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LOI CAM ON

T6i xin chan thanh giri 101 cam on dén cac quy Thay, quy Co trong Khoa Cong
Nghé Thong Tin - Truyén Thong cta truong Pai hoc Can Tho. Toi cam on vi nhitng bai
giang day ap kién thirc ciing nhing trai tim tran ddy tim huyét ma quy Thay va quy Co
da truyén dat nhitng kién thirc dén cho t6i khi t6i con ngdi trén giang dudng trong thoi
gian qua. Ti ciing khong thé nao quén duoc cac thong diép ma cac quy Thay va quy
C6 da nhan nhi, cling nhu giri gdm dén cho t6i, va d6 ciing s& 1a hanh trang cho toi budc
dén sy thanh cong trén con dudng tuwong lai.

T6i ciing xin gti 101 biét on sdu sic dén Thay Lam Hoai Bao. Nguoi Thay da
nhén t6i vé d6i nghién ctru ctia Thay. Thay mang dén toi rat nhidu bai hoc, dong luc,
gop v dé toi c6 thé thyc hién dé tai nghién ctru luan van “Xay dung cong cu phat trién
tmg dung cho cam bién may anh ty dong” va hoan thanh dé tai nghién ctru mét cach
hoan thién nhét.

To1 cling mudn guri cam on dac bi¢t dén cac vi giang vién, can bg, nhan vién cua
khoa Cong Nghé Thong Tin Truyén Thong va trudng Pai hoc Can Tho, cac anh chi em
tap thé 16p cao hoc Khoa hoc may tinh khoa K25, cing cic anh chi em dong nghiép
cong ty DEK Technologies va cong ty Bosch Global Software Technologies Vietnam
da dong vién, giup d& cho t6i trong sudt qua trinh hoc tip ciing nhu qua trinh thyc hién
dé tai nghién ctru luan van.

Mot 1an nita, Toi xin chan thanh cam on va biét on!

Can Tho, ngay 03 thang 02 nam 2022
Nguoi viét

Co6 Bao Hiéu
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TOM TAT

Nghién ctru ndy nham tao ra mot tap hop cac nghién ctru xtr 1y lién quan dén con
mat cia Robot d6 1a camera. Nghién ctru sir dung cac phan ctng tuwong thich véi 1ap
trinh nhing tir d6 tao diéu kién cho nhitng phan cimg véi gia ca thdp nhung phan mém
di kém v6 cung an twong va hop 1y hon khong kém canh cac hé thong nghién ciru cao
cip ctia cic phan mém véi phan cimg c6 gia thanh cao. Va d& dang sir dung, dé dang
cap nhat, dé dang g& 16i, nho gon, tién lgi ma véi cong nghé xir 1y cac thuat toan Al
manh mé bén trong.

Nghién ciru st dung thu vién OpenCV 1a chu dao dé giai quyét cac van dé lién
quan dén nghién ctru nhap xuét hinh anh. Nghién ctru phat hién ddi twong & thoi gian
thyc thi tat nhién khong thé bo qua dugc cac mé hinh mang ho YOLO dé xtr 1y cac van
dé lién quan dén cac bai toan vé phat hién cac khudn mit c6 mang khau trang hay khong
vé viéc tudn thi V2K cta BO Y té, cling nhu phat hién cac dbi twong 1a rau ci qua dé
thuan tién cho viéc xay dung dau bép Al sau ndy. Song song do, nghién ctru con ding
cac thu vién ho tro phat hién khuon mat nhu Dlib, face recognition dé phat hién va dinh
danh cac khudén mit nham phuc vu cho cac hé théng diém danh hoc sinh, sinh vién trong
truong hoc hay cac hé théng cham cong cac cong nhan vién hodc nhitng hé théng mo
ctra it bao mat trong nong trai.

Nghién ciru con cung cidp mi ngudn ctia chuong trinh nghién ciru trén trang
github v6i mong mudn x4y dung mét chuwong trinh tich hop nhiéu chtrc ning hon nira
bén canh nhitng chirc ning nhu xu 1y hinh anh, phat hién mau sic, phat hién ma QR,
tang toc do khung hinh hay nhitng chirc ning Al di ké & trén. Qua d6, nghién ctru hi
vong s& duoc cong dong dong gop ma ngudn dé tao dung sy 6n dinh cho chuong trinh
va duoc cap nhat thuong xuyén dé stra chita khi chuong trinh gip su cb hay 15i.
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ABSTRACT

This research is aimed at creating a set of programming systems that relate to the
robot's eye, which is the camera's primary visual processing system. Research on the use
of embedded program-compatible hardware, thereby enabling lower-cost hardware and
the accompanying software, is impressive and more affordable than systems with
harder-cost hardware. Additionally, the program should be easy to use, easy to update,
and easy to debug. It's also compact, convenient, and full of quality and powerful Al
technology.

Research using the OpenCV library is mainstream for resolving issues related to
image import and export systems. Regarding object detection in real-time, this research
cannot ignore the YOLO family of network models that are designed to handle the
problems of detecting faces with masks and not with COVID19. As well as detecting
objects such as vegetables and fruits to facilitate the development of AI chefs.
Simultaneously, the research also uses discovery support libraries such as Dlib and
face recognition to recognize and identify targets for grading systems, student catalogs
in schools, dot systems for employees, or security window opening systems on the farm.

The source code for this research will be pushed onto the Github page with the
desire to build a system that integrates more functionality, such as image processing,
color detection, QR code detection, and frame rate increases that are impossible with
the current system. The Al has been on the ground for a while now. The system will
thus be contributed source code by the community to create stability for the system and
regularly updated to fix when the system has an issue, error, or other issues that are not
working.
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LOI CAM DOAN

T6i xin cam doan nghién ctru ludn vin t6t nghiép “Xay dyng cong cu phat trién
mg dung cho cam bién may anh ty dong” dugc hoan thanh trén két qua nghién ciru cia
t6i voi sy huéng dan cia Thay Lam Hoai Bao. Ngoai cac trich dan, tai liéu tham khao
cling nhu céc s6 liéu, két qua néu trong luan vin 1a trung thuc va cac két qua ctua nghién
ctru ndy chua duge dung cho bat cir ludn vin cung cap nao khac. Néu khong dung nhu
da néu trén, toi xin hoan toan chiju trach nhiém vé dé tai cia minh dudi moi hinh thue.

Can Tho, ngay 03 thang 02 nam 2022

Nguwoi hwéng dian Tac gia thuc hién
(ky tén) (ky tén)
Lam Hoai Bio Co6 Bio Hiéu
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CHUONG 1. GIOI THIEU
1.1 Giéi thi¢u va 1y do chon dé tai nghién ctru

Cudc sdng ctia con nguoi tir thoi xa xwa cho dén hién tai déu can c6 nhirng cong cu
dé giup cho con ngudi c6 thé thuc hién dugc cac cong viée hing ngay tré nén dé dang,
dé dung va ciing nhu dé tiép can dén thi hiéu ctia moi ngudi v6i mire gia hop 1y dé co
thé phu hop véi tai tién cta nha nha, ngudi nguoi. Pé lam cho didu d6 ngay cang dé
dang, con nguoi ludn tim cach hoc hoi va khong nging nang cip cac cong cu d6 dua
trén cac kién thire duoc tich trir trong hang nghin nim qua.

Dén thoi diém hién tai, thi cong nghé méi nhat c6 thé ké dén do 1a sy ra doi cua
cong nghé 4.0. Cong nghé 4.0 ra doi di tao ra mot cude séng cho con nguoi ngay cang
hién dai, tién loi. Du 14 ngudi 16n hay tré nho thi déu c6 thé dé dang sir dung ma khong
can phai thong qua cac trudng 16p dao tao nao ca. Cong nghé 4.0 véi diy 4p sy hitu
dung da 1am cho khoa hoc tién bo khong ngirng va vugt bac dén ndi tat ca moi thi trong
phim vién tuéng déu cé thé xuat hién & ngoai doi thuc.

Dé c6 thé ché tao ra cac cong cu hitu ich thi can phai tao ra cac thiét bi phan cimg
va phan mém tbi wu va hoan thién nhat. Du 13 phan mém hay phan cing thi vai trd ndo
cling quan trong ca. Nhung dé dap tmg tirc thi cac phan hoi cta cac khach hang khi st
dung, qua d6 stra 161 hoat dong ctia cac san pham thi phan mém ludn dong vai tro dic
biét quan trong trong viéc diéu khién chinh xac cac bo mach hay céac linh kién bén trong
dé chung it hong hdc va tang tudi tho cua chung 1én mirc 1au nhat c6 thé. Vi diéu do,
phan mém nhung di ra doi va co thé thuc hién nhitng diéu dudng nhu khong tuong dé
bién ching thanh hién thuc chan thuyc.

Di kém v6i cong nghé hién dai trong thdi budi dich bénh Covid-19 thi khong thé
khong ké dén céc thiét bi co phﬁn mém nhén dang khuén mat, nhan dang céac vi khach
hang khong mang khau trang hodc c6 trang bi khau trang theo tiéu chuan V2K ctia Bo
Y té khuyén céo dé c6 thé kip thoi phat hién va nhic nhé moi ngudi thuc hién ding véi
Thong diép V2K utrong viéc chung séng an toan véi dich bénh Covid-19. Nghién ctru
“Xay dung cong cu phat trién ing dung cho cam bién may anh ty dong” da thiét ké mo
hinh nhan dang khudn mat chtra tén cuia nguo1 dung, moé hinh nhan dang nhiing nguoi
khong mang khéu trang hodc c6 mang khdu trang, ngoai ra con c¢6 mé hinh nhén dang
rau cu dé co6 thé tao ra nhitng moén thirc an day du dinh dudng trong mua dich. Cong cu
cling c¢6 nhirng chtrc ning co ban nhu mot tmg dung chup anh ctia mot thiét bi ghi hinh
k¥ thuat s6, may anh k¥ thuat s6 duoc két ndi v6i may vi tinh.

Nghién ctru ndy dd mang dén mot phan mém c6 thé chay trén nhitng mé hinh hoat
dong v6i kinh phi thap ma van c6 thé dat duoc hiéu qua nhu mong doi va co thé hiru
dung trong cudc sdng hién tai trong van phong hay trong ho gia dinh. Cong cu nay dugc
nghién ctru nhu mét thiét bi dinh danh khu6n mat an toan ¢ cira dé c6 thé mé ctra khi
gia chii vé dén nha hay c6 thé tich hop vao nhiing cong nghé méi nhu nha théng minh
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(smart home), khoa ctra thong minh, hé théng diém danh cac nhan vién, hoc sinh, sinh
vién khi dén trudng hay co quan cling nhu phat hién ngudi nao c¢6 deo khau trang hay
khong mang khau trang. Coéng nghé nay ciing c6 thé tich hop vao viéc nhan dang céac
thiét bi rau cu qua, phan loai rau cu qua cho cac mé hinh trang trai, siéu thi hodc hd tro
nau in trong chinh gian bép cuia cac dau bép tai gia. Cong cu c6 thé tich hop thém goi ¥
mon n dé cho ra mot quyén menu biét tudt va co thé ndi duoc cling nhu khong co cam
xuc. Nghién ctru ciing gitp tao ra nhitng tdm hinh xinh xin lam ki niém véi cac bo loc
khac nhau hodc c6 thé trd thanh mot camera giam sat ngay chinh trong cin nha hay bat
clr noi ndo can quan sat.

1.2 Cac nghién ciru lién quan

Mo khoa dién thoai béng khuon méat hay m¢ khoa may tinh ca nhan b@ing khuoén
mit, hay chdm cong bang khudén mat da khong co gi dic biét trong ky nguyén sd ngay
nay.

D3 c6 rat nhidu bai bao lién quan dén nhan dang khudén mit hay phat hién d6i tugng
duoc xuat ban, thé nhung nhitng bai bao lién quan dén viéc phat trién camera trén thiét
bi NVIDIA Jetson Nano thi chi mdi duoc cong bd nhiéu hon trong 2 nim tré lai day.
Pai dich dac biét COVID19 bung phat da tao ra nhiéu co hoi cho gi61 nghién cuu vé
thiét bi nhung, cling nhd didu d6 ma nhitng bai bao phat hanh lién quan cac tri tué nhan
tao ngay cang nhiéu.

Trude khi nghién ctiru duge thyc hién, thi di c6 rat nhiéu nhitng nghién ctru xoay
quanh giai quyét cac van dé tir co ban dén nang cao vé cac chiic ning cia may anh va
tich hop cac Al vao trong xtr Iy anh. Nhiing nghién ctru Al tién dé vé nhan dang nguoi
mang khau trang hay khéng mang khau trang st dung giai thuat YOLO [1], xdy dung
hé théng nhan dang khudn mit véi gia 60$ voi NVIDIA Jetson Nano 2GB vé6i ngon ngi
Python [2] l1am tién dé cho nghién cru bai luan vin nay. Pé luan vin ndy dugc hoan
thanh thi nghién ctru cling da tham khdao cho cac bai bao sau:

e Bai bio v6i nodi dung 1a Danh gia hiéu suit va so sanh phan mém nhan dang
khuon mat, dua trén thu vién Dlib va Opencv dugc cong bd vao nam 2018
cua cac tac gia nhu: Nataliya Boyko, Oleg Basystiuk, Nataliya Shakhovska
[3].

e Bai b4o v6i ndi dung 13 Phén tich video thoi gian thyc dé phat hién ddi twong
va nhan dang khuon mat sit dung hoc sau dugc cong bd vao nam 2019 cua
cac tac gid nhu: Shrikant Jagannath Patro, Prof. Nisha V M [4].

e Bai bao voi ndi dung 1a Hi€u qua cua hé théng nhan dang khuon mat véi ky
thuat hoc tap phat hi€én khuén mat nguodi cho sinh vién dugc cong bd vao
nam 2020 cua tac gid Md. Rakibul Hasan [5].
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Bai bao véi ndi dung 1a He théng chim cong va nhan dang khuén mat su
dung thu vién Dlib va face recognition dugc cong bd vao nim 2021 cua tac
gia Shashank Reddy Boyapally [6].

Bai bao v6i ndi dung 1a Thiét ké va trién khai hé thong kiém soét truy cap
cua khach truy cap st dung hoc sau nhan dang khuon mat dugc cong bd vao
nam 2021 cua cac tac gia nhu: Seok-Yeol Heo, Kang Min Kim va Wan-Jik
Lee [7].

Bai bao véi noi dung 1a thuat todn phat hién bién bao giao théng Trung Qudc
theo thoi gian thuc dua trén YOLOvV2 da duoc chinh stra dugc cong bd vao
nam 2017 cua cac tac gia nhu: Jianming Zhang, Manting Huang, Xiaokang
Jin va Xudong Li [8]. Nghién ctru sit dung YOLOV2.

Bai bao v6i ndi dung 1a YOLO-LITE: Thuéat toan phat hién dbi tuong theo
thoi gian thyc duoc t6i wu hoa cho may tinh khong c6 GPU duoc cong bd
vao ndm 2018 cua cac tdc gia nhu: Rachel Huang, Jonathan Pedoeem va
Cuixian Chen [9]. Nghién ctru st dung YOLO-LITE.

Bai bao v6i ndi dung 1a phat trién cac hé théng Al dé dém s6 luong khach
truy cép va kiém tra viéc mang khdu trang bang cac thuat toan hoc sau duoc
cong bd vao nim 2020 cua cac tac gia nhu: ZRIF0, Bt5H, AT,
=ENZ! [10]. Nghién ctru st dung YOLOv4, YOLOv3, YOLO-Tiny.

Bai bao v6i ndi dung 1a thuat toan phat hién deo mat na dua trén YOLO-v4
duoc cai tién duoc cong bd vao nam 2021 cua cac tac gia nhu: Jimin Yu va
Wei Zhang [11]. Nghién ctru st dung YOLOvV4.

Bai bao vd1 ndi dung 1a phat hién 16i hoc sau tai chd trong thot gian thuc dé
kiém tra UAV tu hanh dugc cong b6 vao nam 2021 cia cac tic gia nhu:
Naeem Ayoub va Peter Schneider-Kamp [12]. Nghién ctru sir dung
YOLOVA4.

Bai b4o véi ndi dung 1a SORT-YM: Thuat toan theo doi da dbi tuong voi
YOLOv4-Tiny va dy doan chuyén dong dugc cong bd vao nim 2022 cua cac
tac gia nhu: Han Wu, Chenjie Du, Zhongping Ji, Mingyu Gao va Zhiwei He
[13]. Nghién ctu st dung YOLOv4-Tiny.

