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MO PAU
1. Ly do chon dé tai

Trong thoi dai cong nghé théng tin phét trién nhu hién nay, dic biét 1a linh vuc
Al véi cac hé thdng nhan dién thdng qua camera ngay cang nhiéu. Trong d6 phat hién
d6i tuong 1a mot tinh nang duoc dwoc nhiéu hé théng sir dung, nhat 1a trong cac hé
théng phan tich khach hang cua cira hang, hé théng giam sat an ninh. Hon thé nita,
tinh ning nay con duoc ap dung vao dé phan tich anh tir cac thiét bj bay khong ngudi
14i dugc lap camera nhu drone. Anh chup tir drone chup duoc rat nhiéu vat thé, goc
camera chup rong. Tuy nhién mét trong nhiing van dé gap phai cua no khi st dung
nhitng phuong phéap phat hién dbi twong truyén théng hién nay do 1a nhitng d6i tuong
loai nho thuong hay bi bé sot.

Nhitng ndm gan day, phat hién ddi twong (object detection) theo huéng tir
vung mao (open-vocabulary - OV) [1] da thu hat sy quan tdm nghién ctru ngay cang
nhiéu. Khac véi phat hién ddi tuong truyén thong chi nhan dang cac dbi twong thudc
cac danh muc c6 dinh, phat hién dbi twong tir vieng mo nham muc tiéu phat hién cac
dbi twgng trong mot tap hop danh muc mo. Cac md hinh huan luyén ca hinh anh-
ngon ngit (vision-language) dé phat hién cac doi twong tir vung mé. Trong d6, Vision
Transformer for Open-World Localization (OWL-ViT) [2] 1a mét trong nhitng mo
hinh phét hién tét nhat hién nay. Tuy nhién thuc tién cho thay mé hinh nay phat hién
nhitng d6i twong c6 kich thudc nho khéng tét.

Dé giai quyét cac van dé nay, dé 4n nghién ctu cai tién mé hinh Vision
Transformer for Open-World Localization (OWL-ViT) két hop véi ky thuat Slicing
Aided Hyper Inference (SAHI) [3] dé phét hién dbi twong tir vung mé cho cac dbi
tuong kich thudc nhé trong anh chup tir drone.

2. Tong quan vé van dé nghién cieu

Bai toan phat hién dbi teong (object detection) 1a mot bai toan trong linh vuc
thi giac may tinh, nham tim ra va xac dinh vj tri cling nhu loai d6i tugng xuat hién
trong mét hinh anh hoic video. Cu thé, bai toan phat hién dbi twong yéu cau md hinh
hoc may c6 kha nang nhan dién va phan loai cac ddi tugng khac nhau trong hinh anh
va dong thoi dua ra thong tin Ve vi tri ciia ching. Diéu nay thuong dugc thyuc hién
bang cach tao ra cac hop bao (bounding boxes) xung quanh cc d6i trong va gan nhan
cho chiing. Bai toan nay tir lau da dugc nghién ctu rat nhiéu tuy nhién cac phuong
phap trude dem lai hiéu qua chwa cao nhu phét hién thiéu, nham déi twong, nhat Ia
V6i cac dbi tuong kich thudc nho. Bac biét cac loai ddi twong chi c6 thé dugc phat
hién néu n6 nam trong tap huan luyén, muén phat hién thém Iép méi ta phai thu thap
dir liéu cho ching va tién hanh dao tao lai md hinh tir dau, va c6 rat nhiéu loai dbi
tuong rat kho dé thu thap dir liéu.



Véi sy phét trién caa cong nghé kém theo su phét trién cua dir liéu, nhirng y
tuong maéi két hop gitra van ban, dé phat hién ddi twong trong anh tét hon. Va mot
huéng di méi cho bai toan nay chinh 1a phat hién ddi tuong tir vung ma (open-
vocabulary detection- OVD). Trong phét hién déi twong truyén théng, mé hinh chi
phat hién duoc nhitng dbi twong cu thé da duoc dao tao (tap dbi twong cb dinh).
Nguoc lai, nhd su két hop dao tao giira ca dir liéu van va hinh anh, phat hién doi
tuong tir vung mé, md hinh c6 thé phét hién duoc ca nhitng ddi twong chua duoc
huan luyén. Nhan dau vao 1a mot cap hinh anh — vin ban (image-text), vian ban gom
nhitng danh tir can phat hién trong birc anh, sau d6 mé hinh phat hién ddi twong tir
vung mo s& cho ra két qua phat hién gom cac hop bao vat thé (bounding boxes) va
tén (g voi cac danh tir cua dbi tuong. Nhu vay, phét hién ddi tuong tir veng mé da
khac phuc duoc van dé tap d6i twong phat hién bi han ché, su két gitta van ban va
hinh anh s& giup ting do chinh xac cho phét hién d6i twong trong anh. Mot trong
nhitng mo hinh cho két qua tt nhat voi phét hién doi tuong tir vung mo hién nay do
la Vision Transformer for Open-World Localization (OWL- ViT) . M6 hinh OWL-
ViT dugc thiét ké dya trén Kién trac co ban cua Vision Transformer [4] va Text
Transformer [5], huan luyén trudc n6 vai mot tap dix liéu 16n gom cac cap hinh anh-
vin ban. Dé phat hién dbi turong tir vung mé, loai bo token pooling va thém vao hai
dau phan loai va xac dinh vi tri d6i tuong (object classification head va object
localization head) lam dau ra caa Vision Transformer encoder. Dau xac dinh vi tri
d6i tugng la mot mang no ron truyén thang nhiéu 16p-Multi-Layer Perceptron (MLP)
[6], cho ra toa d6 cac di twong 1a cac hop bao (bounding boxes), sé hop bao bang sb
luong tir ciia dau vao van ban (mdi tir tng véi mot danh tir 1a mot 16p dbi twong can
dugc phat hién). Phan van ban dau vao duoc xir Iy qua Text Transformer encoder s&
duogc st dung két hop véi dau phan loai dé phan loai d6i twong, gan nhan cho d6i
tugng da duogc xac dinh véi bounding box. OWL-ViT cho két qua phat hién d6i tugng
rat an twong nhu dat 34.6% AP tong thé va 31.2% AP lép hiém cho céc class khdng
dugc huan luyén trudc trén tap LVIS. Pay 1a mot mé hinh 6 kién tric don gian, rat
dé dé mo rong phat trién.

Tuy nhién thuc nghiém cho thdy OWL-ViT phat hién cac déi tuong kich thudc

nho khdng tot, cu thé 1 rat nhiéu dbi twong nhé trong budc anh khong dwgc phat
hién. Va ddy 1a mot van dé caa mo hinh can duoc cai thién. C6 rat nhiéu giai phéap
gilp mo hinh phét hién ddi tugng kich thudc nho trong anh duoc tét hon. Bé an nay
str dung mot trong nhirng ki thuat méi va tét nhat hién nay d6 1a Slicing Aided Hyper
Inference (SAHI) dé giai quyét van dé nay cho OWL-ViT. Ky thuat SAHI c6 thé ap
dung véi bat ki mé hinh phét hién d6i twong nao. Trong qué trinh tinh chinh, phuwong
phap nay chia btc anh thanh cac nhiéu phan chdng 14n nhau (overlapping patches).
Céc patches nay duogc thay doi kich thuéc, tuy nhién van gii nguyén ty 1& khung hinh,



tao ra cac birc anh ting cuong, nham muc dich ting kich thudc cua dbi twong so Vo
trong hinh anh géc. D6i voi qua trinh suy luan, anh dau vao ciing dugc SAHI chia
thanh cac overlapping patches. Sau d6, thuc hién phat hién dbi tuong cho ting
patches, va hop nhat ching lai thu dugc két qua cho anh dau vao. Bang cach nay,
SAHI di gitip ting AP cho phat hién ddi tuong véi cac mo hinh phét hién déi tuong
truyén théng 6.8%, 5.1%, 5.3% lan luot cho FCOS, VFNet, TOOD [7][8][9]. SAHI
cling duoc trién khai két hop rong réi voi cac md hinh phé bién YOLO [10].

T trén, c6 thé thdy ring OWL-VIT da st dung két hop gitta thong tin giira
van ban va hinh anh dé phét hién d6i tuong tir vung ma. Biéu nay gilp cho viéc phat
hién ddi tuong chinh xac hon, phat hién dwoc céc 16p d6i twong khong qua huan
luyén. Py ciing 1a mot mé hinh vai Kién trac co ban, rat dé dé ma rong va phat trién
thém. Trong khi d6, k¥ thuat SAHI vé&i phuong phép chia cat hinh anh gidp cho viéc
phét hién dbi tuong kich thudc nho hiéu qua hon, di khac phuc mot van dé thuong
xuyén gap phai trong cac mo hinh phat hién d6i twong. Bang viéc tan dung wu diém
ciia md hinh OWL-ViT va ky thuat SAHI, dé &n s& trinh bay phuong phap két hop
OWL-ViT dé phat hién ddi tugng tir vung mé co kich thudc nho trong anh chup tir
drone.

3. Muc dich nghién ctiru

Pé an nay nghién ciru phat hién d6i tuong tir vung ma c6 kich thuéc nho trong
anh chup tir drone. Giai phap sir dung mé hinh OWL-ViT dé phét hién déi twong tur
vung ma, két hop vai ky thuat SAHI gitp mo hinh phét hién ddi tuong tot hon. Vi
viéc phét hién d6i twong nho trong anh tot hon sé& gitp cho cac hé théng Al giam sét,
phan tich thdng tin qua camera nhan phét hién nhiéu d6i tuong hon, gitp cho viéc
phan tich hinh anh dugc chi tiét va chinh xac hon.

Khia canh Iy thuyét:

e Nghién ciru: Hiéu sau hon vé hudéng di mai trong phét hién déi twong la phat
hién d6i twong tir vung ma. Nghién cau md hinh OWL-ViT va ki thuat SAHI,
kha ning két hop &p dung vao bai toan phét hién ddi tuong kich thudc nho
trong anh chuyp tur drone.

e Phan tich so sanh: Bé thyc hién nghién ciu danh gia phuong phap két hop
gitta OWL-ViT + SAHI s& gilip phat hién d6i tugng kich thudc nhé tét hon so
véi chi st dung OWL-ViT hoic SAHI két hop voi phuong phap khac bang
cach lap bang so sanh két qua trén tap dit liéu VisDrone2019-Detection [11].

e Hiéu van dé: DBé hiéu duoc nhitng van dé, thach thiic trong bai toan phat hién
d6i tugng kich thuéc nho trong anh chyp tir drone. Tir 6 c6 nhimng y tuong dé
nghién cuu giai phap.

Khia canh thuc tién:



e Cai dat md hinh: Lap trinh md hinh két hop gitta OWL-ViT + SAHI dé nhan
dién nhimg ddi tuong kich thudc nho trong anh chup tir drone.

e Ung dung trong tao bo dir liéu: Phuong phap OWL-ViT + SAHI s& gilp thuc
hién danh nhén dit liéu ty dong hiéu qua hon khi c6 thé phat hién cac d6i teong
nho tét hon. Tur d6, c6 thé tng dung xay dung cong cu danh nhin dit liéu tu
dong voi phuong phap nay.

e Ung dung trong san pham: Phat hién dbi twong trong anh chup tir drone c6
tinh ttng dung cao trong cac hé théng gidm sat, phan tich & khdng gian rong
phat hién vat thé tir trén cao.

4. Péi twong va pham vi nghién ciru
Déi tugng nghién cau:

e Ddi tuong: Poi tuong chinh cua nghién ctu nay l1a dir lidu anh, cu thé 1a céc
d6i twong c6 kich thude nho duoc chup tir drone.

e (Cong nghé: Cac céng nghé dugc nghién ciu 1a mé hinh phat hién ¢6i OWL-
ViT va ky thuat SAHI.

Pham vi nghién cuu:
e Pham vi: Anh chup tir drone. Cu thé 13 bo dit liéu VisDrone2019- Detection.
e Khung thoi gian: Du &n du kién s& duoc hoan thanh trong khoang thoi gian
bdn thang. Nghién ctru s& bao gom cac bai bao va bo dir liéu tinh dén cudi nam
2023.
5. Phwong phap nghién ciru

Dé an duoc nghién ctu dua trén ca ly thuyét va thuc nghiém. Xay dung mo
hinh dua trén cac phuong phap duoc nghién ctu tir cac bai bao khoa hoc vé phat hién
d6i twong trong anh.
Thu thap dix liéu:

e Bo dir liéu drone: B dir liéu duoc chup tir drone VisDrone2019-Detection,
godm céc hinh anh chup tir trén cao, goc rong véi rat nhiéu déi tuong kich thudc
nho trong anh. Bao gém 10,209 anh v&i 2,6 triéu ddi twong dugc chia lam 3
tap dao tao-xac thuc-kiém thir. Cac loai dbi twong trong anh: nguoi di bo, dam
dong nguoi, xe dap, 0 t6, xe ban tai, xe tai hang nang, xe ba banh, xe ba gac,
xe bus.

e Tién xu ly dit liéu: Loc bé anh mo, nhidu. Chinh sira lai nhin danh sai. Pua
vé dang nhan di lidu pht hgp cho mé hinh.

Thiét lap thu ngiém:

e Mai trudng: Thuc nghiém s& duoc tién hanh trén mot may tinh dwoc Kiém soét
dé dam bao kha nang thtr nghiém nhiéu lan.

e (CoOng cu va thu vién: Ngon ngir 1ap trinh Python s€ duoc sur dung cung véi cac
thu vién hd tro ngdn ngir nay.



Phuong phap:

Nghién ctu tai liéu: nghién ciru cac bai bao khoa hoc vé OWL-VIiT va SAHI
dé hiéu sau hon vé mé hinh va ky thuat trén.

Xay dung phuong phap: két hop gitta md hinh phat hién dbi twong tir vung mé
OWL-ViT va ky thuat hd tro phét thién d6i twong kich thuéc nho SAHI.

Dao tao md hinh: X ly dit liéu, tién hanh tinh chinh (fine-tuning) véi cac bo
dix liéu VisDrone2019-Detection.

S6 liéu danh gia: M6 hinh s& duoc danh gia dya trén diém AP thu duogc trén
cac bo dur liéu.

Pénh gia: Panh gia két qua md hinh dy doan trén cac tap dir liéu. So sanh
OWL-VIiT véi trudc va sau khi st dung thém SAHI. Ngoai ra ciing so sanh
thém vai cac két qua trén cac tap dit liéu da co cua nhitng mé hinh phét hién
d6i twong khac nhu TOOD, FCOS, VFNet.

Xay dung demo cho phuong phap OWL-ViT+SAHI dé thay rd két qua phét
hién doi tuong tir vung mo cé kich thudce nhé trong anh.

