nguyen Vu, Tam V. Nguyen; data collection:
Thanh-Danh Nguyen, Anh-Khoa Nguyen Vu, Nhat-Duy Nguyen; analysis and inter-
pretation of results: Thanh-Danh Nguyen, Anh-Khoa Nguyen Vu, Thanh-Toan Do,
Tam V. Nguyen; supervision: Vinh-Tiep Nguyen, Thanh Duc Ngo, Minh-Triet Tran;
draft manuscript preparation: Thanh-Danh Nguyen, Anh-Khoa Nguyen Vu, Nhat-
Duy Nguyen. All authors reviewed the results and approved the final version of the
manuscript.

Ethical and Informed Consent for Data Used

The data used in this study did not involve ethical and informed consent.

Data Availability and Access

The data will be made available upon request from the authors.

Acknowledgments

This research was supported by the VNUHCM-University of Information Technology’s
Scientific Research Support Fund.

References

[1] Singh, S., Dhawale, C., Misra, S.: Survey of object detection methods in
camouflaged image. IERI Procedia 4, 351-357 (2013)

[2] Le, T.-N., Nguyen, T.V., Nie, Z., Tran, M.-T., Sugimoto, A.: Anabranch network
for camouflaged object segmentation. CVIU 184, 45-56 (2019)

[3] Le, T.-N., Nguyen, H.H., Yamagishi, J., Echizen, I.: Openforensics: Large-scale
challenging dataset for multi-face forgery detection and segmentation in-the-wild.
In: ICCV (2021)

[4] Kervrann, C., Heitz, F.: A markov random field model-based approach to unsu-
pervised texture segmentation using local and global spatial statistics. IEEE TIP
4(6), 856-862 (1995)

[5] Boykov, Y., Funka-Lea, G.: Graph cuts and efficient nd image segmentation. IJCV
70(2), 109-131 (2006)

[6] Li, X., Sahbi, H.: Superpixel-based object class segmentation using conditional
random fields. In: ICASSP, pp. 1101-1104 (2011)

21



[7]

[16]

[17]

[18]

[19]

Sulimowicz, L., Ahmad, 1., Aved, A.: Superpixel-enhanced pairwise conditional
random field for semantic segmentation. In: ICIP, pp. 271-275 (2018)

Galun, M., Sharon, E., Basri, R., Brandt, A.: Texture segmentation by multiscale
aggregation of filter responses and shape elements. In: ICCV, pp. 716-723 (2003)

Song, L., Geng, W.: A new camouflage texture evaluation method based on
wssim and nature image features. In: International Conference on Multimedia
Technology, pp. 1-4 (2010)

Xue, F., Yong, C., Xu, S., Dong, H., Luo, Y., Jia, W.: Camouflage performance
analysis and evaluation framework based on features fusion. Multimedia Tools
and Applications 75, 4065-4082 (2016)

Pan, Y., Chen, Y., Fu, Q., Zhang, P., Xu, X.: Study on the camouflaged tar-
get detection method based on 3d convexity. Modern Applied Science 5(4), 152
(2011)

Liu, Z., Huang, K., Tan, T.: Foreground object detection using top-down
information based on em framework. IEEE TIP 21(9), 4204-4217 (2012)

P. Sengottuvelan, A.W., Shanmugam, A.: Performance of decamouflaging through
exploratory image analysis. In: ICETET, pp. 6-10 (2008)

Yin, J., Han, Y., Hou, W., Li, J.: Detection of the mobile object with camouflage
color under dynamic background based on optical flow. Procedia Engineering 15,
2201-2205 (2011)

Gallego, J., Bertolino, P.: Foreground object segmentation for moving cam-
era sequences based on foreground-background probabilistic models and prior
probability maps. In: ICIP, pp. 3312-3316 (2014)

Fan, D.-P.; Ji, G.-P., Sun, G., Cheng, M.-M., Shen, J., Shao, L.: Camouflaged
object detection. In: Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition, pp. 2777-2787 (2020)

Song, L., Geng, W.: A new camouflage texture evaluation method based on wssim
and nature image features. In: 2010 International Conference on Multimedia
Technology, pp. 1-4 (2010). IEEE

Siricharoen, P., Aramvith, S., Chalidabhongse, T., Siddhichai, S.: Robust outdoor
human segmentation based on color-based statistical approach and edge combi-
nation. In: The 2010 International Conference on Green Circuits and Systems,
pp- 463-468 (2010). IEEE

Galun, M., Sharon, E., Basri, R., Brandt, A.: Texture segmentation by multiscale
aggregation of filter responses and shape elements. In: ICCV, vol. 3, p. 716 (2003)

22



[20]

[27]

[28]

[29]

[30]

[31]