Bai bao v6i ndi dung 14 trién khai hé théng do ludng khoang cach xi hoi va
phat hién ngudi theo thoi gian thuc, dya trén Al cho Covid-19 duoc cong bd
vao ndm 2021 cua céc tac gia nhu: Sergio Saponara, Abdussalam Elhanashi
va Alessio Gagliardi [14]. Nghién ctru st dung YOLOV2.

Bai b4o véi ndi dung la sir dung mang hoc sdu YOLOv4 duoc cai tién dé
phat hién chinh xac rudi trang va bo tri trén hinh anh bay dinh dugc cong bd
vao ndm 2021 cua céc tac gia nhu: Dujin Wang, Yizhong Wang, Ming Li,
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Xinting Yang, Jianwei Wu va Wenyong Li [15]. Nghién cuu st dung
YOLOvVA4.

Bai bao v6i ndi dung 13 phat trién mé hinh phat hién ddi trong nén dya trén
YOLOV4 dé trién khai trén nén tang GPU nhiing cua hé thong ty quan 1y
duoc cong bd vao nim 2021 cua cac tac gia nhu: Issac Sim, Ju-Hyung Lim,
Young-Wan Jang, JiHwan You, SeonTaek Oh va Young-Keun Kim [16].
Nghién ctru sir dung YOLOVA4.

Bai bao v6i1 ndi dung 1a ETL-YOLO v4: Mot thuat toan phat hién mat na
trong thoi dai dai dich COVID-19 dugc cong bd vao ndm 2022 cua cac tic
gia nhu: Akhil Kumar, Arvind Kalia va Aayushi Kalia [1]. Nghién ctru su
dung YOLOVA4.

Bai bao v6i nodi dung 13 danh gia hiéu suat khung hoc sau sir dung YOLO
v6i nén tang Nvidia Jetson dugc cong bd vao nam 2022 ctia cic tac gia nhu:
Dong-Jin Shin va Jeong-Joon Kim [17]. Nghién ctru sir dung YOLOVA4.

Bai béo véi ndi dung 1a phan tich diém chuan cua Hiéu suat YOLO trén cac
thiét bi Edge Intelligence.dugc cong bd viao nam 2022 cia cac tac gia nhu:
Haogang Feng, Gaoze Mu, Shida Zhong, Peichang Zhang va Tao Yuan [18].
Nghién cuu stt dung YOLOV3, YOLOvV3-Tiny, YOLOv4, YOLOvV4-Tiny.
Bai bao v6i ndi dung 1a hé théng robot ty dong dua trén nhan dang bang tén
phong sir dung phuong phap YOLOV4 trén Jetson Nano 2GB duoc cong bd
vao ndm 2022 cua cac tac gid nhu: Muhammad Pandu Dwi Cahyo, Fitri
Utaminingrum [19]. Nghién ctru st dung YOLOVA4.

Bai bao voi ndi dung 1a phat trién hé thong phat hién khoang cach xa hoi
theo thoi gian thyc dya trén ché do xem YOLOV4-Tiny va mét chim cho
COVID-19 duge cong bd viao nam 2022 cla cac tac gia nhu: Sergio
Saponara, Abdussalam Elhanashi, Qinghe Zheng [20]. Nghién ctru str dung
YOLOvV4-Tiny.

Bai bao voi ndi dung 1a xay dung hé thdng quan 1y va giam sat dam dong
theo thoi gian thuc dé phan loai khoang cach xa hoi va cham soc ste khoe
bang cach st dung hoc sau duge cong bd vao ndm 2022 clia cac tac gia nhu:
Sangeeta Yadav, Preeti Gulia, Nasib Singh Gill va Jyotir Moy Chatterjee
[21]. Nghién ctru stt dung YOLOVA4.

1.3 So sanh cac nghién ciru

Céc nghién ctru phat hién dbi twong tham khao & trén déu c6 nhitng nghién ciru

thanh cong v€ van de€ toi vu hi€u suat, phat hién cac khuén mat c6 trang bi khau trang

khi ra duong hay cé gitt khoang céch trong dich bénh COVID19 hay khong hodc nhan

dang céc rau cu qua. Tinh dén thoi diém hién tai thi van chua c6 nghién clru nao dung

ung dung cong nghé NVIDIA DeepStream vao nghién ctru. Mat khac, cac nghién ciou
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nhan dang khuén mat trén chi st dung cac thu vién Dlib hay thu vién face recognition
cung voi OpenCV chi véi muc dich nhan dang khuén méat ngudi va dinh danh khudén
mit d6. Van chua c6 nghién ctru nao tdi vu cac khung hinh vé toc do truy xuét cua
nghién ctru nhan dién khudn mat. Va cudi cing 1a dé quy tu lai cac chtrc nang trong mot
mg dung 1 diéu chua c6 nghién ctru nao lam cho dén thoi diém hién tai.
1.4. Muc tiéu nghién ciru dé tai

Vi¢c trang bi céc thiét bi tich hop tri tu¢ nhan tao vao trong co quan, ngdi nha cua
moi ngudi dé tranh nhitng su ¢ nguy co lay lan tir dich bénh va gia ca phai ching la
diéu rat can thiét cho tat ca moi nguoi trong thoi diém dich bénh COVID-19 d3 pha hoai
tat ca cac khai niém vé cudc séng nhu trude ddy. N6 ciing di lam cho cac cong nghé
khong ngimg phat trién dé thay thé dan con ngudi vao nhiing noi nguy hiém ciing nhu
dit tinh mang con ngudi 1én trén. Vi cic ca nhiém ngdy cang ting, nhirng bién ching
COVID-19 ngay cang tinh vi va cu6p di rat nhiéu sinh mang cta con ngudi do nhiéu
nguyén nhan khac nhau.

Nghién ctru hudng t6i viée xdy dung mot cong cu diéu khién may anh véi phan cing
duoc xdy dung trén mot thiét bi nhé gon va duoc viét voi ngdn ngit ma ngudn mé. Qua
d6, cung cip cho moi ngudi mot phan mém hoan toan mién phi véi nhiéu chirc ning cao
cap, co thé nang cip hodc thém cac chirc ning mong mudn vao phan mém hay cé thé
thuong mai hoa san phém. Bén canh do, phén mém co st dung cac thuat toan, mé hinh
may hoc dé ung dung vao thuc té cudc séng nhu:

Phét hién phat hién nguoi c6 mang khau trang hay khong mang khau trang va phat
ra canh béo bang nhém cac md hinh vé YOLO ¢ thoi gian thuc thay vi str dung cic mo
hinh R-CNN (nhu R-CNN, Fast R-CNN, Faster-RCNN hay Mask R-CNN).

Nhan dang, phan loai cac loai rau cti qua cho dau bép Al st dung . Dau bép Al s&
quét cac rau cu qua trong nha va goi ¥ cac moén an dinh dudng thuan chay.

Cong cu diém danh cho hoc sinh, sinh vién hay hé thong cham cong cho cong nhan
vién hodc nhirng hé thdng cira thong minh tr dong mé cho nhitng nong trai, trang trai
st dung thu vién face recognition va thu vién Dlib thay vi mé hinh MTCNN.

Giai ma ma QR, tang toc do khung hinh cho camera hay chup anh, quay video véi
mot vai bd loc mau sic b@ing usb camera Logitech C922 trén phén cung thiét bi NVIDIA
Jetson Nano. Nghién ctru tao ra chuong trinh c6 thé chay trén nhiéu nén tang khac nhau.
1.5 Pdi twong nghién ciru va pham vi nghién ciru

Nghién ctru sir dung cac tap dir licu:
e Phat hién d6i twong duoc chia dit liéu ngau nhién ra hai phﬁn 13 hudn luyén
(training) va kiém thir (testing) nhu sau:
o Tap dir liu ngudi mang khau trang hay khong mang khau trang: sir dung
tap dir lietu MAFA va Wider Face [22], chirta 7971 anh v6i hai nhan la
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nguoi c6 mang va khong mang khau trang. Tap dit liéu duoc gan nhén véi
dinh dang Pascal VOC xml.

o Tap dit li€u rau ci qua voi khoang 693 anh, chira 7 loai rau cu qua khac
nhau va st dung 50% tap dir li¢u trén internet [23] va 50% tap dir li¢u
duoc tao ra trong nghién ctru. Tap dir liéu dugc gan nhan véi dinh dang
YOLO txt

Nhan dang khuon mat: véi tap dir liéu khoang 180 anh chira 6 méat ngudi khac

nhau va 100% tap dir liéu duoc tao ra trong nghién ctru. Dt li¢u chura hinh

anh mdi ngudi nén co it nhat tir 10 dén 20 hinh anh chinh dién. Dir liéu nay
khong can gan nhin ma chi can tao mot thu muc dit tén gidng véi tén tuong
ung véi nhan, sau do cho tat ca hinh anh cua nguoi dé vao mot thu muc.

1.6 Phuwong phap nghién ctru

Tim hiéu tai li€u, kién thirc vé cac m6 hinh hoc sau v€ phat hi¢n doi tugng, nhan

dang khuon madt, thu vién quan 1y camera, nhan dang ma vach, phat hi¢én mau sac, tang

tdc do khung hinh, v.v... Ngén ngit l4p trinh st dung 1a Python, giao dién ngudi dung

PyQt.

Huén luyén cac mo hinh, xdy dung, cai dit giai thuat.

Nghién clru nay 4p dung cac mo hinh sau:

Mo hinh thuit toan YOLO [24] va dic biét véi kién trac YOLOV4-Tiny két
hop v6i NVIDIA DeepStream vao bai toan phat hién ddi tuong.

M0 hinh thu vién dlib va thu vién face recognition vao bai toan nhén dang
khuon mat.

Thuc nghiém trén céc tap dir licu.

Kiém tra va danh gia két qua thuc nghiém cua cac mo hinh dé xuat.

1.7 Nhirng déng gop chinh cia dé tai

Dé tai c6 mot s6 di€ém mdai sau day:

Pé xuat ngdn ngit Python trong viéc viét ing dung.

Viét lai phan mém quén 1y cdu hinh cia may anh theo ¥ riéng cia tic gia tir
giao dién dén céc tinh ning tir co ban dén ning cao.

Nghién ctru ciing cung cip cac chirc ning quan Iy camera thong thudng nhu
luu trir hinh anh hay cac doan phim véi cac FPS khac nhau.

Dé xuét nghién ciru ciu hinh thém mat sé tinh ning tich hop cac giai thuat vé
viéc xur 1y cac chimg ning lién quan dén AI, ML, DL nhu YOLOV4 [25],
DIib [26], face recognition [27], OpenCV dé phat hién ddi twong hay nhan
dang khudn mit, phat hién mau sic, quét mi QR code hang loat.

Cong cu diéu khién may anh hiéu qua hon, c6 thé dé dang thay d6i may anh
khac nhau méa khong can phai thay doi cau hinh phan mém qua nhiéu.
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e Khoi diu cua quy trinh lam mot may anh duogc t6i wu dua trén pham mém ma
ngudn méi voi gidy phép mé.

e Cung cép mot cai nhin khac vé viéc xir ly tin hiéu tai chd véi thoi gian thyc
ma khong can phai tén bo nhd dé luu trir hay quan tim dén do tré khi xir ly
tin hiéu tai chd.

e Giai quyét dugc bai toan giam tai lwu trit va giam thoi gian hoi dap, giai quyét
duoc gia thanh ciing nhu tde do xtr Iy & thoi gian thuce, ¢6 thé cam vao (plug-
in) hay rut ra (plug-out) cac camera dé c6 thé mang dén hiéu suat cao nhat va
hiéu qua nhit.

e Nhiing dong gop cia ma ngudn phan mém hay tai liéu da tham khao qua déu
dugc tai lén ¢ trang: https://github.com/cobaohieu/thesis/.

1.8 B6 cuc quyén luén viin
Luéan van c6 5 chuong:

Chuong 1: Gidi thi¢u.

Chuong 2: Co so 1y thuyét

Chuong 3: Phuong phéap nghién ctru.

Chuong 4: Két qua thuc nghiém va danh gia.

Chuong 5: Két luan va hudng phat trién.
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CHUONG 2. COSO LY THUYET

2.1 Mt s6 khai niém

2.1.1 Tri tu¢ nhan tao (Artificial Intelligent - AI)

ARTI._FICI;A_L

MACHINE
LEARNING
e DEEP

LEARNING
A A
DA

| | | | | | I I

1950's 1960°s 1970's 1980's 1990's 2000's 2010's

Hinh 2.1: Mbi quan h¢ cua tri tu¢ nhan tao vdi may hoc va hoc sau [28].
Tri tu¢ nhan tao (Artificial Intelligent) 1a mot nganh thudc linh vuc khoa

hoc may tinh.

Tri tu€ nhan tao 1a tri tu¢ do con ngudi 1ap trinh tao ra vo1 muc dich giup

may tinh c6 thé tu dong héa cac hanh vi thong minh nhu con ngudi. Tri tué nhan

tao khac v&i vige 1ap trinh logic trong cac ngdn ngir 1ap trinh 1a viéc ing dung

cac hé thong may hoc d€ mo phong tri tué¢ cia con nguoi trong cac xtr Iy ma con

nguoi lam t6t hon may tinh. Cu thé, tri tué nhén tao gitp may tinh c6 dugc nhitng

tri tu¢ ciia con ngudi nhu: bi€t suy nghi va 1ap luan dé giai quyét van de, bict giao

tiép do hiéu dugc cac ngdn ngit, tiéng noi, biét hoc va ty thich nghi.
Sau day 1a mot vai tmg dung k¥ thuat hién hanh dang phat trién nhanh

chong cua tri tu€ nhan tao:

Nhéan dang, phan loai, ge"ln thé hinh anh tinh.

Cai thién hiéu sut chién lugc thuong mai theo thuat toan.

Quy trinh xtr Iy dir 1iéu bénh nhan hiéu qua va c6 kha ndng nhan
rong.

Dy tinh thoi diém béo tri.

Phat hién va phan loai vat thé.

Phén bd ndi dung trén cac phuong tién truyén thong xa hoi.

Béo v¢ khdi nhiing mbi de doa an ninh mang.
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2.1.2. Hoc may hoiac may hoc (Machine Learning)

Machine Learning
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Hinh 2.2: Ng6i nha voi may nha 1a may hoc [29].

2.1.2.1 Dinh nghia

Hoc may hodc may hoc (Machine Learning) ndi 1én nhu mot bang
chtng ctia cudc cach mang cong nghiép lan tht 4 (véi cac cude cach mang lan
luot nhu thtr 1 - dong co hoi nudc, thir 2 - nang luong dién, thir 3 - cong nghé
thong tin). Tri Tué¢ Nhan Tao dang len 16i vao moi linh vuc trong doi séng
hang ngay. Xe tu hanh ctia Google va Tesla, hé thong tu tag khuén mit trong
anh cua Facebook, tro 1y 4o Siri ctia Apple, hé théng goi ¥ san pham cua
Amazon, hé théng goi ¥ phim cua Netflix, may choi c& viy AlphaGo cia
Google DeepMind, v.v..., chi la mot vai trong vo van nhitng trng dung cua tri

tu¢ nhan tao/hoc may.

2.1.2.2 Cac phwong phap hoc may

Hoc may 1a mét tap con cua tri tu€¢ nhan tao va co nhiéu loai: hoc ¢6
giam sat (Supervised Learning), hoc khong giam sat (Unsupervised Learning),
hoc ban giam sat (Semi-Supervised Learning), hoc cing cb (Reinforcement
Learning).

Hoc c6 giam sat (Supervised Learning) 14 thuat toan du doan dau ra
(outcome) ctia mot dir liéu mdéi (new input) dya trén cac cdp (input, outcome)
d3 biét tir trude. Cap dit liéu nay con duge goi 1a dir liéu (data) va nhan (label).

Hoc c6 giam sat 1a nhém pho bién nhat trong cac thuat toan hoc may.

2.1.3 Hoc sau (Deep Learning)

C) Bao Hiéu - M3718007 | 2022 9



Dé tai: ) Giang vién huéng dan
Xay dung cong cu phat trién ung dung cho cam bién may anh ty dong TS. Lam Hoai Bao
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Hinh 2.3: Lich st phat trién ctia mang hoc sau [30].