Tt muyc tiéu, nhiém vy nghién ctru, dé an s& duoc cau tric véi ba chuong noi

dung chinh nhu sau:

Chuong 1:T6ng quan van dé nghién ctu
Chuong 2: Phuong phap OWL-ViT két hop SAHI
Chuong 3: Thyuc nghiém va danh gia



Chuong | - TONG QUAN VAN PE NGHIEN CUU

1.1 Bai toan phat hién ddi tweng
1.1.1 Téng quan phat hién doi twreng

Mot trong nhitng linh vuc quan trong cua Tri tué nhén tao (Artificial Intelligence)
la thi giac may tinh (Computer Vision). Computer Vision 1a mot linh vuc bao gdm
cac phuong phap thu nhén, xtr Iy anh k§ thuét s6, phan tich va nhan dang cac hinh
anh, phat hién cac d6i tuong, tao anh, siéu phan giai hinh anh va nhiéu hon vay. Phét
hién ddi twong-Object detection c6 1& 13 khia canh sau sic nhat cua thi giac may vi
duoc &p dung nhiéu trong thuc té.

S& kha kho cho ngudi méi bat dau dé phan biét cac nhiém vu khac nhau cua
computer vision. Chang han nhu phan loai hinh anh (image classification) 1a gi? Pinh
vi ddi tuong (object localization) 1a gi? Su khéc biét gitra dinh vi vat thé (object
localization) va phat hién ddi tugng (object detection) 1a gi? Pay 1a nhirng khai niém
c6 thé gay nham I3n, dac biét 1a khi ca ba nhiém vu déu lién quan dén nhau. Hiéu mot
cach don gian:

e Phan loai hinh anh (image classification): lién quan dén viéc gan nhan cho
hinh anh. M@ hinh tri tué nhan tao s& du doan nhan ctiia mot déi twong trong mot hinh
anh. Pau vao: mat hinh anh véi mot d6i twong. Dau ra: nhan 16p cua ddi tugng trong
anh. Vi du nhu mo hinh nhan anh dau vao chi chita mot con vat va cho ra két qua tén
con vat do.

o binh vi dbi twong (object localization): lién quan dén viéc vé mot hop gisi han
(bounding box) xung quanh mét hoic nhiéu déi twong trong hinh anh nham khoanh
ving d6i twong. Nghia 1a mé hinh s& xac dinh vi tri hién dién caa cac dbi tuong trong
anh va cho biét vi tri cua ching bang bounding box. Pau vao: Mot hinh anh c6 mot
hoac nhiéu dbi twong. Pau ra: Mot hoic nhiéu bounding box duge xac dinh boi toa
d6 tam, chiéu rong va chiéu cao. Chang han dau vao 1a mot bt anh chira ca hai con
vat ché va méo, dau ra s& 1a hop bao hinh chix nhat bao quanh mdi con vat.

o Phét hién dbi tuong (object detection): La nhiém vu kho khin hon va 1a su két
hop cuia ca hai nhiém vy trén: V& mot bounding box xung quanh timg dbi twong quan
tam trong anh va gan cho ching mét nhan. Két hop ciing nhau, tit ca cac van dé nay
duoc goi |4 object recognition hoic object detection. Pau vao: mot hinh anh ¢6 mot
hodc nhiéu ddi tuong. Pau ra: mot hoic nhiéu bounding box twong @ng Vi nhan doi
twong. Vi du nhu mo hinh nhan dau vao 1a mét bac anh chira ca hai con vat cho va
meéo, két qua dau ra sé 1a hai hop bao hinh chir nhat bao quanh mdi con vat va tén con
vat twong (rng canh mdi hop.



classification localization detection

cat cat

Hinh 1.2: Phat hi¢n nhiéu déi tweng trong mot anh

Bai toan phat hién ddi tugng dé cap dén kha niang cua hé thong may tinh va
phan mém dé dinh vi cac déi twong trong mot hinh anh va xac dinh ting dbi tuong.
Object Detection di dwoc st dung rong rdi dé phat hién khudn mit, phat hién xe, dém
s6 nguoi di bo, hé théng bao mat va xe khong ngudi 14i,. ..

1.1.2 Phét hién déi twong trong @nh chup tir Drone

Trong thoi dai cong nghé théng tin phét trién nhu hién nay, dac biét 14 linh vyc
Al véi cac hé thdng nhan dién thdng qua camera ngay cang nhiéu. Trong d6 phat hién
dbi trong 1a mot tinh ning dugce dugc nhiu hé thdng su dung, nhit 1a trong cac hé
théng phan tich khach hang cua cira hang, hé thong giam sat an ninh. Hon thé nita,
tinh ning nay con duoc ap dung vao dé phan tich anh tir cac thiét bi bay khong ngudi
14i duoc lip camera nhu drone. Anh chyp tir drone chup duoc rat nhiéu vat thé, goc
camera chup rong. Phat hién déi twong tir anh chup cta drone c6 nhiéu tng dung quan
trong, bao gom:

e Giam sat va An ninh: Drone c0 kha nang bay trén cao va thu thap dix liéu anh
tir cac goc do khac nhau. Cac mé hinh phat hién ddi tugng c6 thé duoc sir
dung dé phét hién cac dbi twong xam nhap la tai cac khu vuc quan trong nhu
bién gidi, cac co sd quan sy. Pidu ndy gilp nang cao an ninh va dam bao sy
an toan cong cong.



e Quan ly mdi trudng va tai nguyén: Phét hién ddi twong tir anh chup cua drone
c6 thé hd tro trong viéc giam sat moi trudong ty nhién nhu phat hién ving dat
ring bi tan pha, theo ddi su bién doi cua cac khu vuc dat va dénh gia tinh trang
dai duong. N6 ciing c6 thé dugc st dung dé theo ddi tai nguyén néng nghiép,
nhu danh gia mat do cay trong, giam sét sy phat trién va phat hién bat thuong
trong vudn trong.

e Quan ly thién tai va khiac phuc hau qua: Drone c6 thé dugc sir dung dé chup
anh tir khong gian sau cac thién tai nhu dong dat, 1ii 16i va con bdo. M6 hinh
Al c6 thé gilp phét hién céc ving bi ton thuong, danh gia mirc d6 thiét hai va
hd tro quyét dinh khac phuc hau qua.

e Quan ly cong trinh va xay dung: Bang anh chup tir Drone, cac mo hinh phét
hién dbi twong s& phat hién cac cong trinh xay dung trai phép trai véi quy
hoach. Tir d6 hd tro viéc giam sat cac cong trinh xay dyng va ha tang.

T, : ke

Hinh 1.3: Anh chup thanh phé tir Drone

1.2 Céc nghién ctru lién quan
1.2.1 Mét sé phwong phdp phdt hién déi twong tir vung dong

Phat hién d6i tuong tir vung dong 13 cac mé hinh di dwoc cb dinh hoa tén céc
dbi twong la c4c tir vung nhat dinh va tir ng, tén loai d6i twong khong duoc sir dung
trong qué trinh hoc tap cua mo hinh.

Ban dau, cdc md hinh "one-stage" va "two stage" nhu SSD [12] va Faster-
RCNN [13] rat dugc ua chudng. Pay déu 1a cac md hinh thuan CNN [14], kién tric
mé hinh phan Ién xay dung déu dya trén céc Iép CNN. Kién tric mang Faster-RCNN
c6 2 phan chinh 13 “two stage”:



Region Proposal Metwork

Comy_class

Objeet-like regions proposed
in feature map

Hinh 1.4: Kién tric mang Faster-RCNN

Trong phan dau tién, cac ban do dic trung cua anh gbe duoc tao boi cac mang
trich xuat dic trung (VGG, ResNet, Inception, Inception Resnet-v2, v.v.). Vaban
d6 dac trung tir mot s6 16p tich chap trung gian di chon duoc sir dung dé du doan céac
ving dé xuat co diém sé ddi twong va vi tri theo Mang dé xuat khu vuc (RPN). Giai
doan nay chi dua ra diém s6 udc tinh xac suat cua déi tugng hoic khong ddi twong
va bounding box cho mdi vung dé xuat bang I6p two-class softmax va ham mat mat
manh mé (robust loss function) (Smooth L1). Trong phan thi hai, vi tri ciia cac ving
dé xuét duoc str dung dé cit cac vang dic trung tir cing mot ban d6 dic trung trung
gian bang céch sir dung Iép ROI pooling (Region of Interest Pooling - Rol Pooling).
Va ban db dic trung cho ting ving dé xuat duoc cung cap cho phan con lai cia mang
dé du doan diém sé cu thé cua I6p va tinh chinh vj tri bounding box. Mang nay duoc
chia sé mot phan tinh toan bang céch cat cac ving dé xuat tir ban d6 dic trung dugc
tao boi cling mot Iép tich chap trung gian trong phan dau tién. Van dé cua phuong
phap nay la mdi ving dé xuét van phai dugc cho vao phan con lai cua mang dé tinh
toan riéng. Do d6, tdc d6 phat hién phu thudc vao sb ving dé xuat tir RPN.

Mot trong nhitng mé hinh “one-stage” duoc sir dung pho bién 1a SSD. Kién triic mang
SSD duoc chia lam 3 phan:

Extra Feature Layers
VGG-16 [ A \

== Classifier : Conv: 3x3x(4x(Classes+4))

N
N
N\
N
N

38
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SSD

Convé_3 Conv: 3x3x(4x(Classes+4))
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250 NED)
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Conv: 3x3x1024 Conv: 1x1x1024 Conv: 1x1x256 Conv: 1x1x128 Conv: 1x1x128 Conv: 1x1x128
Conv: 3x3x512-s2 Conv: 3x3x256-s2 Conv: 3x3x256-s1 Conv: 3x3x256-s1

38

| Detections:8732 per Class l

\ 512

Hinh 1.5: Kién tric mang SSD
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Phan 1, Cac 16p tich chap co ban bao gdm mang trich xuat tinh ning nhu VGG
ResNet, Inception, Inception Resnet -v2, v.v. L&p tich chap trung gian caa phan nay
tao ra mot ban d6 dic trung c6 ty 18 16n, ¢6 thé duoc chia thanh nhiéu c¢6 kich thuéc
nho hon, it dic trung hon dé phat hién cac ddi tuong nho hon. Phan 2, Cac 16p tich
chap bd sung ndi véi 16p cudi cling ciia mang tich chap co ban. Phan nay cua cac 16p
tao ra c4c ban do dic trung da ty 1& c6 kich thudc 16n hon cia cac truong tiép nhan
dé phat hién dbi twong 16n hon. Phan 3, Céc lop tich chap du doan str dung bo loc
tich chap nho du doan cac vi tri bounding box va dé tin cay cho céc 16p ddi tuong.
Pé gitr nguyén translation variance, SSD chon cac 16p trudc d6 dé tao ban d6 dic
trung quy mo 16n, duoc sir dung dé phét hién cac d6i twong nho. Tuy nhién, cac dac
trung trong cac ban do nay tir cac 16p trude d6 khong du phirc tap, diéu nay dan dén
hiéu suat kém hon trén cac dbi twgng nho hon.

Gan day, mo hinh DETR (Detection Transformer) [15] duoc phat trién, sir
dung Transformer dé phét hién d6i tuong. Khéac véi nhitng phuong phép truyén thong
& trén dua trén viéc hiéu chinh phan loai cac loai dbi twong va do tin cay cua hop bao
vit thé trén anchor boxes duoc dinh nghia tir truée. Vi Transformer thuc chat bién
d6i chudi nén DETR c6 thé coi nhu 13 qué trinh bién ddi tir chudi hinh anh dén dbi
tuong truy van.Kién tric mang DETR bao gom 3 thanh phan chinh Backbone,
Encoder va Decoder:

__________________________________

| class, }1 ! >
{ box § 1 =~ o~
— — A

FFN

no
object

: transformer
" decoder
1

:' box 1
i T '
TYY :
by object queries Il !

_____________________________________________________________________

transformer
encoder

class,

Hinh 1.6: Kién tric mang DETR

Dau tién, DETR sir dung mot Backbone (nhu 1a ResNet, ViT,..) dé trich xuat dic
trung, ta thu duoc bo dic trung cua anh ¢d chiéu 1a CxHxW sau d6 mot 16p tich chap
1x1 dugc sir dung dé giam sb chiéu caa C giam xudng con d, ta duoc cac dic trung
méi ¢6 chiéu 1a dxHxW. Sau khi giam chiéu, cac dic trung s& duoc thém vi tri
(Spatial Position Encoding) roi sau c6 dua vao Encoder. Cau tric cia DETR Decoder
Vé co ban ciing twong tu nhu Transformer, khac biét 1a Decoder decode N di tugng
mot cach song song va cach thém vi tri (Position Encoding) ¢ Decoder. DETR
Decoder ¢6 2 dau vao: 1 1a dau ra ctia Encoder, 2 1a d6i twong truy van. Pdi tuong
truy van ciing duoc tac gia goi la learned positional embedding. C6 thé hiéu don gian
la dua vao cac dac trung da duoc encode boi DETR Encoder, DETR Decoder s
chuyén d6i 100 truy van thanh 100 muc tiéu. Cudi cing, cac 16p du doan duoc dua
ra thdng qua l6p Linear va Box prediction dugc dua ra boi MLP. M6 hinh DETR la
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mot hudng tiép can méi so véi hudng tiép can CNN truyén théng. Van dé cia DETR
cling nhu cac mé hinh trude d6 1a kha té trong viéc phat hién ddi tuegng nho.
1.2.2 Phét hién déi twong tir veng me

Phuong phap phat hién dbi tuong truyén thdng xac dinh vi tri va phan loai cac
dbi twong trong mot tap hop danh muc ¢é dinh, nhu dwgc thé hién trong Hinh 1.7. Do
d6, nguoi 1ap trinh phai lién tuc huan luyén lai mé hinh dé phu hop véi cac tng dung
thue té khac nhau, vi cac ung dung khac nhau thudng co cac tap hop danh muc céc
d6i twong khac nhau. Diéu nay gay nhitng khé khan vé mat thu thap dit liéu cho céc
d6i twong mai khong phai lac nao ciing dé kiém va du da dang. Cung véi d6 viéc mat
thém nhiéu thoi gian thu thap dit liéu va dao tao lai mé hinh ciing c6 thé anh huang
dén tién do cua dy an.

Véi su phat trién cia cdng nghé kém theo sy phét trién caa dir liéu, nhiing y
tuong mai két hop gitta van ban, dé phat hién ddi twong trong anh tét hon. Va mot
huéng di méi cho bai toan nay chinh 1a phat hién ddi twong tir vung ma (open-
vocabulary- OV). Nho sy két hop dao tao gitra ca dit liéu van va hinh anh, phat hién
d6i twong tir veng ma, mo hinh c6 thé phét hién duoc ca nhitng dbi twong chua dugc
huan luyén. Nhan dau vao 1a mét cap hinh anh — vin ban (image-text), van ban gom
nhitng danh tir can phat hién trong birc anh, sau d6 mé hinh phat hién ddi twong tix
vung maé sé& cho ra két qua phat hién gom cac hop bao vat thé (bounding boxes) va
tén g voi cac danh tir cua dbi tuong. Nhu vay, phét hién doi tugng tir vung mo da
khic phuc duoc van dé tap dbi twong phat hién bi han ché, su két gitra vin ban va
hinh anh s& gilp tang do chinh xac cho phat hién dbi tuong trong anh.