Kavitha, C., Rao, B.P., Govardhan, A.: An efficient content based image retrieval
using color and texture of image sub-blocks. International Journal of Engineering
Science and Technology (IJEST) 3(2), 1060-1068 (2011)

Xue, F., Yong, C., Xu, S., Dong, H., Luo, Y., Jia, W.: Camouflage performance
analysis and evaluation framework based on features fusion. Multimedia Tools
and Applications 75(7), 4065-4082 (2016)

Hou, J.Y.Y.H.W., Li, J.: Detection of the mobile object with camouflage color
under dynamic background based on optical flow. Procedia Engineering 15, 2201—
2205 (2011)

Skurowski, P., Abdulameer, H., Baszczyk, J., Depta, T., Kornacki, A., Kozie,
P.: Animal camouflage analysis: Chameleon database. Unpublished Manuscript
(2018)

Zhai, Q., Li, X., Yang, F., Chen, C., Cheng, H., Fan, D.-P.: Mutual graph learning
for camouflaged object detection. In: Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition, pp. 12997-13007 (2021)

Li, A., Zhang, J., Lv, Y., Liu, B., Zhang, T., Dai, Y.: Uncertainty-aware
joint salient object and camouflaged object detection. In: Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp.
10071-10081 (2021)

Mei, H., Ji, G.-P., Wei, Z., Yang, X., Wei, X., Fan, D.-P.: Camouflaged object seg-
mentation with distraction mining. In: Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition, pp. 8772-8781 (2021)

Yan, J., Le, T.-N., Nguyen, K.-D., Tran, M.-T., Do, T.-T., Nguyen, T.V.: Mirror-
net: Bio-inspired camouflaged object segmentation. IEEE Access 9, 43290-43300
(2021)

Zhu, J., Zhang, X., Zhang, S., Liu, J.: Inferring camouflage objects by texture-
aware interactive guidance network. In: AAAT (2021)

Lv, Y., Zhang, J., Dai, Y., Li, A., Liu, B., Barnes, N., Fan, D.-P.: Simultane-
ously localize, segment and rank the camouflaged objects. In: Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp.
11591-11601 (2021)

Price, N., Green, S., Troscianko, J., Tregenza, T., Stevens, M.: Background
matching and disruptive coloration as habitat-specific strategies for camouflage.
Scientific reports 9(1), 1-10 (2019)

Le, T.-N., Nguyen, V., Le, C., Nguyen, T.-C., Tran, M.-T., Nguyen, T.V.: Cam-
oufinder: Finding camouflaged instances in images. In: Proceedings of the AAAI

23



32]

[36]

[37]

[38]

[39]

[40]

[41]

Conference on Artificial Intelligence, vol. 35, pp. 16071-16074 (2021)

Le, T.-N., Cao, Y., Nguyen, T.-C., Le, M.-Q., Nguyen, K.-D., Do, T.-T., Tran,
M.-T., Nguyen, T.V.: Camouflaged instance segmentation in-the-wild: Dataset,
method, and benchmark suite. IEEE Transactions on Image Processing 31, 287—
300 (2022)

Pia Bideau, E.L.-M.: It’s moving! a probabilistic model for causal motion
segmentation in moving camera videos. In: ECCV (2016)

Lamdouar, H., Yang, C., Xie, W., Zisserman, A.: Betrayed by motion: Camou-
flaged object discovery via motion segmentation. In: ACCV (2020)

Fan, Q., Zhuo, W., Tang, C.-K., Tai, Y.-W.: Few-shot object detection with
attention-rpn and multi-relation detector. In: Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR) (2020)

Kang, B., Liu, Z., Wang, X., Yu, F., Feng, J., Darrell, T.: Few-shot object
detection via feature reweighting. In: ICCV (2019)

Wang, X., Huang, T.E., Darrell, T., Gonzalez, J.E., Yu, F.: Frustratingly simple
few-shot object detection. In: ICML (2020)

Yan, X., Chen, Z., Xu, A., Wang, X., Liang, X., Lin, L.: Meta r-cnn: Towards
general solver for instance-level low-shot learning. In: ICCV (2019)

Redmon, J., Farhadi, A.: Yolo9000: better, faster, stronger. In: Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition, pp. 72637271
(2017)

He, K., Gkioxari, G., Dollar, P., Girshick, R.: Mask r-cnn. In: ICCV, pp. 2980-
2988 (2017)

Li, B., Yang, B., Liu, C., Liu, F., Ji, R., Ye, Q.: Beyond max-margin: Class mar-
gin equilibrium for few-shot object detection. In: Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR) (2021)

Hu, H., Bai, S., Li, A., Cui, J., Wang, L.: Dense relation distillation with context-
aware aggregation for few-shot object detection. In: Proceedings of (CVPR)
(2021)