Nhitng nim gan day, khi ma kha ning tinh todn clia cic may tinh dugc
nang 1én mot tam cao méi va luong dit liéu khong 16 duoc thu thip béi cac hing
cong nghé 16n, hoc may da tién thém mot bude dai va mét linh vuc méi dugce ra
doi goi 1a hoc sau (Deep Learning).

Hoc sdu d3 giup may tinh thuc thi nhitng viéc tuong chirng nhu khong thé
vao 10 ndm trudc: phan loai ca ngan vat thé khac nhau trong céac birc anh, tu tao
chu thich cho anh, bt chuée giong néi va chir viét cua con ngudi, giao tiép véi
con ngudi, hay tham chi ca sang tic vin hay 4m nhac va nhiéu diéu khong thé
tuong khac.

2.1.4 Thi giac may tinh (Computer Vision)

Thi gidc may tinh 1 mot linh viuc gdm nhiéu phuong phap nhu thu nhan anh,
xtr Iy anh k¥ thuét sd, phan tich va nhan dang cac hinh anh. N6i chung thi gidc may
tinh 14 nhan vao dit liéu da chiéu tir thé gidi thuc sau d6 xir Iy dé cho ra cac thong
tin s6 hodc cac biéu twong. Viéc phét trién linh vuc nay bat ngudn tir viée sao chép
cac kha ning thi giac con ngudi vé sy nhan dang va hiéu biét mot hinh anh mang
tinh dién tr. Viéc nhan dang hinh anh co6 thé xem nhu viéc giai quyét van dé cta
cac biéu tuong hay thong tin tir dit liéu hinh anh qua cach dung cac mé hinh duoc
xay dung véi su gitp d& ctia cac nganh 1y thuyét hoc, théng ké hoc, vat 1y hoc va
hinh hoc. Thi gidc may tinh con dugc mo ta 1a su téng thé ctia mot dai cac qua trinh
tu dong va tich hop cac phuong thirc thé hién cho cac nhan thirc cua thi giac.

Thi gidc may tinh 13 m6t mon hoc khoa hoc lién quan dén 1y thuyét véi cac
hau dué la cac hé théng nhan tao ¢6 trich xuat cac thong tin tir nhitng hinh anh. D
liéu hinh anh c6 thé nhiéu dang nhu: anh chup (anh 2 chiéu), chudi video, cac canh
tir nhiéu camera, hay dit liéu da chiéu tir may quét y hoc (anh 3 chiéu), v.v...

Céc linh vuc con cua thi gidc may tinh gém: tai cAu trac canh, do tim su kién,
theo doi video, nhan dang bd cuc dbi tuong, hoc, chi muc, danh gia chuyén dong,
phuc hdi anh, v.v...
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2.1.5 Anh ki thuit s6 (Digital image)

Anh ki thuat s6 (digital image) 12 anh tinh. Anh ki thuat sé 1a mot dang biéu
dién cta anh ¢ dang ma tran sb hai chiéu f(x, y). Ty vao d6 phan giai cua anh c6

¢ dinh hay khong, anh ki thuat sb duoc chia ra lam hai loai 1 anh véc to (do phan

giai khong cb dinh) va anh raster (hay con goi la bitmapped, d6 phan giai c¢6 dinh).
Thuat ngit anh ki thuat s thuong dugc dung dé néi dén anh raster.

Céc dinh dang phd bién cta anh ki thuat s bao gom:

e Anh nhj phan: 1-bit/pixel.

1 1 0 0 0O

0O 01 0 0O

0O 01 0 0O

O 001 OO

0O 001 1 O

0O 0O 0O 0O 01

Hinh 2.4: M6t hinh anh nhi phan [31].
e Anh xam: 8-bit/pixel.

230 229 232 234 235 232 148
237 236 236 234 233 234 152
255 255 255 251 230 236 161
99 90 67 37 94 247 130
222 152 255 129 129 246 132
154 199 255 150 189 241 147
216 132 162 163 170 239 122

Hinh 2.5: Mot hinh anh xam.
e Anh mau: 16-bit/pixel hay 24-bit/pixel.
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49 55 56 57 52 53 64 76 82 79 78 78 66 80 77 80 87 77
58 60 60 58 55 57 93 93 91 91 86 86 81 93 96 99 86 85
58 58 54 53 55 56 88 82 88 90 88 89 83 83 91 94 92 88
83 78 72 69 68 69 125 119 113 108 111 110 135 128 126 112 107 106
88 91 91 84 83 82 137 136 132 128 126 120 141 129 129 117 115 101

69 76 83 78 76 75| |105 108 114 114 N8 113 95 99 109 108 112 109
61 69 73 78 76 76 96 103 112 108 111 107 84 93107 101 105 102
Do - Red Xanh la - Green Xanh duong - Blue

Hinh 2.6: M6t hinh anh mau thuc su.

2.1.5.1 Diém anh (Pixel)

Trong anh ki thuat sd, mot diém anh (pixel) 1a phan tr nho nhét cia
anh. Mdi mot diém anh 1a mot mau (sample) ciia anh. Cang nhiéu diém anh,
anh ki thuat s6 cang biéu dién chinh x4c hon vé ndi dung cta anh gbc. Pic
trung cia mot diém anh gdém hai thanh phan: toa do (x,y) va cudong do sang
(intensity).

Hinh 2.7: Minh hoa vé cac diém anh riéng 1¢ duoc hién thi dudi dang hinh vudng
nho khi phong to mot hinh anh raster trén may tinh [32].

2.1.5.2 Anh mau

Pé biéu dién hinh anh mau trong khong gian mau RGB, ba ma tran
mirc xam 256, twong tng 1an luot v6i ba mau sic duoc st dung nhuw mau do
(Red - R), xanh 14 (Green - G), xanh duong (Blue - B). Mau sic ctia mot diém
anh duoc quyét dinh bai gia tri cuong do (intensity) tai ba ma trin mau ciing
toa do.
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Pé biéu dién cho mot diém anh mau can 24-bit. 24-bit nay duoc chia
thanh ba khoang 8-bit. M&i mau ciing phan thanh L cAp mau khac nhau
(thudong L=28=256). Mdi khoang nay biéu dién cho cudng do sang cua mot
trong cac mau chinh.

Vi thé, dé luu trit hinh anh mau ngudi ta ¢6 thé luu trir tng mau riéng
biét, mdi mau luu trit nhu mot hinh anh da cip xam. Do d6, khong gian nhd
danh cho mot anh mau 16n gip 3 1an mot anh da cap xam cung kich c.

Trong thu vién OpenCV anh mau dugc biéu dién ¢ khong gian mau
BGR xanh duong (Blue - B), xanh 1a (Green - G) va do (Red - R).

Blue matrix Green matrix Red matrix

|255 | 255 [ 255 | 255 | 255 [ 255 | 255 | 55 |

o Jo
[0
1 |0
o |
N R
o |0
1 [0
a o

BEEEEEEE

Resultant Image

Hinh 2.8: M6t hinh anh mau duogc biéu dién véi ba ma trin mau BGR trong
OpenCV [33].

2.1.5.3 Anh x4m

Anh x4m hay anh den tring 14 hinh anh chi bao gém 2 mau: mau den
va mau tring. Nguoi ta phan mirc den tring d6 thanh L mirc. Néu str dung sd
bit B=8 bit d¢ ma héa murc den trang (hay muc xam) thi L duoc xac dinh:

L=28B 2.1

Néu L=2, B=1, nghia 14 chi c6 hai mc: mac 0 va muc 1. Anh xa4m
con duoc goi 1a anh nhi phan. Muc 1 ing v61 mau sdng, con mac 0 ing voi
mau t6i. Néu L>2 ta ¢6 anh da cip xam.

Véi anh nhj phan, moi diém anh dugc ma hoa trén 1-bit, con véi anh
256 mirc, mdi diém anh dwgc ma hoa trén 8-bit. Nhu vay, voi anh den tring:
néu dung 8-bit (1 byte) dé biéu dién mirc xam thi s6 cac mirc xam co thé biéu
dién dugc 1a 256-bit. Mdi mire xam dugc biéu dién dudi dang 1a mot s6 nguyén
nam trong khoang tir 0 dén 255, véi muc 0 biéu dién cho mic cuong do den
nhat va 255 biéu dién cho mirc cudng do sang nhat.
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Anh nhj phan kha don gian, cic phan tir anh c6 thé coi nhu cac phan
tir logic. Ung dung chinh ctia n6 duoc dung theo tinh logic dé phan biét ddi
tuong anh véi nén hay dé phan biét diém bién v6i diém khac.
2.1.5.4 Thang do mirc xam hay mirc xam cuiia dnh (Grayscale)

Mirc xam cia anh (greyscale) 1a mot trong nhimng gia tri s6 cua diém
anh biéu dién mic do anh sang (light intensity) tai diém anh day. Thong
thuong, trong xir 1y anh hién tai, mirc xam hay st dung nhat 1a mic 256 (mirc
xam c6 gia tri tir 0 dén 255).

2.1.5.5 H¢ toa d0 mau, mo hinh mau hay khong gian mau RGB (Red
Green Blue)

m(1,1,1) trang (white)

I (1,1,0) vang (yellow)

Hinh 2.9: H¢ toa d6 mau RGB tuong tng v6i hé toa do x-y-z.

T6 chie qudc té vé chuan hoa mau CIE (Commission Internationale
d’Eclairage) dua ra mot s6 chuin dé biéu didn mau. Cac hé nay c6 cic chuin
riéng. Hé chuan mau CIE-RGB dung 3 mau co ban do (Red - R), xanh 14 (Green
— G), xanh duong (Blue — B) va dugc ky hiéu 1a RGBCIE dé phan biét véi cac
chuan khac.

M6t mau sic trong hé toa d0 mau la td hop cia cac mau co ban theo mot
ty 1€ ndo do6 dugc tinh theo cong thirc sau:

Py=[red, green, blue]” (2.2)
e Trong do:
o Px: mdi diém anh mau.
o T: chuyén vi.

Red, Green, Blue tai ba tryc nhan gia trj [0 255]. M6 hinh RGB ¢6 thé
biéu dién hon 16 triéu mau. Trong do co gia tri 1a R (255, 0, 0), G c6 gia tri 1a (0,
255, 0) va B co gia tri 1a (0, 0, 255).
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2.1.5.6 H¢ toa d0 mau, mo hinh mau hay khéng gian mau HSV (Hue
Saturation Value)

HSL HSV

Saturation Saturation

[oY)

Lightness
—
—>

Value

)Hue )Hue

= ;T
i)
m
=y

SHSV 1

120° {240

‘L‘/z 'H 0°/180° gV‘/z 'HO/180

120 1 120°
‘\H '\H -
0°

240° 1
i O st ! O Susv

Hinh 2.10: Hé toa d6 mau HSL, HSV cac mau sic duoc biéu dién nguoc chiéu
kim ddng ho [34].

M6 hinh mau HSV nhu mét tiéu chuin biéu thi mau trén Internet co
ngudn gdc tir cac tiéu chuan cho ti vi mau ndm 1952 ctia RCA va viée sir dung
tiéu chuin RGB bdi Edwin Land trong cic camera Land/Polaroid.

H¢ toa d0 mau HSV ciing tuong tu nhu th¢ toa do0 HSL. H¢ toa d0 mau
HSV c6 3 yéu t6 1a mau séc (hue), d6 bao hoa hay do dam dac (saturation) va
gia tri cuong do sang (value). PO bdo hoa chi ra sic d6 mau (cudng d6 mau)
chi d0 dam nhat cia mau, con do sang s€ chi ra do sang do sang tdi.

H¢ toa d0 nay thuong duogc biéu dién dudi dang hinh try hay hinh noén.
Cac mau nay s& dugc biéu dién theo cac vong tron ngugc chiéu kim dong ho.
Vong tron tir 0-360 do 13 trudng biéu dién cho mau sic (hue). Truong ndy bat
dau voi mau d6 (red primary), sau d6 1a dén mau xanh 14 dau tién (green
primary) ndm trong viing mau tir 0-120 do, tir 120-240 d6 1a mau xanh 14 dén
xanh duong (green primary — blue primary). Dai tir 240 — 360 1a tor mau den
dén mau do.
2.1.5.7 Chuyén dbi h¢ tga d6 mau BGR thanh Gray

Cac chuyén doi trong khong gian mau BGR thanh mutc xam
(grayscale) hodc nguoc lai bang cach thém hay x6a kénh alpha, dao nguoc thir
tu kénh, chuyén doi sang mau BGR 16-bit (B5: G6: R5 hoic B5: G5: R5) bang
cach su dung:

BGR [A] dén Gray:Y«—0.114-B+0.587-G+0.299-R (2.3)
hodc
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Gray dén BGR [A]:B—Y,G—Y,R—Y,A—max(ChannelRange) (2.4)
2.1.5.8 Chuyén ddi hé toa do mau BGR thanh HSV

Polar-Codrdinate
it cube Representations
eame of the RGB Color

PR \; Space

HSV ~—

“Hexcone”
Hue Model
Model HSL
“Double Hexcone”

. Model
rertical cross-sections

Luma/Chroma/

Hinh 2.11: Chuyén di hé toa d6 mau tir RGB thanh HSV [34].
Trong truong hop hinh anh 14 8-bit va 16-bit thi B, G va R duoc chuyén
d6i sang dinh dang diu phay dong va dugc chia ty 1& dé phu hop v6i pham vi

0 dén 1.
V <« max(B,G,R) (2.5)
V —min(B, G, R)
S « v (2.6)
0

e V6i diéu kién V#0, néu khong thi:
60(G — R) /(V —min(B, G, R))
H <120+ 60(R—B)/(V —min(B,G,R)) (2.7)
240+ 60(B - G)/(V —min(B, G, R))
e Néu H <0 thi H—H + 360. Thi ddurasd1a0<V<1,0<S
<1, 0 < H <360.
Sau d6, céac gia tri dugc chuyén ddi thanh kiéu dit lidu twong Gmg:
e Hinh anh 8-bit: V«— 255V, S« 2558, H— H/2 (dé phu hop
tir 0 dén 255).
e Hinh anh 16-bit: V«—65535V, S«65535S, H—H.
e Hinh anh 32-bit: H, S va V dugc gitr nguyén.
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2.1.6 Téc dd khung hinh (frame per second — FPS)

Téc do khung hinh (frames per second hoic fps) 14 tan s (téc do) ma hinh
anh (khung hinh) hoic ty suat khung hinh (frame rate) lién tiép duoc chup hoic hién
thi trén man hinh mdi gidy. Toc d6 khung hinh ciing c¢6 thé duoc goi 1a tan sb khung
hinh (frame frequency) va dugc biéu thi bang Hertz (Hz). Téc d khung hinh trong
thong s6 k¥ thuat ciia may anh dién tir c6 thé dé cap dén ty 1¢ toi da co thé, trong
do, trén thyc té, cac cai dat khac (chang han nhu thoi gian phoi sang) c6 thé giam

tan s6 xuéng mot con sb thap hon.
Mot sb chi sb fps phd bién nhu: 24fps, 30fps, 60fps, 120£fps, 240fps, v.v...

W B o0

NVIDIA.

Hinh 2.12: So sanh tbc d6 khung hinh khéac nhau [35].

2.1.7 D¢ phan gidi (resolution)

Do phén giai (resolution) cta anh 1a thudc do cua chi tiét 1d rang nho nhat
trong anh, mat do diém anh duoc 4n dinh trén mot anh sé duge hién thi (dpi). Bo
phan giai cang cao thi hinh anh cang nhiéu chi tiét.

Theo dinh nghia, khoang cach giita cac diém anh phai duoc chon sao cho
méat nguoi van thfiy dugc su lién tuc cua anh. Viéc lya chon khoang céach thich hop
tao nén mgt mat d¢ phan bd, d6 chinh 1a d6 phan giai va dugc phan bd theo truc x
va y trong khong gian hai chiéu, v.v...

Do phan giai 1a yéu t6 phu thudc vao kha ning ciia may anh, phy thudc cam
bién anh (digital sensor).