Input Image Detection Results Fixed-Set Detection Data

Localize,
e S

Detection
Model

Classify B
Emm— R 5|
L6 . a

(a) Fixed-Set Object Detection

G

Detection Results
Localize

Detection
[Candidate Categories Model

VL Match "’7 Gl
- . B

Person
Building
Train
Track

\ 4

[Rock near the track under 1/1(’]

(b) Open-Vocabulary Object Detection train, in front of the mountain

Hinh 1.7: Phat hién déi tweng truyén théng va phat hién déi twong tir vang mé
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1.2.3 Mgt sé ky thudt hé tre phat hién déi tweng nhg.

C6 mot sb ki thuat hd tro phét hién di tegng nho trong thi gidc may tinh. Cac
phuong phép nay sir dung c&c chién luoc va thuat toan khac nhau dé cai thién hiéu
suat phat hién, dic biét 1a cho cac ddi twong co kich thudc nho. Dudi day 1a mot sé
k§ thuat phé bién hién tai.

Kim ty thap anh (Image Pyramid): Phuong phap nay tao ra nhiéu phién ban
Véi ty 18 khac nhau ciia anh dau vao bang cach thyuc hién giam mau hoic ting mau.
Cac phién ban nay, goi la cac cap do kim ty thap, cung cap cac do phan giai khac
nhau cta anh. Cac mé hinh phat hién dbi tugng c6 thé ap dung thuat toan phat hién
trén mdi cap do pyramid dé xir 1y cac ddi twong ¢ cac ty 1é khac nhau. Trong hinh
dudi day, ky thuat kim tu thap anh da duoc ap dung cho mét hinh anh ctia mat troi.
Phuong phép nay cho phép phét hién cac ddi tugng nho bang cach tim kiém ching o
cac cap do kim tu thap thap hon, noi chiing c6 thé noi bat va cé thé phan biét tot hon.

Hinh 1.8: Ky thuat kim tw thap anh

Ctra s6 truot (Sliding Window): Phuong phap nay bao gdm viée trugt mot cta
s6 ¢6 kich thugc cb dinh trén anh ¢ céc vi tri va ty 18 khac nhau. Tai mdi vi tri cta s6,
bo phat hién d6i twong ap dung mot mé hinh phan loai dé xac dinh xem c6 dbi tuong
nao xuat hién hay khong. Bing cach xem xét cac kich thudc va vi tri cira so6 khéc
nhau, bo phét hién cd thé tim kiém hiéu qua cac d6i twong nho trén toan bo anh. Tuy
nhién, phuong phap sliding window c6 thé ton kém vé mat tinh toan, dic biét I1a khi
xir Iy anh 16n hozc nhiéu ty 18 khéc nhau.

Hinh 1.9: Phwong phap cira s6 trugt

Ky thuat trich xuat dic trung da ty 1& (Multiple Scale Feature Extraction):
Phuong phap nay xir Iy anh & nhiéu d6 phan giai khac nhau hozic &p dung cac 16p tich
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chap véi cac linh vuc nhan thic khac nhau. Bang cach két hop cac dic trung tir cac
ty 1& khac nhau, md hinh c6 thé tang hiéu qua nhan dién cac ddi twong nho va Ion
trong anh. Phuong phap nay gitip bao ton cac chi tiét nho lién quan dén viéc phét hién
cac dbi twong kich thuéc nho.

1x1 3x3 St P 9x9

multiscale feature extraction layer

Hinh 1.10: Ky thuit trich xuét diic trung da ty |¢

Tang cuong dit lidu (Data augmentation): Pay 1a mot trong nhiing k¥ thuat noi
tiéng nhat trong thi giac may tinh c6 thé cai thién hiéu suat phat hién dbi teong nho
bang céch tao ra cac mau huan luyén bo sung. Cac phuong phap ting cudng nhu cat
ngiu nhién, thay d6i kich thudc, xoay, hoic thém nhidu nhan tao cd thé gilp tao ra
c4c bién thé trong tap di liéu, cho phép md hinh hoc cac dic trung manh mé cho cac
d6i tuong nho. Cac k¥ thuat ting cudng ciing ¢ thé md phong cac ty I, quan diém
va che phu khac nhau cua dbi tuong, giip md hinh phat hién tong quat tét hon voi
c4c tinh huéng thuc té.

Original Rotation Flip Scaling Brightness
~Irr gy
&"M‘ *'J:ﬂ'f. N s

Hinh 1.11: Tang cwong dir liu

Hoc chuyén giao (Transfer learning): Phuong phap nay lién quan dén viéc tan
dung kién thire da hoc tir viéc tién huan luyén trén cac bo dir liéu quy md 1on (vi du:
ImageNet) va ap dung n6 vao cac nhiém vy phét hién di twong. Cac mé hinh dugc
tién huan luyén, dic biét 12 nhitng mé hinh véi kién tric mang CNN sau, ghi lai céc
dic trung phan cap phong phu cd loi cho viéc phat hién d6i tugng nho. Bang céch
diéu chinh mé hinh duoc tién huan luyén trén cac bo dir liéu muc tiéu, md hinh hién
dbi tuong cd thé nhanh chdng thich nghi vai cac nhiém vu méi, st dung cac biéu dién
d3 hoc va cung cip kha nang phat hién tot hon cho cac ddi tugng nho.
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1.3 Vén dé phat hién doi twong kich thwéc nhé trong anh
1.3.1 Nguyén nhan phat hién déi twong kich thwéc nhé khong tét trong d@nh
Drone

Phét hién ddi tuong trong anh drone duoc tng dung trong thuc té rat nhiéu va
n6 cling c6 rat nhidu van dé can khic phuc. Mét trong nhitng van dé gip phai cua né
khi sir dung nhitng phuong phéap phat hién ddi twong truyén théng hién nay dé la
nhitng d6i twong loai nho thudang hay bi bé s6t. Anh chup tir drone chup duoc rat
nhiéu vat thé, goc camera chup rong. Nhiém vu phét hién déi twong gap nhiéu kho
khin do kich thuéc nho va d6 phan giai thap caa cac ddi tuong, ciing nhu cac yéu td
khac nhu che khuat, nhiéu nén va bién doi trong diéu kién anh sang. Ngoai ra con rat
nhiéu Iy do khién cac phuong phap phat hién dbi tuong truyén théng phat hién doi
tugng kich thudc nho kém duoc néu ra ¢ dudi day.

Pau tién la do gigi han ving tiép nhan (Limited Receptive Field). Khai niém
nay dung dé chi pham vi khdng gian cia anh dau vao (trudng nhin) ¢ tac dong dén
dau ra cua mot noron hodc bo loc cu thé trong mang noron tich chap (CNN). MOi
noron trong mot 16p tich chap s& c6 mot truong nhin, tic 1a viing cua anh dau vao ma
n6 nhan thac. Kich thudc cua truong nhin thuong nho hon kich thudce toan bo anh
dau vao. Khi di sdu vao mang, truong nhin ciia cac noron s& cang nho di do cac phép
tich chap va 16p gop. Trong cac mo hinh phat hién dbi twong thong thudng, ving tiép
nhan c6 thé bi han ché, diéu nay c6 nghia 1a mang khong c6 di théng tin ngit canh
xung quanh cac ddi twong nho. Két qua 13, mé hinh c6 thé gap kho khin trong viéc
phét hién va xac dinh vi tri chinh xac cac dbi tugng nay do ving tiép nhan khong du.

Hinh 1.12: Vung tiép nhan trong CNN

Nguyén nhan thi hai 1a do bién doi ty 1& (Scale Variation). Cac ddi tugng nho
thé hién su bién doi ty & dang ké so véi cac dbi tuong 16n trong mot hinh anh. Céc
bo phét hién d6i twong duoc huan luyén trén cac bo dir lieu chu yéu gom cac ddi
tugng 16N, chang han nhu ImageNet [16] hodc COCO [17], ¢6 thé gip kho khin trong
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viéc tong quat hoa cho cac dbi twong nho do sy chénh 1éch vé ty 1é. Trong hinh dudi
day, bién d6i ty 1é da duoc ap dung. Su bién doi vé kich thuéc co thé gay khé khan
trong viéc phl hop véi céc biéu dién d6i tuong da hoc, dan dén hiéu suat phét hién
giam di di véi cac d6i tuong nho.
256px m
t

512px

f
- ﬂ

m

Hinh 1.13: Bién doi ty Ié ctia ddi twong trong anh

2048px

Ly do tht ba, thién hudng dit liéu huan luyén (Training Data Bias). Cac md
hinh phat hién ddi tuong thudng duoc huan luyén trén cac bo dir liéu quy md Ién, cé
thé chira cac thién hudng vé cac d6i tugng 16n do sy pho bién cua chung. Thién hudng
nay c6 thé khdng cb ¥ anh hudng dén hiéu suat caa bo phat hién ddi twong khi xur ly
cac ddi twong nho. Két qua 13, md hinh c6 thé chua duoc tiép xtic du voi cac vi du
huan luyén da dang vé cac dbi tuong nho. Picu nay dan dén su thiéu 6n dinh va do
chinh xac phéat hién giam di d6i véi cac trudng hop déi tuong nho.

Hinh 1.14: Mat can bang dix liéu trong bd dir liéu

Cudi cung 14 viéc xac dinh vi tri chinh xé4c cua cac ddi twong nho co thé gap
kho khian do do phan giai khong gian han ché cua cac ban db dic trung trong kién
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trdc mang noron tich chap. C4c chi tiét tinh té can thiét dé xac dinh vi tri chinh xéac
c6 thé bi mat hoac tro nén khéng thé phan biét & @6 phan giai thip hon. Cac ddi twong
nho ¢ thé bi che khuét boi cac ddi twong 16n khac hoic cac nén nhiu, lam kho khin
thém cho viéc xac dinh vi tri. Nhitng yéu té nay c6 thé gop phan 1am cho cac bo phat
hién dbi twong thong thudng khong thé xac dinh va phat hién cac déi twong nho mot
cach chinh xac.

1.3.2 Phwong phdp phdt hién déi twong dé xudt

Cac phuong phap dugc néu ¢ muc 1.2.2 gitp mo hinh cai thién d chinh xac
khi phat hién cac dbi tuong kich thuéc nho. Tuy nhién nhitng ki thuat do c6 cac
nhuge diém nhu: Pyramid Image va Sliding Window gay ton kém chi phi tinh toan
va bo nha. Multiple Scale Feature Extraction can phai sta lai kién tric mang khi ap
dung, khé khin thay doi cac kién tric mang phuc tap. Data augmentation c6 thé gay
mat thong tin khi &p dung céc bién doi khdng phi hop, giam chat luong va do tin cay
cua dir liéu. Transfer learning khdng cai thién nhiéu két qua cho cac ddi twong nho
hiém gap. Bén canh d6 cac phwong phéap phat hién d6i twong tir vung déng ciing con
nhiéu van dé d6i voi cac ddi tuong kich thudc nho. Nhat 1a cac mé hinh dya trén kién
traic CNN thuong bi Limited Receptive Field nhu da néu o trén.

Dé khic phuc nhitng van dé duoc néu trén, dé an dé xuét sir dung phuong phap
két hop gitra md hinh phat hién dbi tuong tir vung mé Vision Transformer for Open-
World Localization (OWL-ViT) va k¥ thuat Slicing Aided Hyper Inference (SAHI)
gilip phét hién cac d6i tuong kich thudc nhé tot hon. Mo hinh OWL-ViT duoc thiét
ké dua trén Kién trac co ban cua Vision Transformer va Text Transformer chir khdng
str dung kién trac CNN. M6 hinh s& duoc huan luyén trudge né voi mot tap dix liéu lon
gom céc cap hinh anh-van ban. Nho su két hop dao tao giita ca dit liéu van va hinh
anh, phat hién déi tuong tir vung ma, mé hinh c6 thé phat hién duoc ca nhitng ddi
tuong chua dugc huan luyén. Nhu vay, phét hién dbi tuong tir vung mé OWL-ViT
da khac phuc duoc van dé tap dbi twong phét hién bi han ché, su két gitta van ban va
hinh anh s& giup ting do chinh xac cho phét hién d6i twong trong anh. Bén canh do,
sir dung thém k§ thuat SAHI, mot trong nhitng k¥ thuat mai va tét nhat hién nay. Vi
phuong phap nay chia cit hinh anh gilp cho viéc phét hién d6i twong kich thudc nho
hiéu qua hon, da khic phuc mét van dé thuong xuyén giap phai trong cac mé hinh
phét hién dbi tuong.

1.4 Két luan chwong

Tai chuong nay, dé &n cung cap mot céi nhin tong quan vé bai toan phét hién
d6i twong. Phan biét cac nhiém vu phan loai hinh anh, dinh vi déi twgng véi phéat hién
d6i twong. Trinh bay bai toan phat hién ddi tuong trong anh chup tir drone va céc &g
dung thuc t& nhu giam sat an ninh, quan Iy tai nguyén, giam sat xay dung,... Dé an
cling trinh bay cac nghién ctru lién quan dén van dé phét hién dbi twong kich thudc
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thugc nho trong anh chup Drone. Cu thé 1a phat hién d6i tuong tir vung déng nhur
SSD, Faster-RCNN, DETR va c4c van dé cua chlng. Bén canh d6 12 trinh bay cac k¥
thuat pho bién hd tro phat hién dbi twong nhé trong anh: kim tu thap anh, cira 6 truot,
trich xuat dic trung da ty 1¢, ting cuong di liéu, hoc chuyén giao . Dé &n chi ra vén
dé hién tai cua phat hién dbi tugng kich thudc nho trong anh Drone. Néu ra nguyén
nhan cua van dé, nhuoc diém cua cac phuong phép trudc. Tir d6 dé xuat giai phap dé
xuit két hop gitra OWL-ViT va SAHI cho bai toan. Cac chuong sau sé& di vao khia
canh k¥ thuat ciia phuong phap nay.
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Chwong 2 - PHUONG PHAP OWL-VIT KET HQP SAHI

2.1 M6 hinh Vision Transformer cho Open-World Localization (OWL-
ViT)
2.1.1 Téng quan mé hinh OWL-ViT

Gan day, cac mo hinh phat hién ddi tuwong truyén thng gap van dé thuong bi
gidi han loai déi tegng trong mot tap hop nho, ¢b dinh cac tir ngir, vi viéc thu thap di
liu huan luyén véi khdng gian nhan 16n hodc mé 1a ton kém va ton thoi gian. Tuy
nhién, diéu nay da thay d6i v6i su phat trién cia cac bo ma héa ngdn ngit manh mé
va huan luyén hinh anh-vin ban trai nguoc. Cac md hinh nay hoc mét biéu dién chung
cua hinh anh va van ban tir cac cap hinh anh-vin c6 sin phong phu trén web. Bang
cach tan dung luong I16n dir liéu hinh anh-van ban, cac mé hinh di huan luyén ddi
ngau. (contrastive training) da mang lai cai tién dang ké trong nhiém vu phan loai.