Xiao, Y., Marlet, R.: Few-shot object detection and viewpoint estimation for
objects in the wild. In: European Conference on Computer Vision, pp. 192-210
(2020). Springer

Han, G., He, Y., Huang, S., Ma, J., Chang, S.-F.: Query adaptive few-shot object
detection with heterogeneous graph convolutional networks. In: Proceedings of the
IEEE/CVF International Conference on Computer Vision, pp. 3263-3272 (2021)

24



[45]

[46]

[47]

[48]

Han, G., Huang, S., Ma, J., He, Y., Chang, S.-F.: Meta faster r-cnn: Towards accu-
rate few-shot object detection with attentive feature alignment. In: Proceedings
of the AAAT Conference on Artificial Intelligence, vol. 36, pp. 780-789 (2022)

Li, A., Li, Z.: Transformation invariant few-shot object detection. In: Proceed-
ings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition
(CVPR) (2021)

Wu, J., Liu, S., Huang, D., Wang, Y.: Multi-scale positive sample refinement for
few-shot object detection. In: ECCV (2020)

Zhang, G., Luo, Z., Cui, K., Lu, S.: Meta-detr: Image-level few-shot object detec-
tion with inter-class correlation exploitation. arXiv preprint arXiv:2103.11731
(2021)

Han, G., Ma, J., Huang, S., Chen, L., Chang, S.-F.: Few-shot object detection
with fully cross-transformer. In: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition, pp. 5321-5330 (2022)

Sun, B., Li, B., Cai, S., Yuan, Y., Zhang, C.: Fsce: Few-shot object detection via
contrastive proposal encoding. In: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition, pp. 7352-7362 (2021)

Zhang, S., Wang, L., Murray, N., Koniusz, P.: Kernelized few-shot object
detection with efficient integral aggregation. In: Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition, pp. 19207-19216
(2022)

Qiao, L., Zhao, Y., Li, Z., Qiu, X., Wu, J., Zhang, C.: Defrcn: Decoupled faster r-
cnn for few-shot object detection. In: Proceedings of the IEEE/CVF International
Conference on Computer Vision, pp. 8681-8690 (2021)

Zhang, W.; Wang, Y.-X.: Hallucination improves few-shot object detection. In:
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition, pp. 13008-13017 (2021)

Zhu, C., Chen, F., Ahmed, U., Shen, Z., Savvides, M.: Semantic relation reason-
ing for shot-stable few-shot object detection. In: Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR) (2021)

Khandelwal, S., Goyal, R., Sigal, L.: Unit: Unified knowledge transfer for any-shot
object detection and segmentation. In: Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition (CVPR) (2021)

Liu, W., Zhang, C., Lin, G., Liu, F.: Crnet: Cross-reference networks for few-shot

segmentation. In: Proceedings of the IEEE/CVF Conference on Computer Vision
and Pattern Recognition (CVPR) (2020)

25



[57]

[58]

[59]

[62]

[63]

Dong, N., Xing, E.P.: Few-shot semantic segmentation with prototype learning.
In: BMVC, vol. 3 (2018)

Wang, K., Liew, J.H., Zou, Y., Zhou, D., Feng, J.: Panet: Few-shot image seman-
tic segmentation with prototype alignment. In: Proceedings of the IEEE/CVF
International Conference on Computer Vision (ICCV) (2019)

Saha, O., Cheng, Z., Maji, S.: Ganorcon: Are generative models useful for few-
shot segmentation? In: Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition (CVPR), pp. 9991-10000 (2022)

Tian, Z., Lai, X., Jiang, L., Liu, S., Shu, M., Zhao, H., Jia, J.: Generalized few-
shot semantic segmentation. In: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR), pp. 11563-11572 (2022)

Nguyen, K., Todorovic, S.: ifs-rcnn: An incremental few-shot instance segmenter.
In: Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition, pp. 7010-7019 (2022)

Gao, B.-B., Chen, X., Huang, Z., Nie, C., Liu, J., Lai, J., Jiang, G., Wang,
X., Wang, C.: Decoupling classifier for boosting few-shot object detection and
instance segmentation. In: NeurIPS 2022 (2022)

Han, Y., Zhang, J., Xue, Z., Xu, C., Shen, X., Wang, Y., Wang, C., Liu, Y., Li, X.:
Reference twice: A simple and unified baseline for few-shot instance segmentation.
arXiv preprint arXiv:2301.01156 (2023)

Wang, H., Liu, J., Liu, Y., Maji, S., Sonke, J.-J., Gavves, E.: Dynamic trans-
former for few-shot instance segmentation. In: Proceedings of the 30th ACM
International Conference on Multimedia, pp. 2969-2977 (2022)