D6 phan giai thé hién kha ning cam bién cua may anh, tich bach cac phan

tor gan nhau vé khong gian cua cdac chi tiét.

do phan gidi cao dé phan gidi thap
Hinh 2.13: So sanh giita 6 phan giai cao va d¢ phan giai thap [36].
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2.1.8 Video

Video hoic video clip 1a mdt chudi cac khung hinh (frame) anh c6 quan hé
thoi gian gitta cac khung hinh biéu dién anh dong. Video co thé duoc ghi lai, sao
chép, phat lai hay phat song truc tiép trén cac phuong tién truyén thong, v.v...

@ PAL or PAL/SECAM i

T O no info b o

Hinh 2.14: Céac tdc do khung hinh dugc tiéu chuin hoa boi Hi¢p hdi céc nha bién tap
phim dién anh va truyén hinh (SMPTE) ph6 bién trén thé gidi [37].
MOt vai tan sé va d6 phan giai phd bién:
e NTSC (phd bién ¢ nuéc M§ va Nhat Ban): 525 dong (lines), 60 khung
hinh/gidy (frame per second).
e PAL (phd bién ¢ nuéc cac Chau Au): 625 dong, 50 khung hinh/giay.
e SECAM (phd bién & nude Phap): 625 dong, 50 khung hinh/giay.
e Phim: 24 khung hinh/giay.
e HDTYV: vdi ti 1€ khung hinh 16:9, 720 dong, 60 khung hinh/giay.
e SVGA: v6i do phan giai 1024x720, 72 khung hinh/giay.
2.1.9 Ma phan héi nhanh (Quick Response Code — QR Code)

Ma QR la mét ma vach ma tran (hay ma vach hai chiéu) duoc phat trién boi
cong ty Denso Wave (Nhat Ban) vao nam 1994. Muc dich chinh 1a theo doi xe cd
trong qua trinh san xuat. N6 duoc thiét ké dé cho phép quét cac bd phan véi toe do
cao.

Tiéu chuan Nhat Ban cho cac ma QR, JIS X 0510, duoc cong bd vao thang
1 ndm 1999, va Tiéu chuan Quéc té ISO twong tGng, ISO/IEC18004, dugc chap
thuén vao thang 6 nam 2000.

2.1.10 Gi6i thiéu vé nhin dang khudn mit
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CAPTURE

EXTRACTION COMPARISON

MATCHING

Hinh 2.15: M6 ta cac dinh danh khuén mat [38].
Nhén dang khuén mit (face recognition) 14 trich xuét cac thanh phan sinh

hoc trén khuon mat. Cac thanh phﬁn sinh hoc nay 1a cac dac diém trén khudn mat

khac nhau & mdi ngudi. Co nhiéu phuong phap khac nhau trich xuat su két hop

khac nhau cia céc tinh ning, thuong duoc goi 13 diém nat. Khong c6 hai nguoi

nao co thé co tat ca cac diém nut giong nhau ngoai trir cac cdp song sinh giong

hét nhau.

Face recognition technology

Peaks and valleys create measurable landmarks in each face known as

nodal points. Each person’s face has about 80 nodal points which,

when measured by facial recognition software, create a faceprint based

on a numeric code representing a face in a database. Some features
measured by the software are:

Depth of the ”

A
eyesockets ——— % I . I Distance between
.....

the eyes
\ /.." I""l"-l‘— Width of the nose
Shape of - —

the cheekbunea—a-:

\.u

-
3

o

‘,-‘ Length of
o the jawline
o+

0
I.u-"

Hinh 2.16: M6 ta vé nhan dang trén khuon mat [38].
Mot sb phuong phap nhan dang khuon mit:

e Phuong phap nhan dang 2 chiéu (2D) hay con goi 13 phuong phap

nhan dang truyén thong. Phuong phap nay xac thuc khudén mat

bang cach trich xuat ra mot diém mdc hay c¢ot mde (landmark) cho

khuon mat. Cac cdt moc nhu la mot ban d6 xac dinh cac vi tri co

dinh trén khuén mat cia mdt nguoi nhu mat, miii, mi¢ng, 16ng may,

rau, v.v... Phuong phdp xéac dinh cac cdt moc trén khuon mat da

loai bo nhiing phan thong tin khong can thiét va giir lai nhiing thong

tin chinh. Khi d6 moi khuon mat s€ duoc nén thanh mot véc to n

chiéu. Théng thuong 13 68 chiéu. Phuong phap ndy ap dung cic
thuat toan nhu SVM, KNN, Naive Bayes, Random Forest, Multi-
layer Perceptron (MLP), ... dé phan loai khu6én mit cho mot ngudi.
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Hinh 2.17: Cac diém anh trén khudn mat véi
phuong phap nhan dang 2 chiéu [39].

= >
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. [ ’
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| %9 . ‘ P 4
{a) Input video (b) Landmark  (c) Camera estimation  (d) Dense 3D shape (e) Sampling of 3D shape on face

wmien.  iewatnn g e
Hinh 2.18: M6 ta vé phuong phap nhan dang 3 chiéu trén khudn mit [40].
e Phuong phép nhan dang 3 chiéu (3D) sé sir dung khong gian 3
chiéu dé biéu dién khudén mat dé xac dinh cac dic trung khac nhau
trén bé mit khudn mit nhu cac duong vién (contour) ctia mét, miii,
cam. Loi thé cia phuong phap nay 1a khéng bi anh hudng boi
nhirng thay d6i vé anh sang nhu cac phuong phap 2D vi thé dit liéu
dd chinh xac cua nhan dang khuén mat nay dugc cai thi€n dang Kké.
Pé tao ra mot anh 3D, mdt cum ba camera dugc ap dung. Moi
camera s& hudng vao mot goc khac nhau. Tat ca cac camera nay
phéi hop cing nhau trong viéc theo ddi khudn mit cia mot ngudi
trong thoi gian thuc va c6 thé nhan dang ching. Nhan dang khuon
mat trén di¢n thoai iPhone 1a nhan dang khuén mat 3D. Va can
phai s€ phai quay tron khuén mat cua nguoi dung khi xac thuc nd
dé thuat toan hoc chup lai hinh anh céc gbc d6 khac nhau.
e Cic phuong phap nhan dang khac: nhan dang cam bién da va
phuong phéap két hop. Phuong phéap két hop c6 thé sir dung nhiéu
thong tin dong thoi tir phuwong phap cot mdc trén khudn mit, nhan
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dang 3D, nhan dang cam bién da trong cac truong hop khudén mat
6 cac biéu cam khac nhau.

2.2 Mang no ron tich chip (Convolutional Neural Network — CNN hay CNNs)
2.2.1 Gi6i thiéu vé mang no ron tich chap

Mang tich chap neuron hay con duoc biét dén vai tén CNN hay CNNG, 1a mot
kién trac mang no ron hoc sau.

CNN vdi lich str ra doi kha 1au. Kién trac dau tién hay kién trac gbc ctia mo
hinh CNN duogc gidi thi¢u boi mdt nha khoa hoc may tinh ngudi Nhat vao nam
1980 [41]. Khong lau sau d6 vao nim 1998, Yan LeCun 1an ddu huan luyén mo
hinh CNN véi thuat toan lan truyén nguoc (back-propagation) cho bai toan nhin
dang chit viét tay [42]. Tuy nhién, mai dén ndm 2012, khi mot nha khoa hoc may
tinh nguoi Ukraine Alex Krizhevsky (d€ cua Geoffrey Hinton) xay dung mo hinh
CNN (AlexNet) va str dung GPU dé ting téc qua trinh huan luyén deep nets dé dat
duoc top 1 trong cudc thi Computer Vision thuong nién ImageNet voi d6 16i phan
16p top 5, giam hon 10% so véi nhitng mé hinh truyén thong trude do, di tao nén
lan song manh mé& str dung deep CNN véi su hd tro cia GPU. Ciing nho ¢6 GPU
ma céc bai toan da duoc giai quyét ngay cang nhiéu van dé trong thi gidc may tinh.

CNN la mot dang mang neural dugc cAu thanh boi cac tﬁng sau:

Conv + Conv + Conv + Conv +

Maxpool Maxpool Maxpool Maxpool HC HC. "COutpur

T4m anh dau vao Tich chap Pooling K&t néi ddy du
Hinh 2.19: Kién trac ctia mang CNN [43].
2.2.2 Lép tich chap (Convolution hay CONV)
Lop tich chap con c6 2 khai niém khéac voi tén goi 1a Convolution Filter va
Convolutional Layer.
Trong mang no ron théng thudng, tir dau vao qua cac 16n an (hidden layer)
rdi ra duoc ting dau ra. Nang cp hon véi 16p tich chap, CONV sir dung cac bo loc
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dé thuc hién phép tich chap khi dua chiing di qua dau vao II theo cac chiéu cta né.
Céc siéu tham sd cua cac bd loc nay bao gém kich thudc bo loc FF va do truot
(stride) SS. Két qua tAng dau ra OO duogc goi 1a ban do kich hoat (activation map)
hay ban dd dic trung (feature map). Mdi ban dd dic trung hay ban d6 kich hoat
nay 1a mot ban quét (scan) ciia ting dau vao ban dau, nhung dugc trich xuat ra cac
dic trung (feature) cu thé. Quét nhu thé nao thi lai dwa vao Convolution Filter hay
kernel.

Hinh 2.20: Cac 16p tich chap khi trich xuat dic trung [43].
Luu ¥: Budc tich chap ciing ¢ thé duoc khai quat hoa ca véi truong hop mot
chiéu (1D) va ba chiéu (3D).
2.2.2.1. Stride and Padding
Stride 1a khoang cach gitra 2 kernel khi quét. Vi stride = 1, kernel s¢€
quét 2 6 ngay canh nhau, nhung véi stride = 2, kernel s& quét 6 s6 1 va 6 s6 3.
B0 qua 6 ¢ giita. Diéu nay nham tranh viéc lip lai gia tri & cac 6 bi quét.
Stride va kich thudc (size) cua kernel cang 16n thi kich thudc (size)
ctia ban d6 dic trung cang nho, 1y do d6 1a boi kernel phai ndm hoan toan trong
dau vao. Co mot cach dé giit nguyén kich c& cua ban do dic trung so véi ban
dau, d6 duoc goi la padding. Khi diéu chinh padding = 1, tirc 1a thém 1 6 boc
xung quanh cic canh ctia ddu vao, mudn phan boc nay cang day thi can phai

el L dREEREEN
nt "“”“‘u'n'j YV A
R TNIAS R I 0N
BEL . AR
0 e ol NN o e e
o e ol I D
EESEEEBREEDS

Hinh 2.21: Cac cira sb truot khi quét qua kernel [44].

2.2.2.2. L6p tong hop (Pooling layer - POOL)
Lé&p tong hop 1a mot phép giam tan s mau (downsampling) hay lam

tdng padding lén.

.
[ _
\
k

giam s siéu tham sd (hyperparameter) can phai tinh toan, tir d6 giam dugc
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thoi gian tinh toan, tranh qua khép (overfitting), thuong duoc sir dung sau tang
tich chap qua d6 giup ting tinh bat bién khong gian.

Cu thé, thi max pooling va average pooling 14 nhiing dang tonge hop
dic biét, ma tuong tng 1a trong d6 gia tri 16n nhat va gia tri trung binh dugc
lay ra.

Bang 2.1: So sénh giita max pooling va average pooling.

Kiéu Max pooling Average pooling

Ting phép tong hop chon
Chirc  gia trj 16n nhét trong khu
ning  vuc ma no6 dang dugc ap
dung.

Ting phép tong hop tinh trung
binh cac gié tri trong khu vuc
ma n6 dang duoc 4p dung.

max

- Et EAE
]

* Bdo toan céc dac trung da « Giam kich thude ban dd dic
Nhian  phat hién. trung.
xét * Bugc st dung thuong * PDugc st dung trong mang
xuyen. LeNet.

2.2.2.3. Lép két ndi day da (Fully Connected - FC)

Lé6p két ndi day du (FC) nhan tang dau vao 1a cac dit liéu dd duoc lam
phang, ma mdi tang dau vao d6 dugc két ndi dén tat ca no ron. Trong md hinh
mang CNNs, cac tang két ndi day du thuong dugc tim thdy ¢ cudi mang va
dugc dung dé tbi vu hda muc tiéu cua mang. Vi dy, nhu d6 chinh xéc cua 16p.

Thuong thi sau cac 16p Conv va Pooling s€ 1a hai 16p FC, mot 16p
(layer) dé tap hop cac 16p dic trung (feature layer) da tim ra, chuyén doi dix
liéu tr 3D, hodc 2D thanh 1D, tirc chi con 1a mot véc to. Con mdt 16p nira la
tang dau ra, sd no ron cua 16p nay phu thudc vao sb ting dau ra mudn tim ra.
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Hinh 2.22: M6 ta tang dau vao di qua 16p FC [43].
2.3 Mang YOLO (You Only Look Once)
2.3.1 Giéi thi¢u vé mang YOLO

YOLO (You Only Look Once) 1a mét giai phap cho bai toan nhan dang déi
tuong kha phé bién cho dén thoi diém hién tai, thuét toan dua trén mang tich chap
neuron va dugc dé xuit boi Joseph Redmon cting cac cong su 1an dau tién vao nim
2016 véi tiéu d& You Only Look Once: Unified, Real-Time Object Detection [46].
N6 ¢6 kha ning xu 1y video ¢ thoi gian thuc voi doi tré ti thiéu ma van giit duoc
d6 chinh xac dang né, cung véi chirc ning detect object véi mot wu diém ndi troi
1 nhanh hon nhiéu so véi nhirng mé hinh cii. Chi cdn mét 1an truyén vé phia trude
dé phat hién tat ca cac dbi tuong trong mot hinh anh.

YOLO dugc thiét ké trong Darknet, mot khung mang neurel ma ngudn mé
viét bang ngdn ngit C cing vdi CUDA — dugc phat trién bai cung tac gia tao ra
YOLO, Joseph Redmon.

Vé toc d6 xir Iy ciia YOLO so voi cac thuat toan khéc thi toc do xtr Iy YOLO
mang lai s& nhanh trong cling diéu kién tinh toan, anh tang du vao tryc tiép di qua
mang no ron ma khong can phai di qua mét éng dan (input pipeline) phirc tap [46].

V& danh gia su xuét hién cua d6i tuong thi YOLO déanh gia su xuat hién cua
d6i tugng trén toan bo blrc anh ma khong danh gia trén mot ving gidi han nhu
phuong phép cira so truot (sliding window) hay mang RPN (Region Proposal
Network).

2.3.2 Nguyén ly hoat dong

YOLO chia anh tang dau vao thanh mét luéi c6 kich thude 1a S x S. Néu diém
trung tam cua dbi tuong roi vao mot 6 nao do trong ludi thi 6 d6 c6 nhiém vy nhan
dang d6i tugng. Mbi 6 trong ludi s& nhan dang B khung chira d6i twong (bounding
box). Mdi véc to nhin dang s& c6 nim gi4 tri bx, by, bw, bh va p 1an luot 13 hoanh
d6 va tung d6 diém trung tAm cta ddi tuong trong 6 d6, chiéu ngang (width) va
chiéu cao (height) ctia khung chta d6i twong va cudi cung la do tin cay
(confidence). Do tin cdy cho biét kha nang xudt hién cua ddi tuong trong 6 do la
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bao nhiéu, néu gia tri ctia p thdp hon mot ngudng cho trude thi cac gia tri con lai
khong con quan trong.
Ngoai nim gié tri duoc trinh bay & trén, véc to nhan dang con bao gém C gia
tri (C bang sb 16p) biéu thi x4c suat ciia timg 16p, gia tri Ci 16n nhat nghia 13 ddi
tuong dugc nhan dang cé chi $6 béng 1. Véc to dac trung cia YOLO dugc mo ta
trong hinh.
2.3.3 Cac phién ban ciia mang YOLO
2.3.3.1. Phién ban 1 (YOLOV1)
Phién ban dau tién cia YOLO st dung 24 16p tich chap cho viéc trich
xuat dic trung va hai l6p két ndi dic cho viée nhan dang dbi tuong. Kién tric

ctia YOLOvV!1 duoc biéu dién nhu hinh bén dudi.

448

112 .
3 ;
3& s6 [ I,
3
248 3 4‘ 28 36
112 se zs 3
L] “ 7 7 7
3 192 256 512 1024 1024 1024 4096 30
Conv. Layer Conv. Layer  Conv. Layers Conv. Layers  Conv. Layers  Conv. Layers  Conn. Layer Conn. Layer

Hinh 2.23: Kién trac ctia mang YOLOv1 [46].
2.3.3.2 Phién ban 2 (YOLOV2)
YOLOV2 1a mot phién ban cai tién cia YOLOvI vé d6 chinh xac va
thot gian nhan dang.
YOLOV2 st dung phuwong phap chudn héa hang loat (batch
normalization) trén cac 16p tich chap thay vi st dung cac 16p dropout sau céac
16p két ndi dac. Chinh didu nay da lam cho mAP ting 1én gan 2%.