Véi y tuong trén, OWL-VIT bat dau véi kién trac Vision Transformer, da dugc
chang minh 12 ¢ kha ning mo rong cao, va tién hanh tién huan luyén dbi ngau trén
mot tap di liéu hinh anh-vian ban 16n. Sau d6 dé chuyén giao mé hinh sang nhiém vu
phét hién ddi tuong, thuc hién mot sé thay doi. Pau tién, loai bo 16p pooling token
cudi cung va thay vao d6 gan mot dau phan loai nhdn va mot dau dy doan bounding
box cho mdi token dau ra caa Transformer Encoder. Phan loai tir vung mé mo duoc
kich hoat bing céch thay thé trong sé cua Iép phan loai cé dinh bing class-name
embeddings duoc thu dugc tir mo hinh van ban. Tiép theo, diéu chinh lai mé hinh da
duoc tién huan luyén trén céc tap dix liéu phat hién tiéu chuan bang cach st dung ham
mat mat bipartite matching. Nhu vay, ca mé hinh hinh anh va van ban déu duoc diéu
chinh lai tir dau dén cudi giéng nhu hinh 2.1. Bén trai 1a md hinh tién huan luyén, bén
phai 1a md hinh OWL-ViT sau khi duoc diéu chinh lai.

M hinh tién huan luyén M& hinh OWL-VIT
[] Nhung déi tegng dnh
Nhung vin ban ( N i P [] Nhing d&i teong hép
'bird Text 'giraffe’ Text Nhing truy vén bao
sitting —» Transformer T Eree! = Transformer — (100 Piau dw doén céc I&p truy van
n a tree encoder \m—]—‘—l car encoder -
4 ]+ \ y 8 »[] & 1 1—='giraffe’
'E . . . A&l 8 4 0—girarre’
f ' {8l —>'tree
I i [ . : il Iy /% O 220 N
El? Vision | g | Tinh ham el vison  [J37 AS|~T + 0 Ao abjects> Tinh ham
- *| Transformer * g u g 4t mat »{ Transformer [\ \/ /= - PRSP 4t mat
E* encoder  |/]| projection matma +A 4!‘: | | encoder K< A — ‘ Déu dy dodn céc hgp bao  Mat ma
- — ey \ X -} (
Nhting hinh anh = KN LA y,
\N &~ > (x,. ¥, %, By .
\Ja-0—
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Hinh 2.1: Kién trdc mé hinh OWL-ViT

Dé phan loai cac d6i tuong da phat hién véi tir vieng ma, md hinh st dung text
embeddings, thay vi class embeddings da hoc, trong 16p dau ra cia dau phan loai.
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Céc text embeddings, duoc goi |2 truy van (queries), duoc tao ra bang cach dua tén
d6i twong hoac cac md ta ddi twong vin ban khéc qua text encoder. Nhiém vu caa mo
hinh sau d6 1a du doan, d6i voi mdi déi twong, mot bounding box va xac suat ma maoi
truy van &p dung cho d6i twong dé. Cac truy van cd thé khac nhau cho mai hinh anh.
Két qua 13, mdi hinh anh s& c6 khdng gian nhan riéng biét, dugc xac dinh boi mot tap
hop céc chudi vin ban. Phuong phap nay bao gdm ca viéc phét hién dbi tuong véi tir
vung doéng, trong d6 toan bo tap hop tén danh muc ddi twong duoc st dung 1am tap
truy van cho mdi hinh anh.

Khac vai mot sé phuong phap khac, mé hinh khong két hop tat ca cac truy van
cho mét hinh anh thanh mét chudi token (token sequence) duy nhit . Thay vao do,
mdi truy van bao gdm mot token sequence riéng biét dai dién cho mot mé ta déi twgng
riéng biét va duoc xir Iy riéng biét bai bo ma héa vin ban. Ngoai ra, kién trdc cia mo
hinh khéng bao gom viéc két hop gitra image encoder va text encoder. Mac du viéc
két hop sém ¢6 vé co loi theo nhiéu suy doan nhung thuc té nd l1am giam hiéu suat
suy luan dang ké vi viéc md hda mot truy van yéu cau mot qua trinh chuyén tiép qua
toan bo mé hinh hinh anh va can duogc lip lai cho mdi két hop hinh anh/truy van.
Trong OWL-ViT c6 thé tinh toan cac nhing truy van doc lap véi hinh anh, cho phép
sir dung hang ngan truy van cho mdi hinh anh, nhiéu hon nhiéu so véi viéc két hop
sém.

Céc head dic thu cho viéc phat hién ddi chi chiém tdi da 1,1% (tuy thudc vao
kich thuéc caa md hinh) sé luong tham sé trong mo hinh. Piéu niy c6 nghia 1a phan
I6n tham sé caa md hinh tap trung vao viéc image encoder va text encoder, trong khi
chi mét ty 1& nho duogc sir dung cho cac nhiém vu cu thé lién quan dén phat hién doi
tugng. Dudi ddy, dé an sé trinh bay rd hon vé image encoder va text encoder caa mo
hinh.

2.1.2 Text Encoder ciza md hinh

Trong moé hinh OWL-ViT st dung Encoder caa Transformer tiéu chuan dé ma
hoa phan vin ban. Transformer da duoc gidi thiéu trong bai bao "Attention Is All
You Need" ciia Vaswani et al. vao nam 2017. N6 da trd thanh mot trong nhitng kién
trdc quan trong nhat va pho bién nhat cho cac tac vu nhu dich may, dy doén tir vung
tiép theo, tong hop van ban. Mot trong nhitng dic diém quan trong cua Transformer
la kha nang xur Iy dau vao dai va tong quat hoa tot trén cac ngdn ngir khac nhau. Mo
hinh nay di dat duoc nhiéu két qua 4n twong trong cac nhiém vu xtr Iy ngén ngir tu
nhién va da duogc (ng dung rong rai trong cac cdng cu va tng dung lién quan dén xir
ly ngbn ng.
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Hinh 2.2: Kién tric cta Transformer

Nhin vao so do kién tric cua Transformer ¢ trén c6 thé thay rang n6 duoc chia
thanh hai phan rd rang d6 13 encoder va decoder. Do mé hinh OWL-VIT chi sir dung
phan encoder nén dé an sé& tap trung phan tich cac phan cua Transformer encoder va
bo qua phan decoder.

Dau tién cua phan encoder 12 Input Embeddings, may tinh khéng hiéu cau chit
ma chi doc duoc sd, vecto, ma tran; vi vay ta phai biéu dién cau chit dudi dang vecto,
goi 12 input embedding. Piéu nay dam bao cAc tir gan nghia c6 vecto gan gidng nhau.
Hién nay da c6 kha nhiéu pretrained word embeddings nhu GloVe, Fasttext, gensim
Word2Vec,... cho chung ta lua chon.

Input Embedding

sun
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Hinh 2.3: Input embedding trong Transformer

Word embeddings phan nao cho gilp ta biéu dién ngit nghia ctia mot tir, tuy nhién
cung mot tir ¢ vi tri khac nhau cua céu lai mang y nghia khac nhau. D6 1a ly do
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Transformer c6 thém mot phan Positional Encoding dé thém théng tin vé vj tri cua
mot tur.
pos

PE (pos,2i) = sin(———) (2.1)
100009model
B pos
PE(pos,2i+1) - COS(—zi) (2.2)
10000dm0de1

Trong do:
e Pos la vi tri cua tir trong cau,
e PE la gi tri phan tu thir i trong embeddings ¢6 do dai d,oge;
Sau do, ta cong vecto Positional Encoding (PE) vao vecto Input Embeddings.

0.3 » 0.42
0.99 Positional 0.84
0.01 + EnCOding _) [0.12
0.08 0.81
Embedding Vector Encoding of
of "Dog” position in sentence Embedding of Dog

(with context info)
PE(pas,Zi) = Sin(pos/l()()()()?i/dxlukx)
PE(]:()S.?IH—]) = ('()S(pos/loooozi/flnxwx)

Hinh 2.4: Positional Encoding caa Transformer

I3
A

Tiép dén la Self-Attention-co ché gitup Transformer "hiéu" duoc su lién quan gitra
cac tu trong moét cau. Vi du nhu tir "kicked" trong cau "I kicked the ball" (t6i da da
qua bong) lién quan dén cac tir khac nhu thé nao? R& rang no lién quan mat thiét dén
tu 1" (cha ngt), "kicked" Ia chinh n6 1€n s€ luén "lién quan manh™ va "ball™ (vi ngix).
Ngoai ra tir "the" 12 giGi tir nén su lién két vai tir "kicked" gan nhu khong co. Vay
lam sao Self-Attention trich xuat nhiing dac trung "lién quan" nay? Ta nhin lai véi
kién tric tong thé ¢ trén, c6 thé thay dau vao caa cac module Multi-head Attention
(ban chat 1a Self-Attention) c6 3 mili tén, d6 chinh 1a 3 vecto Querys (Q), Keys (K)
va Values (V). Tur 3 vecto nay, ta s€ tinh vecto attention Z cho moét tir theo cong thac
sau:

QKT ) Vv
Jdoxkv/)

Z = softmax ( (2.3)
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Cong thirc nay kha don gian va duoc thuc hién nhu sau. Dau tién, dé c6 dugc 3 vecto
Q, K, V, input embeddings dugc nhan véi 3 ma tran trong sé twong tng (dugc diéu
chinh trong qua trinh huan luyén) W,, Wy, W,.

Input Thinking Machines

Embedding X ] X.‘

Queries qi l l Q2| 1 [] we
Keys [LT]

Values W v. [ W

Hinh 2.5. Ba vecto Querys (Q), Keys (K) va Values (V) va W, Wg, Wy trong co ché
Self-Attention caa Transformers

Luc nay, vecto K dong vai trd nhu mot khoa dai dién cho tir, va Q sé truy van dén céac
vecto K ctia cac tir trong cau bang cach nhan chap vai nhimg vecto ndy. Muc dich
ctia phép nhan chap dé tinh toan d6 lién quan gitra c4c tir véi nhau. Theo do, 2 tir lién
quan dén nhau s& c6 "Score" 16n va nguoc lai. Buéc thir 2 13 budc "Scale", don gian
chi 1a chia "Score" cho cin bac hai caa s chiéu cia Q/K/V (trong hinh chia 8 vi
Q/K/V la 64-D vecto). Viéc nay giup cho gia tri "Score" khéng phu thudc vao d6 dai
cua vecto Q/K/V. Budc thir 3 1 softmax cac két qua vira roi dé dat dugc mot phan
b XAc suat trén cac tir.

Budc thir 4 ta nhan phan b xac suat do véi vecto V dé loai bo nhitng tir khong can
thiét (xac suat nho) va gitr lai nhiing tir quan trong (xac suat lén).

O budc cudi cung, cac vecto V (dd duoc nhan véi softmax output) cong lai véi nhau,
tao ra vecto attention Z cho mét tir. Lap lai qua trinh trén cho tat ca céc tir ta duoc ma
tran attention cho 1 cau.
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Hinh 2.6: Vecto attention Z dwoc tao ta cho mat tir trong co ché Self-Attention
Vén dé cua Self-attention 12 attention caa mot tir s& ludn "cha ¥" vao chinh né. Piéu
nay rat hop ly thdi vi rd rang tir d6 phai lién quan dén tir d6 nhiéu nhat. Minh hoa nhu
hinh duoi day:

Focu

The —>’ big red dog
big — The'big red dog
red — The big “dog
dog — The big red ~

Hinh 2.7: Van dé ch( y vao mgt tir caa Self-attention

Dé tranh xay ra diéu nay vi cai ta mong mudn mudn 1a dic trung lién quan giira céc
tir khac nhau trong cau. T4c gia da gidi thiéu mot phién ban nang cap hon cua Self-
attention 12 Multi-head attention. Y tuong rat don gian 1a thay vi st dung 1 Self-
attention (1 head) thi ta sir dung nhiéu Attention khac nhau (multi-head) va biét dau
mdi Attention s& cha ¥ dén mot phan khéac nhau trong cau. Vi mdi "head" sé& cho ra
mot ma tran attention riéng nén ta phai concat cac ma tran nay va nhan vai ma tran
trong s6 W, dé ra mot ma tran attention duy nhat (weighted sum). Va tat nhién, ma
tran trong sé nay ciing duoc didu chinh trong khi qué trinh huan luyén.
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1) Concatenate all the attention heads

- [

2) Multiply with a weight
that was trained
jointly with the model

matrix

X

3) The result would be the ~ matrix that captures information
from all the attention heads. We can send this forward to the FFNN

Hinh 2.8: Mutil Multi-head Attention trong Transformer

Sau khi di qua Mutil Multi-head Attention cho ra cac vecto attention Z, ching sé di
qua phan Add & Normalize tao thanh sub-layer 1 nhu trong mé hinh tong quan vé
Transformer & trén. Mdi sub-layer déu 12 mot khdi du (residual block). Ciing giong
nhu residual blocks trong Computer Vision, cac két ndi tit (skip connections) trong
Transformer cho phép thong tin di qua sub-layer tryc tiép. Thong tin nay (x) dugc
cong vai attention (z) cua nd va thuc hién chuan hdéa (normalization) véi Layer

Normalization.

Cudi cung la Feed Forward, sau khi dugc chuan héa, céc vecto z duoc dua qua mang

két nbi day du (fully connected) va cho ra cac text/query embeddings. Vi cac vecto
nay khong phu thudc vao nhau nén ta cé thé tan dung dugc tinh toan song song cho

ca cau.

o= 4

4

[+

Add & Normalize

: Feed Forward Feed Forward

S y 4
2 7 [HIEEE
4 4

...........