Snell, J., Swersky, K., Zemel, R.: Prototypical networks for few-shot learning.
Advances in neural information processing systems 30 (2017)

Vinyals, O., Blundell, C., Lillicrap, T., Wierstra, D., et al.: Matching networks for
one shot learning. Advances in neural information processing systems 29 (2016)

Gidaris, S., Komodakis, N.: Dynamic few-shot visual learning without forget-
ting. In: Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition, pp. 43674375 (2018)

Fan, Z., Yu, J.-G., Liang, Z., Ou, J., Gao, C., Xia, G.-S., Li, Y.: Fgn: Fully guided
network for few-shot instance segmentation. In: Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition, pp. 9172-9181 (2020)

Ren, S., He, K., Girshick, R., Sun, J.: Faster r-cnn: Towards real-time object
detection with region proposal networks. In: NeurIPS, pp. 91-99 (2015)

26



[70] Ganea, D.A., Boom, B., Poppe, R.: Incremental few-shot instance segmentation.
In: Proceedings of (CVPR), pp. 1185-1194 (2021)

[71] Balntas, V., Riba, E., Ponsa, D., Mikolajczyk, K.: Learning local feature descrip-
tors with triplets and shallow convolutional neural networks. In: Bmvce, vol. 1, p.
3 (2016)

u, Z., Xiong, Y., Yu, S.X., Lin, D.: Unsupervised feature learning via non-

72] Wu, Z., Xi Y., Yu, S.X., Lin, D.: U ised f learning vi
parametric instance discrimination. In: Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition, pp. 3733-3742 (2018)

[73] Wu, Y., Kirillov, A., Massa, F., Lo, W.-Y., Girshick, R.: Detectron2. https://
github.com /facebookresearch /detectron2 (2019)

[74] He, K., Zhang, X., Ren, S., Sun, J.: Deep residual learning for image recognition.
In: CVPR (2016)

[75] Lin, T.-Y., Dolldr, P., Girshick, R., He, K., Hariharan, B., Belongie, S.: Feature
pyramid networks for object detection. In: CVPR (2017)

27



	TỔNG QUAN VỀ ĐỀ TÀI NGHIÊN CỨU
	Giới thiệu đề tài
	Định nghĩa bài toán
	Mục tiêu của luận văn
	Tăng cường đặc trưng phân biệt ở vùng biên cạnh để phân đoạn hiệu quả thực thể ngụy trang
	Khai thác đặc trưng phân biệt với ít dữ liệu huấn luyện để phân đoạn thực thể ngụy trang

	Đóng góp chính của luận văn
	Bố cục luận văn

	CÔNG TRÌNH LIÊN QUAN
	Tổng quan nghiên cứu về thực thể ngụy trang
	Các kiến trúc phân đoạn thực thể ngụy trang
	Phân đoạn thực thể với kiến trúc hai giai đoạn
	Phân đoạn thực thể với kiến trúc một giai đoạn
	Hướng tiếp cận sử dụng ít dữ liệu huấn luyện

	Các hướng tiếp cận khai thác đặc trưng có tính phân biệt cao
	Tăng cường đặc trưng biên cạnh
	Phương pháp học tương phản

	Các tập dữ liệu chuẩn về thực thể ngụy trang
	Tạm kết

	Mô hình CE-OST khai thác đặc trưng vùng biên cạnh
	Tổng quan
	Mô hình Transformer một giai đoạn CE-OST
	Giới thiệu mô hình
	Khối tăng cường đặc trưng biên cạnh
	Khối Transformer phân đoạn thực thể ngụy trang

	Thực nghiệm
	Cấu hình thực nghiệm.
	Kết quả thực nghiệm
	Thực nghiệm loại suy.

	Tạm kết

	Mô hình FS-CDIS học đặc trưng phân biệt với ít mẫu dữ liệu
	Tổng quan
	Bộ dữ liệu đề xuất CAMO-FS
	Mô hình FS-CDIS phân đoạn thực thể ngụy trang với ít mẫu dữ liệu
	Giới thiệu mô hình
	Khai thác đặc trưng ngụy trang với kỹ thuật học tương phản
	Củng cố đặc trưng ngụy trang với Bộ nhớ lưu trữ thực thể

	Thực nghiệm
	Cấu hình thực nghiệm
	Kết quả thực nghiệm
	Thực nghiệm loại suy

	Tạm kết

	KẾT LUẬN
	Kết quả đạt được
	Hướng phát triển
	Cải tiến các đặc trưng có tính phân biệt cao
	Áp dụng hướng tiếp cận cho bài toán trên ảnh y khoa


	CÔNG BỐ KHOA HỌC
	Tài liệu tham khảo