416

416 208
13 13 13
@Q Fuuwub =

Conv. Layer Conv. Layer Conv. Layer Conv. Layer Conv. Layer Conv. Layer Conv. Layer
3%x3x32 3x3Ix 64 3Ix i 128 3x3x256 3x3x%x512 3x3x%1024 3x3x1024
MaxPooling MaxPooling 1% 1%1%128 1x1x256 1%x1x512
3Ix3Ix 128 3x3x256 3x3x512 3x3x1024
MaxPeoling MaxPooling 1% 1x256 1x1x512
3x3x512(a) 3x3x1024
MaxPooling 3x3x1024

Hinh 2.24: Kién trac mang YOLOv2 [45].
V61 YOLOVI, kich thude cua cac hop neo (anchor box) dugc lya chon

mot cach ngau nhién, véi cach lam nay, thuat toan s& hoat dong hiéu qua véi
mot s loai ddi twong nhung lai anh hudng dén cac ddi twong khac. Tur phién
ban 2 cua YOLO, tac gia dé xuét str dung thuat toan K-means, cu thé 1a duyét
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qua toan bd tap dir li¢u dé phan cum kich thudc cac khung chira doi tuong, tu
d6 dé xuét gia tri ctia cac hop neo sao cho phu hop hon.

Thay vi str dung 2 16p két ndi dic (fully - connected) & cudi mang no
ron, YOLOV2 bo qua cac 10p nay va tién hanh nhan dang trén véc to dic trung
tur cac 16p tich chap phia trude theo mot cach khac.

IUCt,) ¢ b=o(t)+c,
—s : b=0(tD+c,
o(t)  ||ib=pe"

: b=pe"

pi|b,

2.3.3.3 Phién ban 3 (YOLOV3)

YOLOV3 ¢6 nhiéu cai tién so véi cac phién ban trudc, dac biét voi voi
viéc str dung nhiéu kich thudc khic nhau ctia ludi nhan dang (multi-scales).
Thay vi chi str dung mét ludi c6 kich thudce ¢b dinh 14 S x S nhu cac phién ban
trude thi YOLOV3 st dung 3 Iudi co kich thude lan luot 1a 13 x 13, 26 x 26,
52 x 52, sau d6 két hop cac két qua nhan dang lai trude khi 4p dung ngudng
va non-max suppression. Chinh nhd vao cach 1am trén da khién cho YOLOV3
c6 kha ning nhin dang cc vat thé nho tdt hon va do chinh xac ting dang ké.

(¥) Concatenation

" Scale
$) Addition 82 Suide

Residual Block

Detection Layer Scale 2

94 Stride: 16

Upsampling Layer

o Further Layers _ ff
- ] Scale
106 Stride: &

Hinh 2.26: Kién trac mang YOLOV3 [46].
2.3.3.4 Phién ban 4 (YOLOVv4)
YOLOV4 ¢ nhiéu sy cai tién dic biét giup tang do chinh xac va tbe
d6 hon ddi v6i ngudi anh em YOLOV3 ciing nhu cac mo hinh khac trén cung
tap dir lieu COCO va dugc xtr Iy trén phan cing GPU V100.
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MS COCO Object Detection

EfficientDet (D0-D4) real-time

YOLOV4 (ours)

ASFI

AP
&

——YOLOV4 (ours)

—e—YOLOV3 [63]
36 | —m—EfficientDet [77]
3 ATSS [94]

YOLOV3
—A— ASFF* [48]
32
CenterMask* [40] \\,
30
10 30 50 70 2 110 130
FPS (V100)

Hinh 2.27: So sanh hiéu suat va tbc do xtr Iy ctia cac mo hinh
YOLOV4 v6i cac mo hinh khac trén tap dir licu COCO [25].
CAu tric cia YOLOvV4 duoc tac gia chia lam bon phan:
e Daiu vao (input),
e Xuong séng (backbone),
e (b (neck)
e Paiu (head) gém co:
o Du doan day dac (dense prediction) - sr dung cac one-stage-
detection nhu mang YOLO, mang SSD
o Du doan thua thdt (sparse prediction) — sir dung cac two-
stage-detection nhu mang RCNN.

Input Backbone Neck

=

Input: { Image, Patches, Image Pyramid, ... }

Backbone: { VGG16 [68], ResNet-50 |26/, ResNeXt-101 [86], Darknet53 [63], ... }

Neck: | FPN [44], PANet [49], Bi-FPN [77], ... }

Head:

>

Dense Prediction: { RPN (641, YOLO (61, 62, 63, SSD |50], RetinaNet |51, FCOS [75], ..}
Sparse Prediction: { Faster R-CNN [64], R-FCN [9], ... }
Hinh 2.28: Kién trac ciia mang YOLOv4 [25].
Lua chon xwong song (Backbone):
Mang xuong song cho nhan dang vat thé thuong duoc hudn luyén

trudc (pre-train) théng qua bai toan phan loai ImageNet. Hudn luyén trudc cd

nghia la trong s0 ciia mang da dugc diéu chinh dé xac dinh cac dac trung lién

quan trong mdt hinh anh, mac du chung s€ dugc tinh chinh trong nhi¢m vu
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méi 1a phat hién d6i tuong. Tac gia dd sir dung cac xuwong song nhu:
CSPResNext50, CSPDarknet53, EfficientNet-B3.
Bang 2.2: Céac tham sb ciia mang no ron dé phan loai hinh anh.

AV§rage BFLOPs FPS
Input size spoxs12 (OF
Backbone Receptive Parameter  of layer
network ! network
model resolution field size S output 1 tion RTX
(WxHxC 2070
) : )
CSPResNex (15.5
50 512x512  425x425 206 M 1058 K FMA) 62
CSPDarknet (26.0
53 512x512  725x725 27.6 M 950 K FMA) 66
EfficientNet 1311x131 (5.5
B3 (ours) 512x512 1 12.0M 668 K FMA) 26

Mang tich chip két ndi day dic (dense connected convolutional
network - DenseNet) duoc thiét ké dé két ndi cac 16p trong mang no-ron phirc
tap nham muc dich lam giam b6t van dé d6 doc (gradient) bién mat (kho co
thé sao chép tin hiéu di bi that thoat trong mot mang rat sau) dé ting cudng
lan truyén tinh nang, khuyén khich mang str dung lai cac tinh ning va giam sd
luong thong s6 mang.

Mang EfficientNet duoc thiét ké bai Google Brain chu yéu nghién
clru vé van dé mé rong quy mo clia mang no-ron tich chép. Tac gia di co rat
nhiéu y kién khi dua ra quyét dinh mé rong ConvNet bao gém kich thude dau
vao, ty 1¢ chiéu rong, ty 1€ chiéu sau va mo rong tat ca nhirng diéu trén. Tac
gia da chon mang EfficientNet vi mang c6 mot vai mot diém hoan hao, co thé
t61 wu cho tit ca cac thong sb d6 va thong qua tim kiém dé tim thy diém do.

= o
z |

#channels
4 wider

deep-er

deaper

"+~ higher ;- higher
;. resolution N 4. rasolution

-

(2) baseling (b) width scaling {c) depth scaling {d) resolution scaling (&) compound scaling

Hinh 2.29: Kién truc cia mang EfficientNet [47].
EfficientNet vuot troi hon cac mang khac c6 cung kich thudc vé phan

[l !
-. layer_i

B]— resolution HxW

loai hinh anh. Tuy nhién, tac gia cia YOLOV4 cho rang cac mang khac c6 kha
nang hoat dong tot hon trong cai dit dé phat hién ddi twong nén quyét dinh thir
nghiém véi tt ca 3 mang CNN & trén. Va cudi cing thi tac gia chon mang
CSPDarknet53 véi xuwong séng cho mé hinh.
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Céu trac cia CPSDarknet53 duogc ciu tao tir CSP va Darknet53.

CSP (Cross-Stage-Partial connections): c6 ngudn gbc tir kién tric
Dense-Net sur dung dau vao trude d6 va ndi nd véi dau vao hién tai trude khi
chuyén vao 16p Dense. N6 ¢6 nhiém vu chia ddu vao cua khéi thanh hai phan,
mot phan s& qua cac khdi chap, phan con lai thi khong (di thang téi cudi khoi).
Sau d6, hai phan s& duoc cong lai va dua vao khdi tiép theo. Y tudng & day 1a
loai bo cac nat thit tinh toan trong DenseNet va cai thién viéc hoc b'fmg cach
chuyén phién ban chua chinh sira ctia ban db dic trung.

Base layer Base layer
—
v Part 1 Part 2
v
Dense Dense
Block Block
v
Transition
\ 4 &
Transition Transition

Hinh 2.30: M6 ta cAu trac CSP [49].

Khéi Dense bao gdm nhiéu 16p conv x(i) va H(i). Mdi 16p H(i) bao
g6m chuan hoa hang loat (batch normalization), ReLU va theo sau bai mét 16p
tich chap. Cac 16p H(i) nay thay vi liy dau vao 1a dau cudi cua 16p ngay trude
no, thi cac 16p nay sé lay tit ca cac dau cudi cua cac 16p trong khdi Dense do
lam dau vao.

Hinh 2.31: C4u trac cua khdi Dense [48].
DenseNet (dense connected convolutional network) & mdt trong

nhiing netwok mdi nhét cho visual object recognition. No ciing gan gidng
Resnet nhung c6 mot vai diém khac biét. DenseNet c6 cau tric gdm céac dense
block va cac 16p chuyén tiép (transition layers) dugc khdi xép dense - 16p
chuyén tiép -khéi dense - 16p chuyén tiép nhu hinh 1.30. V&i CNN truyén
thong c6 L 16p thi s& co L két ndi (connection), con trong mang DenseNet s&
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c6 L(L+1)/2 két ndi (connection) (tic 1a cac 16p phia trudc s& duogc lién két

v6i tt ca cac 16p phia sau no).
Input
Prediction
Dense Block 1 gl |. Dense Block 3
|- ;\- - -8 vl vl @ “' 5- »| ‘horse”
i
Hinh 2.32: C4u trac ciia DenseNet [49].
YOLOv4 st dung CSPDarknet53 dé lam xuwong séng vi
CSPDarknet53 ¢6 d6 chinh xac trong nhi€ém vu phat hi¢n doi tuong (task object

Dense Block 2
9 vl vl o0 | >

[o]
-]
3
=
o
E
g
3

Jeaun

Y
Y

detection) cao hon so vo1 ResNet. Mdc du ResNet c6 dg chinh xac trong nhiém
vu phan 16p (task classification) cao hon, han ché nay c6 thé duogc cai thién
nho kich hoat Mish (activation Mish) va mdt vai k¥ thuat khac.

> Bag of Freebies (BoF) cho xwong song:

Mot sb phuong phap giup cai thién két qua suy ludn (inference) ma
khong 1am anh huéng t6i toc do suy luan nhu ting dit liéu (data augmentation),
mat cin bang 1p (class imbalance), ham tinh chi phi (cost function), nhin
mém (soft labeling), v.v...

> Bag of Specials (BoS) cho xwong song:

YOLOV4 sir dung cac phuong phap BoS sau cho xwong song: kich
hoat Mish (Mish activation), cross-stage partial connections (CSP), Multi-
input weighted residual connections (MiWRC).

> Phén cb (neck) — tong hop dic trung:

C6 c6 nhiém vu tron va két hop cac ban do dac trung da hoc duoc
thong qua qua trinh trich xuat dic trung tir xwong séng va qua trinh nhan dang
(YOLOV4 goi la du doan Dense).

V6i mdi 1an thuc hién phét hién (detect) véi cac kich thude anh duge
thay doi ti 1¢ (rescale) khac nhau, tac gia di thém cac ludng di tir dudi 1én va
cac ludng di tir trén xudng vao cing nhau theo timg phan hodc duoc ndi voi
nhau trudc khi dua vao phan dau (head). Tir d6 16p nhan dang s& chira thong
tin phong pht hon.

YOLOvV4 di cho phép tiy bién sir dung cac cdu triic mang cho phan ¢
nhu 1a : FPN, PAN, NAS-FPN, BiFPN, ASFF, SFAM, SSP.

repeated blocks repeated blocks
P7 ( }—'—1( ---------- . P7 ()< 'y
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(a) FPN (b) PANet (c) NAS-FPN (d) BiFPN

Hinh 2.33: Mot s6 c4u triic mang str dung cho phan c¢6 YOLOv4 [49].
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> Phin diu (head)- buéc nhin dang:
YOLOv4 st dung phan dau gidng nhu YOLOV3 véi cac hop neo
(anchor box) va nhan dang véi anh c6 kich thudc khac nhau.

Hinh 2.34: Qué trinh huin luyén dé tinh chinh kich thudc
ctia hop neo sao cho gidng vai vat thé nhat.
> Bag of Freebies (BoF) cho may do:

YOLOv4 st dung cidc BoF sau cho cac may do nhu: CloU-loss,
CmBN, DropBlock regularization, Mosaic data augmentation, huan luyén ddi
phuong (self-adversarial training), loai bo cac ludi nhay (eliminate grid
sensitivity), sit dung nhiéu hép neo cho mét ground truth (using multiple
anchors for a single ground truth), cosine annealing scheduler, t6i wu siéu tham
s6 (optimal hyperparameters), hudn luyén ngiu nhién cac hinh dang (random
training shapes).

> Bag of Specials (BoS) cho may do :

Céc dic diém ctua BoS cho may do trong YOLOv4: kich hoat Mish
(Mish activation), thay ddi khdi SPP-block, thay d6i khéi SAM-block, thay
d6i khdi PAN (path-aggregation), DIoU-NMS.

2.3.4 Han ché ciia mang YOLO

Mic di mang YOLO khong phai 13 phuong phap c¢6 d6 chinh x4c cao nhat
thé nhung mang YOLO van 1a mo6 hinh mang dugc ua chudng trong nhiéu dy an
thuc té duogc trién khai thi cong, khi ma do chinh xac khong phai 14 wu tién hang
dau.

Mang YOLO tao ra cac rang budc khong gian manh mé ddi véi cac du doan
hop gidi han (bounding box), boi mbi 6 ludi (grid cell) chi du doan rat it hop gidi
han va chi c6 duy nhat mot 16p (class). Ngoai ra, YOLO con c6 rang budc vé khong
gian va gioi han vé s6 luong cac dbi tugng 1an can ma md hinh c6 thé dy doan
dugc. YOLO phai chién du vé6i viée xtr Iy cac vat thé nho xuét hién theo nhom.
Ciing vi nhitng 1y do trén va bén canh d6 1a mé hinh con hoc cac du doan dén tir
cac hdp gidi han cua dir liéu da dugc gan nhan trudc lam cho md hinh nay gap
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nhiéu khé khin trong viéc tong quat hoa cac ddi tuong & céc ti 1& cdu hinh méi
hoic ti 1& bat thuong.

Cudi cung, trong khi huén luyén vé mot ham mat mat (loss function) dé uéc
tinh hiéu suat phat hién thi ham mat mat nay da xr Iy cac 18i gidng nhau trong cac
hdp gidi han ¢6 kich thudc nhé hon so véi cac hop gidi han cé kich thude 1on. Mot
16i nho trong hop c6 kich thudc 16n nhin chung thi khong c6 tac hai to 16n gi nhung
mot 11 rat nho trong hop ciling ¢ thé anh hudng dang ké dén gia tri IoU. Nguyén
nhan xay ra 16i nhu trén chinh 13 do muc cuc bd hoa chua phu hop (incorrect
localizations) ciia mé hinh.

2.3.5 Lgi ich caa viéc xir dung mang YOLO

Mang YOLO véi téc do xir Iy nhanh va rat phii hop cho viée xir 1y hinh anh
O thoi gian thuc.

Du doan (vi tri dbi tuong va cac 16p) duoc thuc hién tr mot mang duy nhéat.
C6 thé duge huin luyén tir dau dén cudi d& dang va cai thién do chinh xac voi sd
mau cang 1on.