"éa;.%iah}ALé - é
ENCODING
x¢ O
Thinking

Machines

Hinh 2.9: Chi tiét Encoder trong Transformer
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Hinh 2.10: Phan query embeddings sau khi di qua Text Transformer encoder

2.1.3 Vision Encoder ciza mo hinh

Vision Transformer (ViT) 1a mot kién tric mang no-ron st dung co ché
Transformer cho céc nhiém vu xtr Iy hinh anh. Trudc ddy, kién trdc Transformer
thuong duoc s dung cho xir 1y van ban trong linh vuc xt Iy ngdn ngit tu nhién. Tuy
nhién, vai su ra doi cua Vision Transformer, n6 da tré thanh mot trong nhitng phuong
phap tién tién nhat trong linh vuc thi giac may tinh. Trong truyén thong, cac mé hinh
thi giac s dung cac 16p tich chap (convolutional layers) dé trich xuat dic trung tir
hinh anh. Tuy nhién, céac 16p tich chap c6 thé gap kho khin trong viéc mé hinh hoa
cac méi quan hé xa gitra cac ving khdng gian trong hinh anh. Diéu nay c6 thé lam
giam kha ning mo hinh tong quét hoa va xir Iy nhitng mau méi. Vision Transformer
thay thé céc 16p tich chap bang mot sé 16p Transformer. M6 hinh Vision Transformer
chia hinh anh thanh cac manh nho hon goi 1a "diém chi y" (patches) va bién doi
chung thanh cac vecto. Cac vecto nay sau d6 dugc dua vao mot mang Transformer,
cho phép md hinh hoc dugc su twong tac gitra cac diém cha y va xu ly théng tin khong
gian rong hon

Vision Transformer (ViT) Transformer Encoder

Norm

Transformer Encoder

\ \
- SOV OD ) i) o)

| et ng Lmem‘ ijeumn nr Hdtlened Patu.hﬂ

Multi-Head
Altention

SEE | . |

e -ﬁﬂl%ﬁﬁ'ﬁﬁﬁﬂiﬂ

—
L ]

Hinh 2.11: Kién trac Vision Transformer
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Nhin vao hinh 2.11, dé thay kién trdc caa mé hinh gém 3 thanh phan chinh:

Linear Projection of Flattened Patches
Transformer encoder.
Classification head.

Trong phan dau tién Linear Projection of Flattened Patches, khéac véi cac md
hinh CNN cho bai toan image classification, anh input ¢au vao cho mé hinh CNN d6
la toan bo anh véi kich thude ¢b dinh. Tuy nhién Vision Trans ¢ mot cach xir ly
khac. Vi mdi anh dau vao, ViT xtr Iy bang céach chia anh ra thanh cac phan c6 kich
thugc bang nhau (patch) va sau d6 thém céc thong tin can thiét, qua trinh nay goi la
Patch Embedding (hinh 2.11). Cé&ch chia hinh anh thanh céc patch nhu sau. V&i mot
hinh anh 3 chiéu:

3D Image (X) e resolution RF*W*xC (2.4)
Chuyén hinh dang anh 3D thanh cac patch 2D di dwgc lam phang:
Patch Image (X,) € resolution RN*(P"2€) (2.5)
Trong do:
e 3D Image la anh goc 3 ch!éu ban dau voi 3’chiéu HxWxC tuong ng
véi chieu cao (height), chicu rong (width), so kénh mau (channels)

e Patch Image la patch caa hinh anh sau khi chia voi @6 dai chudi N = H
. W/ P? va (P, P) 1a o phan giai ctia mdi patch.

Budc tiép theo, dua cac patches nay vé dang vector bang céch dudi thang
(flatten) cac patches nay ra. Hinh 2.11 trén md ta phan Linear Projection. Thuc chat
Linear Projection 1a mot Iop Dense véi dau vao la flattened vector cua cac patches,
dau ra sé 1a vecto embedding twong ng Véi tirng patch.

z;= W=+ x, + Db (2.6)
Trong do:

x; la flattened vecto cua patch thir i
z; 1a vecto embedding ddu ra twong (ng cua x; khi di qua Linear Projection
W duoc goi la ma tran embedding
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Tuong ty nhu véi md hinh Transformer géc. Positional embedding trong mé
hinh ViT s& chaa théng tin vé vi tri cua patch trong anh (spatial information). Néu
nhu chi embedding céac patch va dua vao moé hinh Transformer thi véi 2 anh ¢ bén
trén s& hoan toan khong c6 su khac biét. Do dé ta can thém thdng tin vé vi tri cho mdi
patch. Sau khi ¢6 vecto positional embedding cho mdi patch ta s& cong cac vecto nay
tuong g véi embedding vector cua ting patch da tinh ¢ trén va thu dugc cac vector
embedding vira chtra théng tin ciia viing anh vira chira théng tin vé vi tri cua n6 trong
anh. Vector vi tri nay c0 kich thudc 1D giup giam kich thudce luu trir SO véi vector
2D.

Position embedding similarity

 WURT TR

N

Input patch row
(%] E=Y w
- I
Cosine similarity

o)]
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» il i
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Input patch column

Hinh 2.12: P twong dong cia cac position embedding trong anh
Nhin vao hinh 2.12, nhitng géi ndo ¢ cing hang/cot s& cd embedding giéng
nhau hay c6 biéu dién giéng nhau. Céc thdng tin vi tri trong patch embedding la rat
can thiét @& mé hinh hoc duogc thi ty tirng goi trong anh qua d6 dam bao duoc ngir
nghia cua tirng object trong anh.

e (0 00 06 e o)

* Extra learnable

[class] embedding Linear Projection of Flattened Patches
4| ]
m.u—»...ﬂﬂm £ L
s P

Hinh 2.13: Patch Embedding trong Vision Transformer

Cac position embedding dugc cong vao cac vecto patch cia anh tuong ung.
Gidng nhu minh hoa trong hinh 2.13, véi 9 patch anh duoc chia twong Gng véi 9
position embedding tir 1 dén 9. Tuy nhién lai con thura vi tri 0*. Phan * & day chinh
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la Class Embedding. Ching ta them mot embedding c6 thé hoc (z° = x,;4s5) Vao dau
chudi cac patch embedding nhu sau:
2% = [Xciass; %pE; X0E; ... 5 xp E]+ Epos (2.7)
Trong do:
e F€ R(P"Z.C).D
° Epose R(N+1).D
O day, Xc1qss 1a Mot nhan 16p va x) 12 hinh anh patch twong tng véi N trong
khoang tur 1 dén n.

Trong qué trinh tién huan luyén bang bo ma hda Transformer, ta ludn can mot
nhan 16p & vi tri 0. Khi ching ta truyén cac hinh anh patch lam dau vao, luén can
thém mot token phan loai & vi tri dau tién nhu duoc thé hién trong hinh 2.13.

Sau cac phan trén ta dugc cic vecto embedding c6 kém vi tri cia cac patch da
duoc chia, va nhén caa hinh anh. Sau d6 chung dugc dua vao Transformer Encoder,
vé phan nay di duoc trinh bay k§ tai muc 2.1.2 caa Transformer.

‘trea’ —=| Transformer ———— [ ][]
'car' ancadar 1 H
I | a
|
| Sy % -
i:' | (Token .-'I R— ]_/ o
r, Transformar [ ¥ & = iy Wision ]\_IL\ g
ancoder image - | Transformar '/-—
. ‘e bedding A ancodar ]'\\;‘ —
— - N
- A =
2

Hinh 2.14: Vision Transformer encoder trong OWL-ViT

Kién triic Vision Transformer ding trong phan loai & hinh 2.14 véi cac vecto
sau khi di qua Transformer encoder sé& di dén dau classification 1a mot khdi Multilayer
perceptron dua ra két qua cudi cling 1a x&c suat twong (ing vai céc class. Trong hinh
2.1 bén tréi 12 kién trdc tién huan luyén (pre-trained) ciia Vision Transformer encoder,
cac vecto dau ra cua encoder ciing dugc dua qua token pooling + projection dé tao
ra mot image embedding tong quét cho toan bo hinh anh sau d6 két hop véi phan text
encoder dé phan loai anh. Khac véi nhiing thir trén, OWL-ViT str dung dé phat hién
d6i tugng nén cac vecto sau khi di qua vision Vision Transformer encoder s& dugc
d6ng thoi di qua hai ddu MLP va dau Linear projection. Pau Linear projection dung
dé dy doan ra nhin cua d6i twong. Dau MLP (Multilayer perceptron) dé du doan ra
cac bounding box cua d6i tuong.
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2.1.4 Ham mat mat

M6 hinh OWL-ViT sir dung ham mat mat khép hai phia (bipartite matching
loss) [20] dwoc giGi thiéu trong md hinh DETR. Ham mét mat khop hai phia thyc
hién thuc chat 1a so sanh cac 16p va hop gisi han duoc du doan cua mdi truy van doi
tuong N = 100 véi cac nhan dung, duoc dém dén cung d6 dai N (vi vay, néu mét hinh
anh chi chaa 4 d6i tuong, 96 nhén sé& chi c6 "khong c6 ddi twong” 1am 16p va "khong
c6 hop gigi han™ 1am hop gidi han). Thuat toan Hungarian matching duoc sir dung dé
tim mét &nh xa mot-dén-mot tdi wu cho mdi truy van N t&i méi nhan N. Tiép theo, ta
st dung ham mat mat chéo entropy chuan (cho cac 16p) va to hop tuyén tinh cua ham
mat mat L1 va ham mat mat Generalized loU [25] (d6i véi hop gidi han) dé téi wu
cac tham sé caa md hinh.

M6 hinh OWL-VIT diéu chinh né cho viéc phét hién d6i twgng vung mé nhu
sau. Do cdng stc can thiét dé gan nhan cho cac tap dir liéu phét hién mot cach toan
dién, céc tap dit liéu véi sb luong 16n danh muc dugc gan nhan theo cach lién minh.
Cac tap dit liéu nhu vay c6 khdng gian nhan khdng phan biét, ¢ nghia 1a mdi ddi
tugng cd thé c6 nhiéu nhan. Do d6, mé hinh st dung ham mat mat focal sigmoid
cross-entropy thay vi softmax cross-entropy lam ham mat mat phan loai. Hon nita, vi
khong phai tat ca cac ddi twong déu dugc gan nhan trong mdi hinh anh, cac tap dir
licu lién minh cung cap ca nhitng nhan dang tich cuc (xuat hién) va tiéu cuc (khdng
Xuat hién) ciia cac ddi tuong truy van cho mdi hinh anh. Trong qué trinh huan luyén,
d6i véi mot hinh anh cy thé, md hinh st dung tat ca cac nhan dang tich cuc va tiéu
cuc cua nd nhu cac truy van. Hon nita, md hinh con ngau nhién chon mau cac doi
tuong theo ty 18 tan suat cua ching trong dit liéu va thém chung nhu cac "gia-tiéu-
cuc" dé co it nhat 50 tiéu cuc cho mdi hinh anh.

2.2 Ky thuat Slicing Aided Hyper Inference (SAHI)

Phat hién cac dbi teong nho va cac ddi teong ¢ xa trong canh quan sét 1a mot
thach thirc 16n trong céc ung dung giam sat. Nhimng d6i twong nhu vay duoc dai dién
boi mot sb lwong nho pixel trong hinh anh va thiéu chi tiét du, 1am cho viéc phat hién
ching bang céc b phét hién théng thuong tro nén khé khan. K thuat Slicing Aided
Hyper Inference (SAHI) duoc dé xuat, hd tro cac md hinh phat hién déi twong nho
bang viéc chia nho hinh anh va fine-tuning. Phuong phap nay chia hinh anh dau vao
thanh céc phan chong 1an nhau (overlap patches), gay ra khu vuc pixel twong ddi 16n
hon cho cac ddi twgng nho so véi hinh anh duge dwa vao mang.

2.2.1 Phwong phap SAHI cho tinh chinh mo hinh
Cac md hinh phat hién ddi tugng phé bién thuong duoc cung cap trong sb
duoc huan luyén trudc trén cac tap dir liéu nhu ImageNet va MS COCO. Diéu nay
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cho phép ching ta tinh chinh mé hinh bang céach sir dung céc tap dit liéu nho hon va
trong khoang thoi gian dao tao ngin hon so véi viéc huan luyén tir dau véi cac tap dix
liéu lon. Tuy nhién, cac tap dir liéu thong thuong nay thuong chua hinh anh ¢6 do
phan giai thap (640 x 480) vdi cac dbi twong 16n chiém phan Ion khu vuce pixel (trung
binh chiém 60% chiéu cao cua hinh anh). M6 hinh dwgc huan luyén truéc trén céc
tap dit liéu nay cho két qua phat hién tét cho cac hinh anh twong tu. Tuy nhién, hiéu
suit phét hién déi twong nhé trén cac hinh anh c6 d6 phan giai cao dwoc tao bai drone
va camera giam sat chat luong cao thuong thap hon dang ké.

T Siicing aided finetuning (SF) """ TTTTTTTTmmmmmems T
.. Slicngaidedfine-tuning (SF) B& di liéu tinh chinh |
Bo di¥ liéu tién huan luyén : Bb di¥ liéu tinh chinh duorc ting cuamg !
' |
| 1
| |
: 0 i
! Py - i
1 i If 1
! I
: II;JF res (1'."' _— :
I, I I If i !
] ]
' I; ;
1 T
Y : ¥ E
M6 hinh tién 1 M& hinh tinh !
huah luyén h ™ chinh v&i SAH |
N
U e STTEEE :
' M5 hinh
tinh chinh

Hinh 2.15: Phwong phap SAHI cho tinh chinh md hinh (Slicing aided fine-tuning)

Pé khac phuc van dé trén, SAHI hd trg quéa trinh tinh chinh mé hinh phat hién
d6i tuong nhu sau. Pau tién, ma rong tap dit lieu bang cach trich xuat cac patch tir
tap dix liéu fine-tuning nhu duoc thé hién trong Hinh 2.15. M&i hinh anh IF, I£, ... IF
duogc chia thanh céc patch chong lan nhau Pf, PY, ..., PF véi kich thudc hai chiéu M
va N duoc lya chon trong khoang [Moin, Mimax] Va [Nmin, Nmasx] 12 C4C siéu tham sb.
Trong qué trinh fine-tuning, cac patch duge diéu chinh kich thudc dé gitr nguyén ty
18 khung hinh sao cho chiéu rong hinh anh nam trong khoang tir 800 dén 1333 pixel,
tir d6 tao ra cac hinh anh mé rong I}, I, ..., I, trong d6 kich thudc dbi tuong tuong
d6i 16n hon so véi hinh anh goc. Nhitng hinh anh nay I, I, ..., I,, cing véi hinh anh
gbc If, I, ..., If (d€ hd tro phat hién cac doi twong I6n), duoc st dung trong qua trinh
fine-tuning. Boi vi, khi kich thudc manh giam, cac déi twong 16n co thé khong vira
vao mot manh va cac khu vue giao nhau, diéu ndy cd thé dan dén hiéu suat phat hién
kém cho cac dbi twong 1on.
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2.2.2 Phwong phdap SAHI cho suy lugn mo6 hinh