Phuong phép str dung mang YOLO vugt trdi hon so véi cdc phuong phap
khac khi hop nhét tir hinh anh ty nhién sang cac linh vuc khac nhau nhu cac tac
pham ngh¢ thuat.

Phuong phéap dé xuat khu vuc gigi han phan loai cho khu vuc cy thé. YOLO
c6 thé dé dang du doan ranh gi6i hinh anh vi né ¢ thé truy cap vao toan bo hinh
anh. Vi nhitng hinh anh ¢6 nhiéu hinh anh phu thi YOLO thé hién xtr Iy mét cach
hiéu qua va it sai hon trong cac khu vyc chi c¢6 nén.

Khéng nhitng thé, YOLO con phat hién mot d6i trong trén mdi 6 1udi va thuc
thi sy da dang ¢ cac khong gian trong viéc du doan dbi tuong.

2.4 Biéu d6 ciia hwéng doc (Histogram of Oriented Gradients - HOG)

Trich xuét dic trung HOG s& tao ra cac bo mo ta dic trung (feature descriptor) nham
muc dich phat hién vét thé (object detection).

Y tudng cua trich xuét dic trung HOG 1a tr mot buc anh, HOG sé lfiy ra 2 ma tran
quan trong giap luu thong tin anh do6 la cuong do gradient (gradient magnitude) va
phuong hudng cua gradient (gradient orientation). Bang cach két hop 2 thong tin nay
vao mot biéu do phan phdi histogram, trong d6 d6 16n gradient dugc dém theo cac nhém
bins cuia phuong gradient. Sau do, HOG sé€ thu dugc véc to dic trung HOG dai dién cho
histogram.

Trén thuc té, HOG con hoat dong phuc tap hon khi véc to HOG s€ dugc tinh trén
ting ving cu bd nhu mang CNN va sau d6 14 phép chuan hoa cu bo dé dong nhat do do.
Cubi cung véc to HOG tong hop tir cac véc to trén ving cuc bo.

HOG 1a mét phwong phap trich xuét dic trung tir anh duge dung trong bai toan phat
hién dbi twong. Voi mdi buc anh duoc hinh thanh tir rat nhiéu diém anh (pixel) thi
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phuong phap HOG vé co ban sé tinh toan sy thay d6i cia moi diém anh so véi cic diém

anh xung quanh dé tao ra ddc trung ri€éng cho anh.
Input image Histogram of Oriented Gradients

Hinh 2.35: Vi du v& trich xuét dic trung HOG [50].

Phuong phap ndy tré nén phd bién tir nam 2005 vi d cho thay hiéu qua rat cao trong
khi mé hinh nhén dang ngudi qua dudng két hop HOG véi Linear SVM. Trong sb do,
khong thé khéng ké dén m6 hinh trong thu vién DIib. DIib ciing 14 mé hinh nhén dang
khuon mit t6t nhat néu bo qua cac mo hinh hoc sau khac

‘ - arf \i .

s O '

Hinh 2.36: Két qua phat hién cac khudn mit c6 trong hinh anh khi dung
mo hinh Dlib dya trén trich xuat dic trung [50].

2.5 Phép gian n& (dilation)

Toan tir hinh thai 1a cong cu toan hoc dé xir Iy hinh dang trong anh. Toan tir hinh
thai st dung hudng tiép can 1y thuyét tap hop. Toan tir hinh thai dugc Gtng dung trong
tac bién anh, 14p day vung anh, tao két ndi giira cac ving anh hodc lam xuong anh.

Phép gidn nd (dilation) 12 mot trong bon phép toan tir ciia hinh thai. Phép toan nay
c6 tac dung lam cho ddi twong ban dau trong anh tang 1én vé kich thudc, cac 16 nho
trong anh dugc 1ap day, ndi lién dudng bién anh dbi véi nhitng doan rdi nho, 1ap day
khoang trong, md rong ving anh. Cong thirc tinh ctia phép toan dwgc hinh thanh khi dbi
turgng X va phan tir cdu tric (miu) B trong khong gian Euclide hai chiéu:

X®B=U_,B, 2.8)

e Trong do:
o Bxla dich chuyén cta B dén vj tri x.
o B latap hop cua tit ca cac By véi x thude X.
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o X#0.

Hinh 2.37: Vi du vé phép gidn no.

2.6 Phép bitwise and
Toan tir bitwise and thuc hién két hop logic trén cac bit tuong tmg voi cc toan
hang cta né. Pbi vdi mdi cap bit chiém ciung mot vi tri trong hai s6, nd chi tra vé mot

khi ca hai bit duoc bat.
fo o B o o

Bitwise and

o o o fo o

Két qua

Hinh 2.38: M0 t4 toan tu bitwise and.
Mau bit két qua 1a giao diém cua cac ddi sd ctia toan tir. N6 c6 hai bit duoc bat &
cac vi tri ma ca hai todn hang la mot. O tit ca céc vi tri khac, it nhit mot trong cac dau

vao co bit 1a 0.
Diéu nay twong duong vdi tich cua hai gié tri bit. Cong thure tinh bitwise cua so a
va b bang cach nhan cac bit cua chung v41 moi chi so 1:

(a&b), =a,xb, (2.9)

2.7 Ngon ngir 13p trinh va cac cong cu

Trong Luan van nay, ngoén ngtr 1ap trinh Python véi kho thu vién phong phu dugc
str dung giup ngudi dung co thé d& dang tiép cin nhitg ham, thu vién di duoc téi vu
hoa nhu thu vién argparse, cython, face recognition, dlib, future, image, imutils, joblib,
launchpadlib, libusb, libusb1, Ixml, mkl, mss, numpy, opencv, pickle, Pillow, protobuf,
pybind11, pygobject, pynetworktables, pyqt5-sip, pyqt5-tools, PyQtWebEngine,
pyshine, pyudev, pyusb, pyzbar, scipy, screeninfo, setuptools, sounddevice,
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testresources, V.v......giao dién d6 hoa PyQt s& cung cap giao dién huéng ddi tuong
manh mé& dén céac bd cong cu.

Cong cu gan nhin anh labellmg dugc dung dé gan nhan cho hinh anh va phyc vu
cho myc dich huan luyén ciac mé hinh may hoc. Cong cu labellmg c6 thé gan nhin cho
hinh anh va xudt ra céac tap tin nhu:

o Tapdirli¢u véi ph?m mo rong .xml vdi dinh dang PASCAL VOC duogc su
dung trong hau hét cac mé hinh hoc sau. Nghién ciru sir dung trong tap di
liéu ngudi mang khau trang hay khong mang khau trang

e Tap dir liéu v6i phan mé rong .txt dugc st dung trong moé hinhYOLO.
Nghién ctru sir dung trong tap dir li¢u dir liéu rau cu qua.

2.8 Phuwong phap danh gia mo6 hinh phat hién dgi twong, nhan dién khuoén mat
Céch tinh IOU va ham mét mat:
e Dé cap nhat trong s6 cho md hinh, cac phuong phéap object detection thudng

dung ham loss 1a IoU.
oU =y—— 2.10
‘BUBg’ (2.10)
BN B*
Ly, =1- ‘BUBgt_ (2.11)
Trong do:

B: boundary box.
Gt: ground truth.

e Tuy nhién, khi st dung IoU, xét hai truong hop hop du doan gidi han
(prediction bounding box) va hdp gidi han thuc dia (groundtruth bounding
box) khong giao nhau (overlapping), 1am cho du doan kho cé thé biét duoc
truong hop nao tdt hon trudng hop nao. Do d6, giy kho khin cho viée cap
nhit trong s theo huéng khién hop du doan gi6i han tién gan toi hop gisi
han thuc dia.

e GioU giai quyét diéu nay bang cach thém vao IoU mot thanh phan C - hop
gi61 han nhé nhét chia ca hop du doan gidi han va hop gidi han thuc dia
(xem nhu khoang cach gitra hai hop gidi han nay).

c-BUB*

cl

Trong d6: C 1a hop giéi han nho nhét bao phu giita B va Bgt.

L. . =1-IoU+ (2.12)

GloU
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e Tuy nhién, khi st dung GIoU lai c6 mot van dé 1a mo hinh co khuynh huéng
mo rong hdp du doan gidgi han trude cho téi khi nd giao nhau (overlapping)
v6i hop gidi han thyce dia, sau d6 mai co lai dé giam IoU.

e DIoU giai quyét duoc van dé nay bang cach khong chi dua hop gidi han C
vao rang budc ma con dua khoang cach gitra tam cua hop du doan gidi han
va tAm ctia hop giéi han thuc dia. Bay gid, thanh phan ¢ & mau chi dong vai
tro chuan hoa khoang cach gifta hai tam cua hdp dy doan gidi han va hop
gi61 han thuc dia.

2 t
b,b*
Ry = %2) (2.13)
Trong d6: b va bgt biéu thi cac diém chinh giita cia B va Bgt, p() 1a
khoang cach cua Euclidean, va c 1a 46 dai duong chéo cua hop bao quanh
nho nhét bao phi hai hop.
2 t
b,b*
L =1-jou+2 BP0 (2.14)

DIoU 2
C

e Cudi cung, CIoU dua thém vao tham sd gitip duy tri ty 1& cia cac hop gidi
han.
2 t
b,b*
R,y = % (2.15)
Trong d6, b va bgt biéu thi cdc diém chinh giita ctia B va Bgt, p() 1a
khoang cach cua Euclidean, va ¢ 1a d§ dai duong chéo cua hdp bao quanh
nho nhét bao phu hai hop.
2 gt
LA L (2.16)

CloU — 2
c

Trong d6, o tham s6 can bang duong (positive trade-off parameter) va v
do ludng tinh nhat quan cua ti 1& khung hinh.

gt

4
v = — (arctan—- —arctan %)2 (2.17)
r

h*
e Sau d6, ham mit mat s& duoc dinh nghia:

2 gt
_1-ou + P B:57)

Loy 2 +tav (2.18)
c

e Vatham s6 can bang (trade-off) a dugc dinh nghia:
a=—" (2.19)

(1-IoU)+v

Céch tinh Precision va Recall:
Prediction = — (2.20)
TP+FP
Recall = —— (2.21)
TP+FN
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Trong d6 mo6 hinh dugc danh gid dua trén bang ti€u chi sau.
Bang 2.3: Ti€u chi danh gia mé hinh.

Dv

STT doz’in

Nghia Noi dung

Mo hinh du doan ding 16p ctia ddi tuong/khudn
mat va khung chtra ddi tuong/khuon mat.
M0 hinh du doan khong c6 phat hién/nhén dang
dugc dbi tuong/khuon mat.
False Mb hinh dy doan dugc khung chira dbi
3 FN . tugng/khuén mat nhung sai 16p cua doi
Negative Ao
tuong/khudn mat.

Céch tinh Fl-score (v6i Fl-score 1a trung binh diéu hoa (harmonic mean) cia

1 TP  True Positive

2 FP  False Positive

precision va recall):
Prediction X Recall

X Prediction + Recall
2.9 CUDA, cuDNN, DeepStream SDK va TensorRT
2.9.1 Giéi thiéu vé CUDA va nhan CUDA
CUDA (Compute Unified Device Architecture) 14 kién triic hop nhét tinh toan
ctia cac thiét bi dién tir dugc phat trién doc quyén bai hing cong nghé NVIDIA.
Nhan CUDA (CUDA core) 1a mot nhan xir 1y trong GPU cua card d6 hoa.
Nhan CUDA c¢6 cdu triic cach thic tinh toan don gian. S6 lugng nhan CUDA ¢6

F, =

(2.22)

thé duoc tich hop trén GPU 16n dén con sé hang nghin.

Nhan CUDA dong vai trd quan trong trong qua trinh tinh toan, xu 1y thong
tin nhan dugc cia GPU. GPU c6 chita cang nhiéu nhan CUDA thi kha nang tinh
toan dong thoi nhiéu thong tin cang nhanh va chinh xac. Nhan CUDA 12 mét trong
nhirng thanh phan quyét dinh dén chit lwong hinh anh hién thi khi ngudi dung choi
trd choi dién tir, xtr 1y tép d6 hoa duoc két xuat sau khi thiét ké co d6 ti mi, chinh
x4c ra sao hay tham chi 1 quyét dinh thoi gian nghién ctru mot chii dé khoa hoc s&
nhanh hay cham.

2.9.2 Giéi thiéu vé cuDNN

CuDNN — NVidia CUDA® Deep Neural Network 1a mot thu vién nén tang
cho cac mang no ron hoc sau dugc ting toc boi GPU. CuDNN cung cip céc thiét
1ap dugc tinh chinh cho céac thu tuc duge chuin héa nhu chuyén tiép (forward) and
quay lui (backward) tich chap (convolution), tong hop (pooling), chuin héa
(normalization) va cac 16p kich hoat. CuDNN 1a mot phan ctia DL SDK do NVidia
cung cap mot mdi truong phat trién toan dién cho cac nha phat trién C va C ++ dé
xay dyung cac Gmg dung ting tdc GPU véi hiéu suat cao cung cac thu vién.

2.9.3 Giéi thiéu vé DeepStream SDK
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DeepStream SDK dugc phat trién boi NVIDIA. DeepStream cung cip cho
cac nha phat trién tily chon phat trién bang ngdn ngit C/C++, Python hodc sir dung
1ap trinh d6 hoa ma thip véi Graph Composer. DeepStream cung cap nhiéu phan
bb tro (plug-in) va tién ich mé rong dugc ting toc phan cting. HS tro chay trén ca
hai nén tang NVIDIA Jetson Nano va dGPU.

DeepStream 1a mot phan khong thé thiéu cia NVIDIA Metropolis - nén tang
dé xay dung cac dich vu va giai phap dau cudi (end-to-end) giup chuyén doi dix
liéu diém anh va cam bién thanh nhitng thong tin chi tiét hitu ich.

Téc d6 trién khai va thyc thi nhanh chong véi cac ing dung va dich vu Vision
AL DeepStream cung cap cdc tinh ning bao mat hd trg da nén tang. DeepStream
con cung cip bo cong cu phan tich phat truc tuyén hoan chinh dé xir 1y da cam bién
v6i thuat toan Al trén video va hinh anh. DeepStream SDK c6 thé ap dung Al dé
truyén phat video va c6 thé ddng thoi tdi vu hoa vé giai ma/ma hoa video, chia ty
1¢ va chuyén dbi hinh anh ciing nhu két ndi edge-to-cloud dé t6i wu hoa hiéu suét

hoan chinh tir dau dén cuoi.
H.265 H.264

A100

T4

AGX Xavier
Xavier NX
™2

Nano

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Hinh 2.39: Tém tit mat do ludng (stream) dat duoc & chuan H.264 va H.265 voi
khung hinh 1080p/30fps trén cac thiét bj cia NVIDIA [51].
DeepStream cung cap su linh hoat tir tao mau nhanh dén cac giai phap cap
san xudt day du. Str dung NVIDIA TensorRT cho kha ning suy luan thong luong
cao vai cac tiy chon ho tro da GPU, da luéng dé c6 thé dat duoc hiéu suat tot nhat.
DeepStream duoc xay dung khong chi phuc vu cho nha phét trién ma con cho
ca doanh nghiép. DeepStream cung cp hd tro cho nhiéu mé hinh Al dya trén phan
loai hinh anh va phan doan va phat hién dbi twong pho bién nhu SSD hay hién dai
hon nhu YOLO, FasterRCNN va MaskRCNN. Ngoai ra, c6 thé tiry chinh hé thong
DeepStream.
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LT AL Jetson Xavier NX Jetson AGX Xavier T4
Nano* TX2*
Application Inference | o ocision | . MoocL Seu
PP Resolution Accuracy (FPS)
Peopl PeopleNet-
opte copeiie 960x544 INTS 84% 12 31 172 48 48 305 53 53 926 3345
Detect ResNet34
Vehicle  TrafficCamNet-
enicte  Tramlichamiel= g 00844 INTS 84% 19 51 274 89 89 48 111 111 1353 3855
Detect ResNet18
Vehicle  DashCamNet-
enee asnBAMTEL  oioxs44  INTB 80% 18 4 261 91 91 40 116 116 1341 3870
Detect ResNet18
F FaceDetect-IR-
ace acevered 384x240 INTS 96% 101 276 1126 455 455 2007 424 624 2516 5578
Detect ResNet18

Hinh 2.40: Hiéu suit ludng khi ding DeepStream trén khung hinh 1080p/30fps trén
cac thiét bi cia NVIDIA [51].