Trong giai doan suy luan, anh truy van géc I duoc chia thanh | phan chong 18n nhau
M x N: P!, P, ... P!. Sau d6, mdi phan cit dugc diéu chinh kich thudc ma van gii ty
1& khung hinh ban dau. Tiép theo, qué trinh phat hién dbi trong duoc thuc hién doc
lap trén tirng phan chdng 18n nhau. M6t qué trinh suy luan day du (c6 thé dung thém
tinh chinh voi SAHI) str dung anh géc cé thé duoc &p dung dé phat hién cac doi
tuong 16n hon. Cubi cung, két qua dy doan cua cac phan chong Ién nhau va (néu
duogc str dung) két qua tinh chinh dugc hop nhat tro lai kich thuéc ban dau bang céach
sir dung thuat toan Non-maximum Suppression (NMS). Trong qua trinh NMS, céac
hop co ty 1€ giao nhau (Intersection over Union - loU) [26] cao hon ngudng khép da
duogc xac dinh trude Tm duoc khdp va ddi vai mdi khép, cac két qua phat hién co xéac
suat phat hién thap hon ngudng da xac dinh T, s& bi loai bo.
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Hinh 2.16: Phwong phap SAHI cho suy luan mé hinh (Slicing aided hyper inference)

2.3 Phwong phap két hop giita OWL-ViT va SAHI cho phat hién déi
tuong
2.3.1 Téng quan phuong phdp

M6 hinh OWL-VIiT tuy duoc dao tao véi tap dir liéu Ion véi nhiéu loai vat thé
nhung ddi vai nhiing vat thé c6 kich thudc nho trong anh mé hinh phat hién van con
kém. Piéu ndy c6 thé do nhiéu nguyén nhan nhu da néu & chuong I, tuy nhién nguyén
nhan chu yéu 12 do mé hinh chua duoc dao tao nhiéu véi vat thé nhé nhu trong tap
dir lieu Visdrone2019. Vay nén dé &n sir dung ky thuat SAHI dé tang cuong dir liéu
cho bo dit liéu dao tao. Tan dung sicc manh d3 duoc dao tao vai mot ngudn di ligu
cuc 16n tir OWL-VIT, tién hanh tinh chinh md hinh nay véi bo dit liéu da dugce ting
cudng. Trong qué trinh tinh chinh nay c6 thay d6i ham mat mat dé dat két qua tét
hon.
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Sau khi mé hinh dwoc tinh chinh, danh gid mé hinh trén tap kiém tra cua bo dit liéu
Visdrone2019 voi do do mAP. M6 hinh nay ciing nhan dau vao 1a anh va tén doi
tugng dudi dang van ban, cho ra két qua suy luan 12 anh dau ra véi xac suat du doan
c6 dbi tugng, tén doi twong va bounding box twong (ng. Bounding box c6 dang (cx,
cy, w, h) véi (cx, cy) 1a toa d tam va (w, h) 1a chiéu rong va chiéu cao cua bounding
box.

Ting budc cua phuong phap phat hién déi twong két hop OWL-VIT va SAHI duoc
miéu ta chi tiét trong so do hinh 2.17 duéi day:

Anh cac déi twong

f?éﬂ doi tu'c_rng;
M6 hinh OWL-ViT duoc phat hién

R X da tinh chinh
Anh dau vao

Danh gia
T Kkét qua
Tang cwong div Tap dir liéu Tién xtr ly ) Tinh chinh moé
liéu vai SAHI huén luyén di ligu hinh OWL-VIT
A g ria Bdéng bang tham so
{ Tak?éc:xtlr'zu / Text Transformers va
Vision Transformer

Hinh 2.17: Phwong phap phat hién déi twong két hgp OWL-ViT va SAHI

Bo chl'nh‘xéc
trén tap kiém tra

Hinh 2.18: Minh hea phwong phap gitp phat hién vat thé nhé tét hon

2.3.2 Xar ly trong tinh chinh md hinh

Trong phan tinh chinh mé hinh, budc dau tién d6 1a chuan bi dit liéu. DI voi
phan chuan bi di liéu, dé &n st dung k¥ thuat SAHI dé tang cuong dir liéu. SAHI cat
nhitng anh trong tap dao tao cua tap Visdrone2019 ra thanh cac phan nhé hon. Tron
Idn chling véi tap dao tao ban dau, ta duoc bo dir liéu dao tao méi véi kich thudc anh
da dang hon. Diéu ndy sé& gilp cho nhiing vat thé nho caa bo dit liéu duoc dao tao
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nhiéu hon véi cac anh kich thuéc khac nhau. Nhu trong hinh 2.19, ¢6 thé thay rang
anh gdc ban dau duoc chia thanh cac anh nho, va giit nguyén duoc nhin ban dau cua
vat thé. Nhitng vat thé nho trong nhitng anh mai nay dwoc phong to ra so vaéi kich ¢
cua bic anh méi. Nho vay khi cho vao dao tao, mo hinh s¢€ hoc dugc nhitng dac rd
rang cua cac doi tuwong can phat hién trong birc anh. Va viéc gia ting sb lugng anh sé
gitip md hinh duoc hoc di hoc lai cac d6i twong, gilp phat hién ddi twong tét hon.
Trong tap dir liéu Visdrone2019 cac anh c6 kich thude 16n, dong thoi 6 phan giai
cao nén viéc cit nho anh hoan toan ph hop vi khdng 1am anh hudéng dén chat luong
anh. Sau khi cat ra bang SAHI, cac btc hinh nho khdng hé bi mo va dam bao chat
lugng cho mo hinh khi dao tao.

Hinh 2.19: Dung SAHI dé ting cwong dir liéu

Sau khi xtr Iy xong dit liéu, tiép dén 1a tinh chinh md hinh OWL-ViT. Vi OWL-
ViT 1a mot mé hinh c6 kich ¢& mang rét Ion, dé dao tao ca md hinh can mét ngudn
tai nguyén Ién ca vé thiét bi may maoc 13n dir liéu. Vay nén dé an thyc hién tinh chinh
mé hinh vai tap dit liéu da ting cudng bang SAHI & trén. Tan dung sitc manh cia md
hinh dd dwoc dao tao véi cac tap dit lidu 16n, ta dong bing phan Text Encoder va
Vision Encoder, tién hanh tinh chinh trén phan con lai cia mang, bao géom hai phan
quan trong 1a dau dy doan bounding box va du doan tén 16p cho ddi twong. Trong
qua trinh tinh chinh sir dung ham mat mét theo OWL-ViT Adaptation. Thuat toan toi
vu tham sb dugc sir dung 12 AdamW [18], mot phién ban cai tién hon so véi Adam
[19].
2.3.3 Thudt toan téi wu

Thuat toan téi wu 1a co s¢ dé xay dung mé hinh neural network véi muc dich
"hoc " dugc cac dic trung cua dir liéu dau vao, tir d6 co thé tim dugc cap trong sb va
do lech (weights-bias) phu hop dé téi wu hoa mo hinh. Thuat todn tbi wu co ban nhit
d6 chinh 1a gradient descent [20]. Qua nhiéu su nghién ctu, ting thuat toan tdi wu
khac ra doi, khic phuc nhitng vin dé con ton tai da lau. SGD[21] hiéu qua hon
gradient descent khi giai cac bai toan ti wu, vi du, nd chiu it anh huong xu gay ra
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boi dit liéu du thira. Minibatch SGD mang lai hiéu qua dang ké nhd viéc vector hoa,
tac xir Iy nhiéu mau quan sat hon trong mot minibatch. Pay 1a chia khoa dé xu Iy dit
licu song song trén nhiéu GPU va nhiéu may tinh mot cach hiéu qua. Phuong phap
(d6ng lwong) (momentum) [22] bd sung co ché gop céc gradient qua khi, gitp qué
trinh hoi tu dién ra nhanh hon. Adagrad [23] sir dung phép bién doi ti Ié theo ting toa
d6 dé tao ra tién diéu kién hiéu qua vé mit tinh toan. RMSprop tach roi phép bién
dbi ti 18 theo tirng toa do khoi phép diéu chinh tée do hoc.

Thuat toan Adam két hop tat ca cac ky thuat da noi ¢ phan trén thanh mot thuat
toan hoc hiéu qua. Dya trén RMSProp, Adam ciing sir dung trung binh dong trong s6
mii cho gradient g, ngau nhién theo minibatch nhu duéi day:

m, < pymy_, + (1 - B1)g, (2.8)

v, < Bovg + (11— B)gi (2.9)
Néu khoi tao m,= v,= 0, thuat todn sé c6 d6 chéch ban dau dang ké vé cac gid tri
nhé hon va Adam chuan hoa lai chung nhu sau:

m
m, = — (2.10)
1-p4
v
U= —— (2.11)
1-5;

Diéu chinh lai gia tri gradient, tuong tu nhu & RMSProp, tuy nhién ¢ day Adam sir
dung phép hiéu chinh d6 chéch (bias correction), cong thém maét hang s6 nho dé diéu
chinh cho truong hop khai dong cham khi wde lugng dong lwong va mé-men bac hai:
, _ nmg
Gt = =

\/Vt + ¢
Ddi véi gradient c6 phuong sai dang ké, ching ta cé thé gap phai nhiing van dé lién
quan téi hoi tu. Nhitng van dé& nay c6 thé duoc khic phuc bing cach sir dung cac
minibatch ¢o6 kich thuéc I6n hon. Véi su higu qua trén, Adam da tré thanh phuong
phap mic dinh duoc chon dé huan luyén cac mang no-ron.

Phé bién va thuong duoc stir dung 13 vay, tuy nhién khi duoc kiém tra trén mot
loat cac nhiém vu hoc sau khac nhau nhu phan loai hinh anh, mé hinh ngén ngit cap
ky tu va phan tich ci phap, Adam khong c6 hiéu suat tong quét tét nhu SGD véi dong
lwong (SGD with momentum). Su khéc biét cia Adam nam & cach thac trién khai
khong hiéu qua cua trong sb tiéu bién (weight decay). Pé giai quyét van dé nay,
ching ta c6 mot thuat toan khac d6 1a AdamW. AdamW stra d6i don gian mot chit
so voi Adam bang cach tach riéng trong sé tiéu bién (weight decay) khoi cac budc téi
uu hoa duoc thuc hién trong ham mat mat.

Weight decay la giam gia tri trong s6 theo ham mii vé6i hé s giam trong s 0:

(2.12)
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Ots1 = (1 =20 — aVf(8,) (2.13)
O day, A xac dinh toc do giam trong sb theo mdi budc va Vf.(0,) 1a do dbc cua batch
thir t s& duoc nhan vai tbe do hoc a. D4i véi Stochastic gradient descent weight decay
tuong duong voi L, regularization. Tuy nhién diéu nay nguoc lai véi cac thuat toan
adaptive gradient. Viéc sir dung L, regularization trong Adam giéng nhu Stochastic
gradient descent di cho cac két qua khdng tét khi thuc nghiém.

Diém khéc biét 16n nhat cia AdamW va Adam duoc thé hién rd rang qua

phan weight decay trong hinh so sanh hai thuat toan & duéi day:

Algorithm 2 | Adam with L, regularization and Adam with decoupled weight decay (AdamW)

1: given o = 0.001, 81 = 0.9,82 = 0.999,¢ =105, A e R
2: initialize time step ¢t <— 0, parameter vector 8,—y € R"™, first moment vector m;—q < 0, second moment
vector vi—g < 0, schedule multiplier n:—¢ € IR
3: repeat
4: t+—t+1
5: V fi(8i—1) + SelectBatch(6,_1) > select batch and return the corresponding gradient
6: g, V[fi(O:-1) +AO: 1
7: m; « Simi_1 + (1 — B1)g, > here and below all operations are element-wise
8: Ve < Bavio1 + (1 — ,E:’g)gf
9: my < my/(1 —ﬁf) > B is taken to the power of ¢
10: vy —ve /(1 — ﬁé) > (B2 is taken to the power of ¢
11: 1 < SetScheduleMultiplier(t) > can be fixed, decay, or also be used for warm restarts

12: 9i — 63,1 — Tt (O:ﬁlf,/(\/ i‘,f, + G) +A9t71 )
13: until stopping criterion is met
14: return optimized parameters 8,

Hinh 2.20: M4 gia thuit toan téi wu ciia Adam va Adamw

Nhin vao ma gia thuat toan & trén, khi Adam chay trén ham mat mat f, va cong véi
regularization, nhiing trong s6 c6 xu hudng c6 gradient 16n trong f s& khéng duoc
diéu chinh nhiéu. Bai vi trong L, regularization, ca hai gradient ciia hai s6 hang (ham
mat mat va regularization) déu dugc diéu chinh theo d6 16n cia chung. Do d6, trong
sb X voi d6 16n gradient 16n s duoc diéu chinh theo mot luong twong ddi nho hon so
Véi cac trong sé khac.

Nguoc lai, viéc tach riéng weight decay cia AdamW sé& diéu chinh tat ca céc trong s6
véi cling tde do A, diéu chinh hiéu qua céc trong s6 X véi s 16n hon so véi chuan hda
L, tiéu chuan. Nhu trong hinh trén, AdamW tach riéng weight decay khoi budc toi
uu hoa dugc thyc hién trong ham méat mat (dong 6) bang cach chuyén né xung phan
cap nhat trong sé (dong 12).

AdamW dem lai hiéu suat tong quat tot hon dang ké véi viéc tach riéng weight
decay so véi Adam L, regularization. Piéu nay da duoc chitng minh qua thuc nghiém,
viéc tach riéng weight decay lam cho cac cai dit toi vu cua tde do hoc tap va weight
decay doc lap hon nhiéu, nhd @6 giam bét ti wu hoa siéu tham sd.
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2.3.4 Ham mdt mét

Ham mat mat (loss function) 1a mot ham sé duoc sir dung dé do ludng muc do
sai léch gitra dau ra dy doan ctia md hinh va gié tri thuc té (ground truth). Muc tiéu
ctia ham mat mat 1a toi thiéu hoa sai léch nay, tir d6 cung cip mot danh gia vé hiéu
suat caa mo hinh.

Ham mat mat duoc st dung cho OWL-ViT trong dé 4n nhu sau:

Ltotal = Lclass '{'LUnmatched + LGIoU + LBox (2-14)

Trong d6 L, 12 ham mat mat phén loai twong phan (contrast classification
loss) dugc tinh dya trén nhiing truy van dang (positive queries) va truy van sai
(negative queries) cho ting bounding box duoc du doan trong 4nh V6i ppos, Preg 12
X4c suat cia bounding box cho truy van ding va truy van sai.

1
Lijass = — log(ppos) + z log(1 — pneg) (2.15)

Npeg fnek

Ngoai ra cling c6 mot ham mat mat Ly,matcneq 4 10ai bo cac bounding box
gia dugc phat hién vai xac suat cao cho truy van dung. Nghia 1a bounding box dugc
du doan dung nhan phan loai nhung kich thudc bounding box nay khéng khaop véi
ground truth box. S6 bounding box khéng khdp duoc dat 1a U. Cong thic caa ham
LUnmatched nhu sau:

1
Lynmatched = — az log(1 — ppos) (2.16)
u

Ham mat mat cuia mé hinh sir dung cho bounding box 1a ham mat mét L1 (L1
loss) va ham mat mét GloU (GloU loss) cho phan ham mat mat dinh vi vat thé
(localization loss). Ham mat mat L1 con duoc goi 1 tén that tuyét d6i trung binh
(mean absolute loss) hozc sai s6 tuyét d6i trung binh (mean absolute error). N6 chi
don gian la tong cua sy Khac biét tuyét d6i gitra gid tri thuc té y,.,. Va gia tri du doan
Ypredict- CONg thuc ctia L1 loss nhu sau:

n
LLl = Z|Ytrue - Ypredict| (2.17)

1=1
Khi thyc hién phat hién d6i tugng, md hinh s& du doan cac thong s6 cua bounding
box nhu toa do (cx, cy) cua thm hop, chiéu rong va chiéu cao. Dé do luong su sai
khac gitra cac bounding box du doan va thuc té, L1 loss duoc tinh toan bang cach
tinh téng gia tri tuyét d6i cua hiéu gitta cac thong so cia hai bounding box d6. Cy thé,
dé tinh L1 loss cho phat hién dbi twong, ta lay téng gia tri tuyét doi cua hiéu gitra cac
thong s6 cua bounding box du do4n va bounding box thuc té cho tat ca cac ddi tuong
trong anh. Sau d6, L1 loss duoc tinh toan bang céch lay trung binh cua cac gia tri
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tuyét d6i nay. L1 loss giup do luong mirc d6 sai khac giita cac bounding box du doan
va céc bounding box thuc té. Néu L1 loss cang nho, tic & cac bounding box du doan
va thyc té cang gan nhau, thi mé hinh phét cang chinh xac.

GloU (Generalized loU) 1a mot phién ban cai tién cua loU trong viéc danh gia
d6 tuong dong giira hai bounding box trong phat hién d6i tuong. GloU dugc dua ra
dé giai quyét nhuoc diém cua loU khi khéng cd su giao nhau giira cac hop gigi han.
Tai nhiing 1an du doan luc dau, khi mé hinh chua duoc “hoc nhiéu”, cic box khong
hé giao nhau la chuyén hoan toan c6 thé xay ra. Khi st dung loU, viéc khong c6 su
giao nhau gitra cac hop gisi han lam cho ty 1¢ chong 1an (overlay) ludn bang 0, va do
d6 khong thé phan biét dugc hop nao tét hon. Vi du nhu ¢ hinh 2.21 dudi day:

(5,6) (10.5) (5,5)
A
i ? (10,10)
(10,10) (15,15)
B
(15,15)
- . IOU(A,B)=0
IOU(A,B)=0 | )
GIOU(A,B)=-0.25 GIOU(A,B)=-0.5
(a) (b)

Hinh 2.21: So sanh giir loU va GloU

Dé giai quyét van d& nay, GloU tinh toan khong chi ty 1é chong lan ma con
danh gia sy gan nhau cua hai bounding box. N6 s& tinh toan ty Ié chong lan (overlap
ratio) cling vai mot thanh phan khoang cach (distance term) giita hai hop gigi han.
Két qua 14, GloU c6 thé phan biét duoc giira cac hop khdng giao nhau va cho két qua
t6t hon so véi IoU trong cac trudong hop ndy. Coéng thuc tinh cia GloU nhu sau:
C(AUB)

C
VailoU = ﬁ va C l1a hinh chir nhat nho nhét bao quanh hai bounding box A va B.

Ta c0 dién tich hinh chir nhat C dugc tinh nhu hinh dudi day:

GloU = IoU — (2.18)
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Hinh 2.22: Hinh chir nhat C bao quanh hai bounding box A va B trong GloU

Nhin vao céng thuc ¢ trén, ta c6 loU co6 gia tri [0,1] nén suy ra gia tri GloU
s& nam trong (-1, 1). Cong thic cua ham mat mat GloU s& nhu sau:

C\(AUB)

LGIOU =1—-GloU=1-1IoU+ (219)

2.4 Két luan chwong

Trong chuong 2, dé an trinh bay tir tong quan dén chi tiét cac nghién ctu lién
quan cta phuong phap. Dau tién 14 trinh bay vé md hinh phat hién dbi twong tir vung
md& OWL-VIT vaéi cac phén Text Encoder, Vision Encoder va ham mat mat cia mo
hinh. Tiép dén l1a mo ta chi tiét vé ky thuat SAHI vai hai phan si dung trong tinh
chinh va sir dung trong suy luan. Dé an ciing trinh bay chi tiét ¥ twong két hop hai
phan lai va dua ra giai phap cho van dé phét hién d6i tuong kich thudc nho trong anh
chup tir Drone. Phuong phép str dung SAHI dé tang cuong dir liéu cho tap dit liéu
dao tao. Sau do6 tinh chinh mé hinh OWL-VIT véi tap dir liéu dao tao da duogc tang
cudng. Bé &n mo ta thuat todn toi uu AdamW duoc cai tién tir Adam va ham mat mat
sir dung trong qua trinh tinh chinh. Tiép dén chuong 3 viét vé viéc trién khai va danh
gié hiéu qua cua phuong phap.
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Chwong 3 - THUC NGHIEM VA PANH GIA

3.1 M6 ta cac b dir liéu
3.1.1 Nguén di liéu

Cac thiét bi bay khong nguoi 1ai (UAVS), hay con goi 1a drone, duoc trang bj
may anh va di duoc trién khai nhanh chéng trong mét loat cac tng dung, bao gom
ndng nghiép, nhiép anh tir khong gian, giao hang nhanh va gidam sat. Do do, viéc hiéu
tu dong di liéu hinh anh thu thap tir c4c nén tang nay tré nén rat doi hoi, dong thoi
dua thi gidc may tinh gan giii hon véi cac drone. Vay nén mot bo dit liéu chuan doan
quy mé Ion véi danh dau chinh xac cho cac nhiém vu quan trong cua thi giac may
tinh, mang tén da ra doi, nham két hop thi giac va drone lai véi nhau. Bo dit liéu
VisDrone2019 dugc thu thap boi nhdm AISKYEYE tai Laboratoire of Machine
Learning and Data Mining, Pai hoc Thién Tan, Trung Quéc. Bo dir lieu gom 288
doan video dugc tao thanh tir 261,908 khung hinh va 10,209 anh tinh, dugc chup bai
cac may anh gan trén drone khac nhau, bao gom nhiéu khia canh khac nhau bao gom
vi tri (chup tir 14 thanh phé khac nhau cach nhau hang nghin km tai Trung Qudc),
moi truong (d6 thi va nong thon), dbi twong (nguoi di bo, Xe ¢, xe dap, V.v.), va mat
d6 (canh ving va tic nghén). Luu ¥ rang, dir liéu duoc thu thap bang cach su dung
c4c nén tang drone khac nhau (ttc 1a drone véi cac mé hinh khac nhau), trong cac
tinh hudng khac nhau va dudi cac diéu kién thoi tiét va anh sang khac nhau. Nhitng
khung hinh nay duoc gan nhan tha cong véi hon 2.6 triéu bounding box déi twong
quan tam thudng xuyén, chang han nhu ngudi di bo, xe 6 t, xe dap va xe ba banh.
Mot s6 thudc tinh quan trong bao gom kha ning hién thi canh, I6p d6i twong va che
khuat ciing duoc cung cap dé tan dung dit liéu tét hon.
3.1.2 Chi tiét da liéu

Bo dit liéu dugc st dung trong dé an 1a bo dir liéu anh tinh tir chup tir drone
sir dung dé phét hién ddi tuong VisDrone2019-Detection, gdm cac hinh anh chyp tur
trén cao, goc rong vai rat nhidu dbi twong kich thude nho trong anh. Bao gdm 10,209
anh 3 tap dao tao-xac thyuc-kiém thir dugc véi s6 luong anh lan luot 1a 6471, 548,
1610. S6 lwong dbi tuwong 1a 2,6 triéu ddi twong bao gom cac loai sau: nguoi di bo,
dam dong nguoi, xe dap, 0 t0, Xe ban tai, xe tai hang nang, xe ba banh, xe ba gac, xe
bus. Chi tiét mé ta bo dix lidu & bang 3.1 duéi day:

Bang 3.1: Chi tiét b dir liéu Visdrone2019-Detection

STT | Thugce tinh M0 ta

1 S6 luwong anh 10,209

2 S6 luong dbi twong 2.6 triéu
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3 Céc loai ddi tuong Nguoi di by, ddm dong nguoi, xe dap, 0 t6, xe
ban tai, xe tai hang nang, xe ba banh, xe ba géc,
xe bus.

4 Dung luong 1.81 GB

5 Loai anh Anh mau RGB

6 Kich thudc Céc anh c6 chiéu dai >1000 pixel, chiéu rong
>700 pixel

7 Nhan Mdi anh duoc gan véi mot tép nhan .txt twong

ing gdém cac doi twong va bounding box trén

tirng dong

8 Ty & phan chia tap huan

luyén-xac thuc- dao tao

Ty 12 twong ing 63.38%, 5.37%, 31,25%

9 Puong lién két tai

https://qithub.com/VisDrone/VisDrone-Dataset

Bo dir lieu gom 10 16p doi twgng, chi tiét s6 luong ting loai d6i twong trong tap di

li¢u nhu bang 3.2.

Bang 3.2: Chi tiét s6 lwgng tirng loai ddi twong trong tap dir liéu

Tap dao tao Tap xac thuc Tap kiém tra

Car 144.866 14.064 28.074
Pedestrian 79.337 8.844 21.006
People 27.059 5.125 6.376
Motor 29.647 4.886 5.845
Van 24.956 1.975 5.771
Bicycle 12.875 1.287 1.302
Tricycle 4.812 1.045 530
Truck 12.875 750 2.659
awning-tricycle 3.246 532 599
Bus 5.926 251 2.940



https://github.com/VisDrone/VisDrone-Dataset
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Hinh 3.1: Mgt anh trong b dir liéu chup tir drone

Nhin vao btic anh trén, cé thé thay rang cac d6i twong chup tir drone trong bo
dit lieu VisDrone2019-Detection kha nho. Vi mot s anh, nhat 1a déi voi cac doi
tugng & goc xa, vira nho lai con gan nhau, mat do day dic.

3.2 Qua trinh tinh chinh md hinh OWL-ViT két hop SAHI
3.2.1 Théng s, dé do

Dé &n str dung do do trong phat hién d6i twong 1a MAP viét tit cuaa mean
Average Precision (d6 chinh xac trung binh). Mot AP (Average Precision) duoc tinh
toan cho mdi l6p d6i twong riéng 1é trong bai toan object detection. mAP 1a gié tri
trung binh cua tt ca cac AP nay. Dé tinh toan mAP, cac budce sau duoc thuc hién:

1. Tinh toan AP cho mdi Iép d6i tuong: Pau tién, tinh toan gia tri Precision va Recall
cho mdi ngudng ngudng xéac suit (threshold) dé xac dinh bounding box du doan 1a
chinh xac hay khong. Trong bai toan phat hién dbi twong thi cach tinh Precision va
Recall cling twong tu nhu bai toan phan loai nhung cach dinh nghia True Positive,
True Negative, False Positive, False Negative c6 su khac biét, n6 sé sa dung mot
thong s6 khac 13 IoU (intersection over union) nd don gian 1a ti sé cua dién tich tring
Iap cta 2 bounding box trén dién tich hop cua 2 bounding box. Khi tinh cac gia tri
True Positive, False Positive cua Precision va Recall, ta cd sir dung mot théng sé 1a
ngudng loU (loU threshold). Tuy thudc vao tap dataset ma ta danh gia nén dat ngudng
cho phti hop. Vay nén AP c6 thé duoc ki hiéu 1a AP@a voi a 1a gia tri loU threshold.
Duya vao thdng s IoU nay nguoi ta s& xac dinh True Positive, True Negative, False
Positive, False Negative nhu sau:

e True Positive (TP): Khi loU cua hop du doan vat thé (predict box) va hop nhan

that (ground truth) 16n hon hoic bang ngudng IoU diung dé danh gia.
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e False Positive (FP): Khi loU cua hop du doan vt thé (predict box) va hop
nhan that (ground truth) nhé hon ngudng IoU dung dé danh gia.
e True Negative (TN): Thong sé nay c6 thé hiéu né nhu 1a background va s&
khong can quan tam thong sb nay.
e False Negative (FN): Bounding box cuia ddi tuong khong duoc phat hién (phat
hién sot)
Sau d6, xay dung dudng cong Precision-Recall bang cach sap xép céc cap (Precision,
Recall) theo thir ty giam dan cua Recall. Cudi cung, tinh toan dién tich dudi duong
cong Precision-Recall, tirc 1a AP cho 16p dbi tugng do.
2. Tinh todan mAP: Sau khi tinh toan AP cho mdi lép ddi tuong, mAP duoc tinh bang
cach |y gia tri trung binh cua tat ca cac AP nay. Piéu nay dam bao riang sy danh gia
hiéu suat caa md hinh phat hién déi tugng khong chi dwa trén mot 16p dbi tuong cu
thé, ma 1a su két hop cua hiéu suat trén tat ca cac 16p ddi twong co trong bo dir liéu.
Cong thirc tinh mAP cho n 16p ddi tuong trong tap dit liéu nhu sau:

n
1

mAP = —2 AP, (3.1)
nnzl

MAP 1a mot phép do quan trong dé danh gia tong thé hiéu suat caa mé hinh object
detection. N6 1a mét chi s6 pho bién va duoc sir dung rong ri trong ca nghién cau va
ing dung thyc té.
3.2.2 Tang cwomng diF lidu véi SAHI

O chuong II, dé an di viée tang cudng dit lidu dao tao cho bo dir liéu bang ky
thuat SAHI. Tai phan thuc nghiém nay, ta chia cac anh trong tap dao tao thanh cac
anh c6 kich thuéc nho hon (anh slice) 1a 840x840, 960x960 véi ty 1 chong lan 1a 0
va 0.25. Tir o ta duoc 4 tap dit liéu nho hon 13 840x840 ty 1 chdng 14n 1, 840x840
ty 1& chong 1an 0.25, 960x960 ty 1é chong 1an 0 va 960x960 ty I¢ chong lan 0.25.
Nhin vao sé luong ddi tugng tirng 16p trong tap dao tao dwogc mo ta tai bang 2 ¢ trén,
cd thé thay rang s6 lugng dbi tuong trong cac 16p khong duoc can bang, didu nay dan
ti viéc mat can bang trong phét hién ddi tugng, nghia 1a mé hinh sé& du doan nghiéng
vé 16p ¢6 sé luong dbi trong dugc hoc nhiéu hon, vi né ¢6 nhiéu hon trong tap dao
tao. Pé giai quyét van dé dé nay ta &p dung SAHI dé ting cuong dit lidu. Sau khi chia
anh trong tap dao tao thanh cac anh c6 kich thudc nho hon, ta tang cuong nhirng 16p
it dir liéu bang céch lay thém cac ddi twong trong anh slice trong qua trinh tinh chinh.
Nhu trong bang 3, 16p car (6 t6) trong tap dao tao ban dau da du nhiéu nén khong lay
thém dbi twong dé ting cudng anh. Va 16p van hay truck can bd sung thém anh dé
can bang hon véi 16p car, vi cac loai & td d& bi nham véi nhau (xe truck hay bi nham
phan dau xe thanh car). Twong tu v&i l6p motor, bicycle, tricycle, awning-tricycle,
cac dong xe mo td, xe ba banh, xe dap rat d& nham 13n nén ting cuong chdng 1én sb
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lwong déu bing nhau. Bang 3.3 duéi day mé ta chi tiét s6 luong cac ddi twong cua
c4c 16p tang trong viée tang cuong dir liéu, nhitng sé in dam Ia nhiing s6 dugc ding

dé cho vao tap dao tao mai.