Mo hinh kién trac hoat dong va xur Iy ctia DeepStream.
PYTHON

DeepStream Python App

|

Gst-Python

l ! |

Probe:
Metadata Probe: Image
Tensor data

ﬁ
J l ¢ 1
PyBindings NumPy

Image data, Metadata, Tensor data

P cress Python
Hinh 2.41: Kién trac xur 1y ciia DeepStream [52].

2.9.4 Giéi thigu vé TensorRT

TensorRT 14 bo cong cu phét trién phan mém (SDK) hoc do Nvidia phat trién.
TensorRT ra doi nham cai thién téc do inference, giam d9 tri trué trén cac thiét bi
d6 hoa NVIDIA(GPU). TensorRT c6 thé cai thién téc do suy luan 1én dén 2-4 lan
so voi cac dich vy real-time va nhanh hon gap 30-40 14n so v6i hiéu suét khi ding
CPU trong qua trinh suy luin. TensorRT hd trg ngén ngit C++ va Python.
TensorRT hd tro nhitng nén tang: Embedded (Jetson), Automotive (Drive PX),
Data center (Tesla GPUs).

2.9.4.1 Phuwong phap toi wu ciia TensorRT

TensorRT s€ thuc hién nam loai toi vu dé tang hi€u suat inference:
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Layer and Tensor Fusion

/._. ()
Weight and Activation \

Precision Calibration

Kernel Auto-Tuning

/- e,
(2n )
\‘@ F\i}/ﬂ TensorRT Optimizer \ L /}
a K
L ] \ Y \
e 0o 0 «* %
® e
e 00 O
]
e o 0 X/r\ ﬁ\/
° \
f - -
Trained ( :E. H ( A;ﬁ;') Compiled and Optimized
Neural Network &MJ Neural Networks

Dynamic Tensor Memory Multi-Stream Execution

Hinh 2.42: Nam loai t6i uu hoa dé ting hiéu suét suy ludn trén TensorRT [53].
e Precision Calibration: trong sudt qua trinh huin luyén, cac
tham s va ham kich hoat trong do chinh xac Tensor Cores
FP32 (Float Point 32) s& duoc chuyén dbi vé do chinh xac
FP16 hodc INTS. Viéc chuyén dbi nhu vay sé& gitp t6i vu mo
hinh nhu giam db tri trug, ting toc do suy luan.
Bang 2.4: Vung gia tri cia cac Tensor Cores FP32, FP16, INTS.

Minimum Positive
Value

Vung gia tri

-3.4x1038~+3.4x1038 1.4x10™%
-65504~+65504 5.96x10°®
-128~+127 1

e Layer va Tensor Fusion: TensorRT s€ gop céc layer va tensor
dé t6i wu héa bo nhd GPU va bang thong. Cac node s& dugc
g0p theo chiéu doc, chiéu ngang hoic ca hai chiéu. Viéc gop
nhu vay s& gitp giam mot sé dung lwong nhu doc va ghi dit
liéu Tensor cho mdi 16p.

Un-optimized network TensorRT Optimized Network

next input

3x3 CBR 5x5 CBR 1x1 CBR
4

1x1 CBR max pool

4

max pool
L]
1x1 conv

Hinh 2.43: Su két hop 16p doc va 16p ngang cta TensorRT trén mé hinh
GoogLeNet Inception [54].
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o Cai thién vi¢c sit dung GPU: khoi chay it kernel hon,
st dung b nhé va bang thong tét hon.

o Hop nhat hang doc: két hop cac 1énh goi kernels theo
tuan tu.

o Hop nhét hang ngang: két hop céac kernels c¢6 dau vao
gidng nhau nhung khéc trong luong.

e Kernel auto-tuning: trong quy trinh t6i wu, mot vai kernel
duoc cung cap danh riéng cho viéc tdi vu s& thuc thi trong
sudt tién trinh.

o C6 nhiéu thuét toan trién khai cap thdp cho cac viéc
phép tinh thong thuong.

o TensorRT chon cac t6i vu kernel dua trén cac tham sd
nhu: batch_size, filter-size, input data size.

o TensorRT chon t6i wu kernel dwa trén muc tiéu ctia nén
tang.

e Dynamic Tensor Memory:

o Chi phan b6 bd nhé can thiét cho mdi Tensor va han
ché thoi gian sir dung cua Tensor.

o Gidm dung lugng bo nhd va cai thién kha nang tai su
dung bo nho.

e Multiple Stream Execution: TensorRT cho phép xtr 1y song
song nhiéu ludng dau vao.

2.5.4.2 Kién tric md hinh TensorRT

So d6 kién trac tdi wu mo hinh va thuc thi mé hinh cua TensorRT.

.................

o Import Model : * o Serialize Engine a.
- L o x
1 % — e FL
P
Trained Neural Network TensorRT Optimizer Optimized Plans
YOLOvV4-Tiny (FP32, FP16,Batch Size 1) model_b1_gpuO_fp32.engine
|.a‘-
iali T ; - Images/video
d. De-serialize Engine PN Deploy Runtime e « g
S ——— co | )  C:
M ) °\.

Optimized Plans TensorRT Runtime Engine Results

model_b1_gpu0_fp32.engine
Hinh 2.44: So db kién trac tdi wu m6 hinh va thuc thi mé hinh cua
TensorRT [54].
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CHUONG 3. PHUONG PHAP NGHIEN CUU

3.1 Méi trudng thue nghiém

3.1.1 Tong quan vé thiét bi Nvidia Jetson Nano

Hinh 3.1: Nvidia Jetson Nano Kit [55].
Mot s6 thong s6 vé phan cing va phan mém cua thiét bi NVIDIA Jetson Nano

ma deé tai luan van str dung dé thuc nghiém.

Bang 3.1: Thong sd phan cimg caa NVIDIA Jetson Nano.

STT Théng so ky thuit
1 Moé-dun JAe(t)szon Nano Developer Kit Carrier Board
2 Chip xur ly (CPU) Loi tt ARM Cortex-A57 MPCore 1.43 GHz
. NVIDIA Maxwell voi 128 161 NVIDIA
3 Chip do6 hoa (GPU) CUDA®
4 RAM 4 GB 64-bit LPDDR4, 1600MHz 25.6 GB/s
5 B0 nhé luu trix Thé nhé microSD 128GB
250MP/giay
6 Do phan gidi ma 1x4K@301ps | 2x1080p@601ps |
hoa quay phim 4x1080p@301ps | 4x720p@601ps |
9x720p@301ps (H.264/H.265)
500MP/giay
7 D0 phan giai giai 1x4K@601ps | 2x4K@301fps | 4x1080p@60
ma quay phim fps | 8x1080p@301ps | 9x720p@601ps
(H.264/H.265) o
§ My anh 12:)12\:([)11)1 CSI-2 (15 vi tri dau noi Camera

9  Kétndi khong day
10 Kétnbi co day

11 Cbng xuit hinh

12 Cong két ndi

13  Paunoi SO-DIMM

14 DPau cam mo rong

Intel® Dual Band Wireless-AC 8265 M.2
Key E (PCle x 1)

Gigabit Ethernet (RJ45)

I1xHDMI 2.0, 1xDisplayPort

4xUSB 3.0 Type-A, USB 2.0 Micro-B

260 chan

40 chan voi tin hiéu — 3x12C, 2xSPI, UART,
128, GPIOs

C) Bao Hiéu - M3718007 | 2022

42



be tai:

Xay dung cong cu phat trién Gmg dung cho cam bién may anh tu dong

Giang vién huéng dan
TS. Lam Hoai Bao

15 Nhiét do hoat dong Tu 25°C — 80°C
16 Ngudn vao Micro-USB (5V=2.5A) hoic DC (5V=4A)
17  Kich thuoc 161 69.6mmx45mm
1§ i (PHOCIOAN DO 00 mxg0mmx29mm
Bang 3.2: Thong s6 phan mém ciia NVIDIA Jetson Nano.
STT Théng s6 phin mém
1 Hé¢ diéu hanh Ubuntu 18.04.5
2 Jetpack SDK 4.5.1 bao gébm L4T 32.5.1
3 TensorRT 7.1.3
4 CUDA 10.2
5 cuDNN 8.0
6  DeepStream 5.1
7  Dlib 19.9
8  VPI (Vision Programing Interface) 1.0
9 OpenCV 4.4.0
10 Visionworks 1.6
11 NVIDIA Nsight Systems 2020.5
12 NVIDIA Nsight Graphics 2020.5
13 face recognition 1.30

3.1.2 Tong quan vé thiét bi Camera Logitech C922 Pro Stream

Camera Logitech C922 1a webcam truyén truc tuyén & thoi gian thuc voi chat
luong hinh anh chuan HD 720p siéu nhanh dat toc do khung hinh 60fps. Camera
cung cip phan mém hd trg cho hai h¢ diéu hanh: Windows va Mac OS. Mot s6
thong sb vé phan cing va thong sb camera hd tro trén hé diéu hanh Linux.

Hinh 3.2: Camera Logitech C922 Pro Stream [56].
Bang 3.3: Thong s6 phan cimg ctia Camera Logitech C922 Pro Stream.

STT

Théng s6 ky thuit

1

e <BEN I e NV, NN US I 8

D0 phan gidi may anh
D0 phan giai quay phim

Kha nang thu phéng
Tam nhin chéo (dFoV)
Loai tiéu cu

Lay nét tu dong

Loai thiu kinh

3 MP

Full HD
1080p@301ps
HD 720p@601ps
Lén té1 1x

78°

Lay nét ty dong
Co

Kinh
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9
10
11
12
13
18
19
20
22
14
15

16

Tu dong diéu chinh anh sang
Micrd tich hop

Céc mic khir tiéng on
Pham vi ctia mic

Két ndi

Chiéu cao

Chiéu rong

Chiéu dai

Trong lugng

Do dai day

Chan may

Kep phd dung sin sang cho chan may
phu hop véi may tinh xéch tay, man

hinh LCD hoac CRT

Co

Am thanh ndi
2 mic thu moi hudéng
Léntéi 1 m
USB-A

44 mm

95 mm

71 mm

162 g

I,5m

Co

Co

Bang 3.4: Thong s6 hd tro thiét 14p ctia Camera Logitech C922 Pro Stream.

STT Théng sb

Vung gia tri

1  DJ sang 0-255
2 b9 tuong phan 0-255
3 Do baohoa 0-255
4  DJ nhay sang 0-255
5 Do phoi sang 3-2047
6 Do sic nét 0-255
7 Lay nét 0-250
8  Thu phong 100-500
9 Bimo 0-255

3.2 Cac tap dir liéu
3.2.1 Tap dix liéu rau ci qua
Mot s6 hinh anh, thong tin mé ta vé 7 16p cua tap dir liéu rau ct qua di thu
thap duoc.

1
Hinh 3.3: Mot s6 hinh anh vé tap dit liéu rau ci qua.
Bang 3.5: Thong tin vé tap dit lidu rau ca qua.

Lép  Nhan Mo ta Train
1 carrot Cu ca rot 71
2 cucumber Qua dua chudt 94
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3 daikon Cu cai tring 87

4  jicama Cu dau (ct san nudc) 102

5 lime Qua chanh 94

6 potato Cu khoai tay 72

7  tomato Qua ca chua 95

Khac Nhiéu loai trong anh 78

Téng 693

3.2.2 T4p dir liéu c6 mang va khong mang khau trang
Mot s6 hinh anh, thong tin mé ta vé 2 16p cua tap dit liéu dbi twong c6 mang
va khong c6 mang khau trang qua da thu thap duoc.

Hinh 3.4: Mot s6 hinh anh vé tap dit liéu d6i tugng c6 mang va

khong mang khau trang
Bang 3.6: Thong tin vé tap dit liéu dbi twong co6 mang va khong mang khau trang.
Lép Nhin Mo ta Train
1  face with mask Mang khau trang 4800
2 face without mask Khong mang khiu trang 2846
Khac Nhiéu loai trong anh 325
Téng 7971

3.2.3 Tap dir liéu cac khuon mat
Mot s6 hinh anh va thong tin vé 6 16p trong tap dir liéu nhan dang khuén mat
da thu thap duoc.

[-9

Hinh 3.5: M6t s6 hmh anh vé tap du: li¢u nhan dang khuén mat.
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Bang 3.7: Thong tin vé tap dit liéu nhan dang khudn mit.

Lép Nhin Mo ta Train
1 co hieu C6 Bao Hiéu 109
2 gia phuc L& Gia Phuc 18
3 lai dong C6 Lai 11
4  thanh van  Nguyén Thi Thanh Van 17
5 thuy an Nguyén Huynh Thuy An 14
6 tuyet nhung CO6 Thi Tuyét Nhung 11

Tong 180

3.3 Tong quan vé chwong trinh nghién ciru
3.3.1 Giao dién chwong trinh

Giao dién duogc thiét ké voi 16p 4o tir thu vién PyQt phién ban thtr 5. Giao
dién mang phong cach hién dai véi 16i thiét ké giao dién phang (flat UI) nhim dem
dén cam giac gan giii, cling nhu mang lai trai nghiém t6i wu nhat cho nguoi sir
dung.

Giao di¢n chi co duy nhat mot biéu mau (form) dé thuén tién cho viéc thao
tac va tinh chinh. Ngudi dung c6 thé thao tac bang chudt hay dung cac phim tit dé
kich hoat cac chirc nang khéac nhau.

o -
t | Deteet ’ | Deteat N
Recognize » Mask/MNo Mask Cirl+0 Frontal Face Ctri+F
Increase » QR Cede Ctri+Q Vegetables Cirl+v | Increase b P— | Increase » FPS crl+G

Camera Control (2020)

Acion Help File Action Help
Save profile Ciri+s
Losa prole e Photo/Video Settings
Resiore default profile  ChrisD About F12
Exit Cltew Brightness
1820x1080
Contrast 1600x896
Saturation s
1024x576
Gain — 960x720
Exposure e Sy
864x480
Sharpness 800X600
5 FPS Foous ) 800x448
10 FPS Zoom B40x360
432x240
15 FPS Blur ‘
352x288
20 FPS R
Mirror Rotate up Invert Mono e
24 FPS
15 EPS — 640x480 - 320x180
30 FPS 176x144
D Take Photo Record Video 160x120
60 FPS 160x30

Hinh 3.6: Giao dién cua chuong trinh nghién curu.
Giao di¢n v&i mot thanh menu chira cac hanh dong nhu: File, Action, Help.
Trong cac hanh dong nay dugc t6 chire thanh céc tinh ning 4n bén trong:
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e Menu File gdm céc chirc ning sau: Save profile, Load profile, Restore
default profile, Exit.
e Menu Action gdm cac chirc ning sau:
o Detect.
= Color.
= Object.
e Mask/No Mask.
e Vegetables.
= QR Code.
o Recognize.
= Frontal Face.
o Increase.
= FPS.
e Menu Help gdm céc chirc ning sau: Wiki, About.

Ngoai cung la mdt thé menu Photo/Video Settings dung cho viéc tinh chinh
va bd loc hinh anh dau vao va dau ra chéng han nhu: Brightness, Contrast,
Saturation, Gain, Exposure, Sharpness, Focus, Zoom, Blur, Mirror, Rotate up,
Invert, Mono, hop két hop (combo box) FPS, hop két hop (combo box) Resolution,
nut (button) Take Photo, nut (button) Record.

3.3.2 So' dd xir Iy ciia chwong trinh

So d6 use case cua chuong trinh

Thay ddi théng s6
clla camera

Rau cl qua

Mang khau trang
Nhan dang khuén mat hay
@ khéng mang khau trang

Hinh 3.7: So dd use case ciia chuong trinh.
So db kién triic ctia chuong trinh

C) Bao Hiéu - M3718007 | 2022 47



Dé tai: i ) Giang vién huéng dan
Xay dung cong cu phat trien ung dung cho cam bién may anh tu dong TS. Lam Hoai Bao

Camera Control (2020)

I

Action

Photo/Video Settings

|

#

1

Save profile Blur

!

Brightness

i

> Load profile Recognize Contrast Mirror

!
T

mma Restore default profile Saturation

Increase

}

Rotate up

. Exit Color Gain Invert

}
i

Mono

!

Exposure

i

i

> QR Code

!