Béang 3.3: M0 ta chi tiét vé s6 lwong ddi twong dwere ting cwdng theo 16p

Lop Tap dao | Slice 840- | Slice 840- | Slice 960- | Slice 960- | Tap dao
tao ban 0 025 0 025 tao méi
dau

car (3) 144.866 280.028 | 299.263 328.313 359.478 144.866

pedestrian | 79.337 145.894 154.630 167.470 179.868 79.337

(0)

motor (9) |29.647 59.054 62.814 65.710 75.213 29.647

people (1) |27.059 52.687 57.093 57.047 66.631 27.059

van (4) 24.956 45.081 48.579 52.629 57.374 127.411

truck (5) 12.875 25.088 26.231 28.988 31.362 124.544

bicycle (2) |10.480 20.641 23.538 23.077 26.387 31.121

bus (8) 5.926 10.087 10.335 11.750 12.538 50.656

tricycle (6) |4.812 9.612 10.331 9.290 11.597 25.921

awning- 3.246 6.965 7.470 6.997 9.259 26.940

tricycle (7)

Biéu d6 tai hinh 3.2 duéi day 1a mo ta truc quan su ting cudng di liéu ddi voi
cac 16p. Nhin vao biéu dd co thé thiy ngay dugc céc 16p car, predestrian, motor,
people duoc gitr nguyén vi chiing di c6 nhiéu trong tap dao tao. Lép bus va 16p truck
duogc tang cuong 1én nhidu nhét vi chdng c6 rét it trong tap dao tao va lai bi 16p hay
nham 14 car 4p dao vé s6 luong. Sau khi tang cuong c6 nhiing Iép dugce tang so luong

d6i twong 1én hon 10 1an.
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So sanh sé lvong dbi twong theo tirng I&p trwéc va sau khi tang
cwong dir liéu
W Truec M Sau
150.000
100.000
50.000
o]
. o 3@ @ @ a
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Hinh 3.2: Biéu d6 s lwong ddi twong dwoe ting cwong theo cac I6p bang SAHI

3.2.3 Tinh chinh m6 hinh véi bg dé ligu Visdrone

Sau khi ting cuong dit liéu cua tap dao tao & trén bang SAHI, tinh chinh mé
hinh OWL-ViT véi 10 epochs, toc d6 hoc la 3e-7. M6 hinh dugc danh gia do mat mét
trén tap val cia VisDrone2019-Detection, két qua dao tao mé hinh duoc trinh bay &
hinh 3.3 va bang 3.4 dudi day.

Training and Validation Loss

—— Train Loss
- Validation Loss

Epochs

Hinh 3.3: Két qua train loss va val loss trong qua trinh huén luyén

Bang 3.4: Két qua train loss va val loss trong qua trinh huan luyén

Epoch Train loss Val loss
0 0.356 0.412
1 0.348 0.455
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2 0.215 0.366
3 0.117 0.262
4 -0.126 0.139
5 -0.203 -0.143
6 -0.275 -0.145
7 -0.295 -0.124
8 -0.339 -0.165
9 -0.333 -0.163
Nhan xét:

-Gié tri gitra train loss va val loss déu c¢6 xu hudng giam dan trong qué trinh huan
luyén. Tir nhitng epoch 7 vé sau, val loss va train loss khong giam nhiéu.
-Mo hinh dat két qua tét nhat trén tap val véi val loss = -0.165 khi train loss = -0.339
tai epoch thir 8.
3.3 Panh gia két qua
3.3.1 Két qua Owl-ViT két hop SAHI

Tur két qua cua huan luyén trén, chon md hinh & epoch tht 8 c6 két qua tét
nhat dé danh gia trén tap kiém tha cia bo dix lieu Visdrone2019. St dung d6 do mAP
v6i ngudng loU = 0.5 theo 3 loai dbi twong 16N, vira va nho & bang

Bang 3.5: Két qua danh gia mo hinh OWL-ViT + SAHI trén tap kiém tra

STT Po do Két qua Ghi cha

1 MAP@0.5 28.5 Cho toan bo doi
tuong

2 MAP@0.5s 17.5 Dbi tuong kich thudc
nho

3 mAP@0.5m 43.2 Péi twong kich thudc
vua

4 mAP@0.5I 48.7 Déi twong kich thudc
I6n
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Bang 3.6: So sanh OWL-ViT + SAHI va OWL-ViT ban dau trén tap kiém tra

mAP@0.5 | mAP@0.5s | mMAP@0.5m | mAP@0.5I
OwL-ViT ban dau 21.3 10.7 38.5 45.2
OWL-ViT + SAHI 28.5 17.5 43.2 48.7
Nhan xét:

- Nhin chung OwL+ SAHI ting két qua 1én dang ké so voi OwL ban dau chua dugc

fine-tune. Tang MAP@0.5 trén toan tap kiém tra 1a 7.2%.

- Péi véi dbi tugng loai nho mMAP@0.5s ting 6.8%. So véi m hinh gbc ban dau, day

la mot két qua kha tot.

Duéi day 1a mot s6 hinh anh két qua phét hién dbi twong trong tap kiém tra giira mo
hinh OWL-ViT ban dau chua dugc fine-tune va md hinh OwL-ViT+SAHI.

Hinh 3.4: Phat hién d6i twong 6 td véi OWL-ViT ban dau (trai) va OwL-ViT ké hop
SAHI (phai)

Hinh 3.5: Phat hién d6i twong 6 t6 va nguoi véi OWL-VIT ban dau (trai) va OwL-ViT
ké hop SAHI (phai)
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3.3.2 So sanh véi cac md hinh khac két hop SAHI

Véi két qua trén, ta so sanh md hinh OwL-ViT két hop SAHI v&i mot s6 md
hinh khac ciing két hop voi SAHI duoc danh gia cung trén tap kiém tra cua bo dix liéu
VisDrone2019.

Bang 3.7: So sanh OWL-ViT két hgp SAHI véi cac md hinh khac

mMAP@0.5 | mAP@0.5s | mMAP@0.5m | mMAP@0.5I
FCOS + SAHI 25.8 14.2 39.6 45.1
VFENet + SAHI 28.8 16.8 44.0 47.5
TOOD + SAHI 29.4 18.1 44.1 50.0
OwL-ViT + SAHI 28.5 17.5 43.2 48.7
Nhan xét:

- So sanh 4 md hinh trén, co thé thiy do chinh xac mAP caa mé hinh OwL-ViT két
hop SAHI dtng thi 3, chi hon FCOS. Tuy nhién so vé loai d6i twong nho
MAP@0.5 thi m6 hinh lai ding thir 2, chi sau TOOD 0.6%.

-V6i loai ddi tuong 16n mMAP@0.51, mé hinh ciing dung thir 2. Loai ddi tuong vira
MAP@0.5m tuy ciing ding thtr 3 nhung chi kém TOOD 13 0.9% va hon kha nhiéu
so v6i FCOS la 3.6%.

3.4 Demo

3.4.1. Gigi thiéu vé Hugging Face Gradio

Hugging Face Gradio 1a mét c¢ong cu ma ngudn mé duoc phat trién boi
Hugging Face, nham gidp xay dung giao dién nguoi dung twong tac cho mé hinh Tri
tué Nhan tao (Al) mot cach dé dang. Gradio két hop gitra kha nang xu Iy ngdn ngi
tu nhién va hinh anh cua Hugging Face véi Gradio, mét thu vién giao dién nguoi
ding twong tac ma ngudn mo.

Gradio cung cap c4c cong cu dé tao ra c4c giao dién twong tac cho mé hinh Al
mét cach nhanh chéng, ma khong yéu cau nhiéu kién thirc vé lap trinh hoac giao dién
ngudi dung. Véi Gradio, ban c6 thé xay dung giao dién ngudi dung cho mé hinh Al
trong vai dong ma, cho phép ngudi dung tuong tac véi md hinh va xem két qua truc
tiép. Cac tinh nang chinh cua Hugging Face Gradio bao gom:

1. Tu dong tao giao dién: Gradio ty dong tao giao dién dua trén cac ddi sé dau vao
va dau ra cua md hinh Al. Ban chi can xac dinh cac kiéu di liéu va md hinh s& tu
dong tao giao dién twong ung.
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2. Hb tro da loai dau vao: Gradio hd trg nhiéu kiéu dau vao, bao gdm vin ban, hinh
anh, Aam thanh va video. Diéu nay cho phép ban xay dung giao dién cho mé hinh Al
véi nhiéu loai dit liéu dau vao khac nhau.

3. Giao dién tuong tac linh hoat: Gradio cho phép ban tao céc thanh phan giao dién
nhu hop vin ban, nit nhan, hop kiém, trinh chon va nhiéu hon nira. Ban c6 thé tiy
chinh giao dién dé phu hop véi nhu cau cua tng dung cua minh.

4. Hién thi két qua tryc tiép: Gradio hién thi két qua tir md hinh Al ngay trén giao
dién ngudi ding, cho phép ngudi dung xem két qua mot cach tryc quan va twong tac
véi chang.

Gradio cung cap mét cach dé& dang va nhanh chéng dé xay dung giao dién
nguoi dung tuong tac cho md hinh Al. N6 la mét cong cu hitu ich cho viéc thu
nghiém, trién khai va chia sé mé hinh Al véi ngudi ding mét céch truc quan va hap
dan.

3.4.2 Xay dung giao dign demo
Xay dung demo trén Hugging Face véi md hinh OWL-ViT két hop SAHI da
duoc huan luyén & trén dé phat hién cac ddi twong trong anh chup tir Drone. Giao
dién c6 hai phan chinh Ia Input (bén trai) va Output( bén phai). Chi tiét dugc md
ta dui day:
e Input:
-Anh dau vao. C6 thé tai anh Ién tur thiét bi hoic kéo anh tir phan
examples bén dudi.
-Tir truy van (text queries): tén loai d6i twong muén phat hién.
-Thanh truot diéu chinh score threshold: diéu chinh ngudng confidence
cho phat hién d6i tuong.
Output: Anh két qua. Phét hién déi twong tir anh dau vao.
NGt Submit: Tién hanh phat hién dam chay tir anh.
NGt Clear: X6a anh, x6a két qua. Tro vé giao dién ban dau.
Examples: Cac anh vi du kém ngudng c6 san, ngudi dung c6 thé kéo
vao dé demo nhanh két qua.
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Hinh 3.6: Giao dién demo ctia md hinh OWL-ViT két hop SAHI

3.4.3 Két qud demo
Sau khi xay dyung giao dién demo xong, dudi day la két qua st dung cac chuc
nang trén giao dién. PAu tién 1a vai hinh anh duoc tai 1&n tir may tinh ca nhan.

Budc 1: Click chudt vao ki hiéu tai 1én ¢ phan giao dién Input. Chon anh va

an tai lén.

Budc 2: Nhap phan text queries: tén I6p dbi twong can phét hién

Budc 3: Biéu chinh thanh truot score threshold vé ngudng mong mubn

Budc 4: Click nut Submit dé tién hanh phat hién ddi tugng trong anh. Sau khi
két qua duoc hién thi ¢ phan Output, ¢6 thé an nut Clear dé xda toan bo Input

d3 nhap va két qua

Object Detection with OWL-VIiT + SAHI
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Hinh 3.9: Két qua phat hién déi tweng trén giao dién Demo

Ngoai ra, c6 thé sir dung phan example, phat hién déi trong cuing anh ngudng
c6 san dé demo két qua. Chi can click vao anh muén demo trong danh sach va an
Submit dé xem két qua.
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Hinh 3.10: Phan example trong giao dién demo

3.5 Két luan chwong

Véi chuong 3, dé an trinh bay cu thé vé qua trinh thyc nghiém va danh gia
hiéu qua cta phuong phap dugc dé xuat. M6 ta chi tiét vé cac bo dir liéu duoc sir
dung trong qué trinh tinh chinh va danh gia. Trinh bay cach thac tang cuong bo dir
liéu dao tao cua tap dir liéu Visdrone2019 biang SAHI. Pdng thoi, dé an ciing trinh
bay V& qua trinh tinh chinh mé hinh OWL-ViT véi cac budc cy thé. Panh gia cac két
qua ciia md hinh OWL+SAHI véi md hinh gbc OWL-VIT dé thay duoc su hiéu qua.
So sanh thém vai cac két qua da co véi cac phuong phap khac trén cac bo dir liéu st
dung. Xay dung demo cho phuong phap dé dé dang sir dung mé hinh phéat hién déi
tugng cho anh, truc quan hoa két qua.
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KET LUAN

Cac két qua dat duoc cua dé an tét nghiép:

e Nghién ctru cac bai toan phat hién déi tugng, phat hién déi twong tir vung mé
va phat hién d6i twong c6 kich thuéc nho trong anh chuyp tir drone. Trinh bay
kién tric mé hinh OWL-ViT, k¥ thuat SAHI.

e Nghién ctru phuong phéap két hop gitra md hinh phét hién déi twong tir vung
mé OWL-VIiT va ky thuat SAHI gidip phét hién dbi twong kich thudc nho trong
anh hiéu qua hon. Tir d6 tan dung duoc két hop gitta vin ban va hinh anh dé
phét hién duoc nhiéu ddi tuong kich ¢& nhé trong anh chup tir drone.

e Tién hanh thuc nghiém va danh gia do hiéu qua cua phuong phap OWL-ViT
cho viéc phat hién ddi tugng kich thuéc nho trong anh chup tir drone. Xay
dung demo cho phuong phéap dé dé dang sir dung md hinh phét hién déi tuong
va truc quan hda két qua.

Hudéng nghién ciu tiép theo:

e M0 hinh: nghién ctiru md hinh gitp phat hién dbi tugng véi toe do nhanh va
chinh xac hon cho video. Nghién ctru thém céc ki thuat c6 thé 4p dung dé giai
quyét nhitng van dé khac trong phat hién ddi tuong.

e Ung dung: md rong nghién ciu tinh ang dung ciia phuong phéap cé thé ap dung
vao nhiing linh vuc nao khac trong cudc song dé xay dung san pham thuc té.
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