Resolution

t

Sharpness

Mask/No Mask

}

Focus FPS

t

Vegetables Zoom

{

M Frontal Face

N FPS
Hinh 3.8: So db xt 1y ctia chuong trinh.
3.4 Cac phuwong phap nghién ctru
3.4.1 Phwong phap nghién ctru camera
Xay dung nghién ctru x1r 1y hinh anh
Khung canh,

déi tugng,
anh quang hoc

Bo cam Dirliguanh | X1y Nén, luu trir
bién phan tich va trl.'l &n anh
(camera) Anh lién tuc anh Y

Tin hiéu anh

Hinh 3.9: Kién trtc ctia nghién ctru xr Iy hinh anh co ban.
Nghién ctru sir dung chuwong trinh xt 1y hinh anh chu yéu tir thu vién OpenCV
dé camera 14y hinh anh & dau vao ciing nhu hién thi hinh anh ¢ dau cubi hay xir Iy
ting khung hinh & dau giira.

cv::Mat from create / open set / get grab / write
buffer : device - properties frame

"Manufacturer Driver ' { . -
VideoCapture ) VideoWriter

File or URL stream

Camera
+ fourcc codec

C/ C++ / JAVA AP

~ |
Manufacturer Backends CODECS 0.S. H
\ Library Libraries (fourcc) M  Libraries | J‘

MEDIA DEVICES ]

|
Video File Network Stream ]
J
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Hinh 3.10: Kién trac nghién ctru xtr 1y hinh 4anh thong qua OpenCV [57].
3.4.1.1 Xur ly hinh dnh

Thay d6i d6 sang (brightness), dd twong phan (contrast), dd phoi
sang (exposure value — EV) va do nhay sang (gain/iso)

D0 sang la thudc tinh chu quan, dac trung cho kha nang cdm nhan do
roi (luminanace) va phu thudc vao dd roi ciia moi trudng xung quanh.

Do twong phan biéu dién sy thay d6i do sang cta dbi twong so voi nén.
N6i mot cach khéc, do twong phan 1a do ndi ctia diém anh hay ving anh so voi
nén. Dai tAn nhay sang 1a gidi han dai mirc x4m xuét hién trong anh va duogc
do bang d6 twong phan.

D0 bao hoa dac trung cho do thuan khiét tuong ddi. o bio hoa phu
thudc vao do rong cua phé anh sang va thé hién lugng mau tréng duoc tron voi
sac do.

Cong thirc dung dé chinh d6 sang dung phép toan nhan va cong bang
cach thay doi gia tri o va p:

g(laj):af(17])+ﬁ (3.1
e Trong do:

o o> 0 la tham s6 do loi (gain) hay tham sé dé diéu
chinh d¢ twong phan (contrast).

o P latham sb d6 léch (bias) hay tham sb dé diéu chinh
do sang (brightness).

o f(i,j) 12 hinh anh dau vao.

o g(i,j) 1a hinh anh dau ra.

o 1vajbiéu dién cho hang va cot nam trong diém anh.

Néu nhu ting giam gia tri o va B 18n cao c6 thé xay ra mot sé truong
hop nhu nghich dao B s& cai thién do sang nhung dong thoi hinh anh s& xuét
hién mdgt 16p man che nhe do do tuong phan s€ gidm. Bén canh d6 do loi a co
thé 1am giam hiéu tng ndy nhung béi vi anh hudng dén dén do bdo hoa nén sé
1am mét mét sé chi tiét trong ving sang ban dau.

Pé thay d6i do phoi sang va d6 nhay sang nghién ctru ding phuong
phap bién d6i gamma hay bién d6i luat s6 mii. Bién d6i gamma c6 thé dugc sir
dung dé diéu chinh d6 sang cua hinh 4anh bang cach st dung phép bién d6i
khong tuyén tinh gitra cac gia tri dau vao va gia tri dau ra dugc anh xa:

] e
O = (—j x 255 (3.2)
255
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Output value

]
o 100 150

Hinh 3.11 D6 thi cho cac gié tri khac nhau cua gamma [58].
Khi gia tri y < 1 cac ving t6i ban dau s& sang hon va biéu d6 s& bi dich
chuyén sang phai va nguoc lai véiy > 1.

Hinh 3.12: Két qua hinh anh thiéu sang va hinh anh sau khi hiéu chinh
gamma (y = 0.4) [58].

Thay do bao hoa (saturation):

Chuan hoa cac gia tri hinh anh BGR thanh [0, 1].

Sau d6, chuyén d6i khong gian mau BGR thanh khong gian mau HSV.

Céc thanh phan d6 bio hoa c6 thé dugc diéu chinh theo chuyén d6i
gamma nang cao do tuong phan.

Cudi cung, chuyén dbi khong gian mau HSV sang khong gian mau
BGR.

Thay d6i thu phéng (zoom) hinh anh:

Céc chirc nang phong to va thu nhé duoc cdu tric dé hoat dong bang
cach diéu chinh gia tri ty 18.
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(Chiéu dai méi) /2
[ ——>

oes naiyd

21uD) A

b4

@
H
g

Hinh 3.13: Cac hién thi mot khung hinh méi khi mét diém
dugc chon dé phéng to.

Hinh tron c6 nghia 1a vi tri duwgc cham vao, chuong trinh nghién ctru
s& kiém tra kich thudc cua phan trén va phan dudi va cac bén dya vao vi tri d6
va coi phan nhé 1a mot nira ciia khung hinh méi dé tim va cat khung hinh c6
kich thudc mai. Mot bién 13 boi s6 cua ty 16 duge dung dé thay doi kich thude
man hinh phu hop.

Lay kich thuéc cia hinh anh, tim gia tri trung tAm, tinh toan kich thuéc
theo ty 18, cat va tang kich thudc vé kich thudc ban dau dé tra vé.

Viéc thu phong khi cham & cac canh c6 xu huéng 1am bién dang man
hinh hozc phéng to qua dot ngdt, vi vay dé khic phuc diéu nay can dé n6 twong

xung voi thu phong khi cham.

z/ (low

v

A

Chiéu dai

Hinh 3.14: M6 ta khi 4n hai 1an vao mét canh dé thu phong.
Trong truong hop cham vao phan canh, vi tri cam Gng dugc diéu chinh
theo mot ty 1¢ nhat dinh dé tranh bi méo bang cach bat tinh ning phéng dai
trong khi duy tri ty 1€ hop ly.

Khung hinh géc Khung hinh dudc phéng to
Hinh 3.15: So sanh trudc va sau khi hinh anh dugc phong to.

So db nghién ctru xtr Iy thu phong anh.
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Camera dau vao

Hé théng xur ly

L&y khung hinh tir
camera

Néu chon

Chon vi tri muén thu
phong

) . Néu khéng chon
An chubt trai hai lan An chuét phai hai lan

Tang ti lé khung hinh Gidm ti Ié khung hinh

Hién thi hinh anh
phuc ilétrudc
khiphéng to

Hién thi hinh anh vai ti [&
da chon

Hién thi hinh anh vai ti 1&

binh thudng

Hinh 3.16: So d6 nghién ctru thu phong anh.
3.4.1.2 B§ loc hinh dnh va cac xir ly khac

Lam mo (blur) hinh dnh:

Lam mo hay lam min (Gaussian blur) 1a k¥ thuat lam min duoc su
dung pho bién nhét dé loai bé nhiéu trong hinh anh va video. La b loc hitu
ich nhat mic du khéng phai 1a nhanh nhit. Bo loc hoat dong bang cach xoay
ting diém trong mang dau vao v6i mot hat nhan Gaussian va sau d6 tong hop
tat ca chung dé tao ra mang dau ra. Tic mot hinh anh dau vao duge ddi chiéu
v6i mot kernel cua Gaussian dé tao ra hinh anh duoc lam min hay mo dan.

Can xac dinh kich thudc cua kernel trude khi loc hinh anh. Do 1éch
chuan cua phan bd Gaussian theo huéng X va Y nén dugc Iya chon can than
khi xem xét kich thuéc cta kernel sao cho cic canh cua kernel gan bang 0.

—(x—p,)? + ~(-4,)

2 2
Gy(x,y)=4de 7 "
e Trong do:

(3.3)

o pla gié tri trung binh (dinh).
o o2 dai dién cho phuong sai (trén mdi bién x va y).
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‘Wi = il
Hinh 3.17: Hinh 4nh trugc khi 1am m¢ va sau khi lam mo.
Lat anh theo gwong (mirror) va xoay anh (rotate up):
Nghién ciru st dung phuong phép 1at anh dugc cung cip tir OpenCV
dé 14t mot hinh anh qua truc x hodc y cua nd.
y %
Vs

(0,02)
+Z

(0,0,0)

-X
Hinh 3.18: Khung hinh dang ¢ truc z va vuong goc
v6i hai truc x, y.
Lat mang theo mot trong ba cach khac nhau (chi sé hang va cot dua
trén 0):
e Néu chi s6 hang va cot bang 0 thi s& 14t hinh anh quanh truc
x. Lat hinh anh theo chiéu doc dé chuyén ddi giita nguén
gbc hinh anh trén cing bén trai va dudi cing bén trai.

\ ‘ ‘ ‘/
Wik - A4
Hinh 3.19: Lat hinh anh theo guong (mirror).
e Néu chi sd hang va cot 16n hon 0 thi s€ 1at quanh truc y. Lat

ngang cua hinh anh véi sy dich chuyén ngang tiép theo va
tinh todn chénh 1éch tuy¢t ddi dé kiém tra sy ddi xung truc
doc.

e Néu chi s6 hang va cot bé hon 0 thi s& ddo quanh cé hai truc
X - y. Lat dong thoi theo chiéu ngang va chiéu doc cta hinh
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anh v6i su dich chuyén tiép theo va tinh toan chénh léch
tuyét d6i dé kiém tra tinh d6i xtmg trung tam.

Iy

Wi Bie
Hinh 3.20: Xoay hinh anh quay nguoc chiéu rotate up).
Pio ngwoe mau sic (invert) hinh anh:
Vé co ban, ham Bitwise not s& dao nguoc cac gia tri diém anh. Tat ca
cac diém anh 16n hon 0 duoc dit thanh 0 va tat ca cac diém anh bé“tng 0 duoc
dat thanh 255.

w8 &
Hinh 3.21: Hinh anh trudc khi ddo nguoc mau.
Bién hinh anh thanh anh don sic (mono): diung Color space
conversion:
B9 loc dung chuyén d6i hé toa 36 mau cho khung hinh ttr luéng camera
di vao. Sau d6 khong gian mau trén khung hinh s& chuyén tir hinh v6i hé khong
gian mau BGR thanh mirc xam hay hinh tring den (B&W hay Grayscale).

Hinh 3.22: Hinh anh BGR va hinh anh sau khi duoc chuyén doi
qua muc xam (grayscale).
3.4.1.3 Xir ly ting téc do khung hinh
Pau tién dé mé camera. Sau do, bit dau mot vong lap dé 1ay cac khung
hinh tiép theo tir camera. Cac khung hinh nay s& dugc xtr Iy qua chwong trinh
nghién ciru ting fps, thé nhung OpenCV khong cho phép vira doc vira giai ma
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khung hinh trong ludng xir Iy chinh. Phuong thirc doc khung hinh tir OpenCV
12 mot hoat dong chin (blocking operation), ludng chinh cta hé théng (main
thread) hoan toan bi chin (tirc 12 bi dinh tré) cho dén khi khung hinh tiép theo
duoc doc tir camera, giai ma va lap lai.

Bang cach di chuyén cac hoat dong xuat nhap (input/output - 1/0) bi
chin nay sang mot ludng riéng biét va duy tri hang doi cac khung hinh dugc
giai mé dé co thé cai thién téc do xtr Iy FPS dang ké. Sy gia ting toc do xur Iy
khung hinh xuat phat tir viéc giam dang ké do tré, khong phai chd phuong thic
doc va giai ma khung hinh, thay vao d6 hé thong ludén c6 mot khung duogc gia
mi sin sang dé xir 1y. Dé thuc hién viée giam do tré nay, hé thdng chuyén viéc
doc va giai mé cac khung hinh tir camera thanh mét ludng hoan toan riéng biét
ctia chuong trinh, giai phong ludng chinh dé xir 1y anh thuc té.

I Back Front

k» Dequeue
Enqueue x‘

Hinh 3.23: Cau trac dir liéu hang doi va cach dir liéu méi duoc xép vao
phia cudi danh sach, con dit liéu cii hon duge xép & phia trude [59].
Cu thé hon 1a nghién ctru s& st dung ludng (threading) va ciu trac dit
liéu duy tri hang doi (queue). Va sau d6 gop tat ca lai dé hién thi ra két qua cac
khung hinh da xt ly tr trudec d6 mot cach nhanh chong va lién tuc dugce lam
méi voi thoi gian giam dén.
So db nghién ctru xtr Iy ting tbc do khung hinh.
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Camera dau vao

Hé théng xur ly

L&y khung hinh tir
camera

Hang dai thir 1 Hang dgi thr 2 Hang dai thir 3

Hién thi khung hinh 1 Hién thij khung hinh 2

Gop céac khung hinh lai va
hién thi

ey

Hinh 3.24: So d6 nghién ctru xir 1y tang toc do khung hinh.

3.4.1.4 Phat hién mau sic (detect color)

Nghién ctru xay dung phat hién mau sic gdm cic mau nhu: den, tring,
do, xanh 14, xanh duong, vang, tim, cam, xam va sit dung khong gian mau mau
HSV dé tim ra mot mau nao d6 13 vi hé mau nay rat phi hop voi muc dich phat
hién, theo ddi d6i twong theo mau sac.

Pé nghién ctru xr Iy duoc thi chuong trinh sé& 1y khung hinh tir camera
dau vao. Tiép d6, cac loai mau sic khac nhau thi s& duge ciu hinh véi cac dai
mau tuong ung nhu bang bén dudi.

Bang 3.8: Cau hinh cdc mau sac trong vung chira ma mau.

STT Mau sic

D4i mau (color gamut)
Viung ngudng thip Vung ngudng cao

1 Pen 0,0,0 180, 255, 30

2 Trang 159, 50, 70 180, 255, 255

1 Ps 0,0, 231 180, 18, 255
0, 50, 70 9,255,255
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4  Xanhla 36, 50, 70 89, 255, 255
5  Xanh duong 90, 50, 70 128, 255, 255
6 Vang 25,50, 70 35, 255, 255
7  Tim 129, 50, 70 158, 255, 255
8 Cam 10, 50, 70 24,255, 255
9 Xam 0,0, 40 180, 18, 230

Sau khi chuong trinh quét qua tat ca cac diém anh (pixel) trong &
vudng. Pén ddy, nghién ctru chuyén d6i khung hinh tir khong gian mau BGR
(OpenCV sip kénh mau theo thit tr BGR thay vi RGB) thanh khong gian mau
HSV va tao ra cac mit na cla cac diém anh mau sic. Dt tim ctia mat na 1én
trén diém hinh anh can xu ly. Thong qua bd lgc, trich rut ra cac diém lan can
v6i diém anh can xir 1y. Ap dung ham ctia mit na 1én gia trj cta cac diém anh
trong ving 14n can. Cac mit na lic ndy mang theo ca dai ngudng cuia mau sic

da duoc cau hinh cho tirng mau sac khac nhau nhu bang trén.

0 Mask - B x| Filtered - =

Hinh 3.25: Mit na mau duoc tao ra cho mau can phat hién [60].

Khi xtr 1y truc tiép hinh anh tir khong gian mau (RGB, HSV..) hoic
anh xam (gray) nghién ctru phai tiép nhan mét sé lugng 16n thong tin tir anh.
Diéu nay co thé gay khé khan cho viéc xdy dung thuat toan va lam giam tbc
d6 xtr 1y. Vi thé co mot 10p toan tr bién ddi hinh thai (morphological
transform) két hop véi phép gidn né (dilation), toan tir bitwise dé chuyén anh
dau vé khong gian anh nhj phan (chi gdm hai mau) nhdm 1am don gian héa
qua trinh xir 1y. Diéu nay ciing 1am ndi bat trong tam ddi tuong, loc bét nhidu
trong khung hinh.

Tiép theo, 14 tao dudng vién (contour) dé theo dbi tirng mau sic. Khi
nghién ctru so sanh ngudng ciia mau sic chira dudng vién c6 cac diém anh
trong 6 vudng gan giéng nhau nhat thi s& v& mot hinh chir nhat c6 duong vién
thang gan dang (hinh chir nhat nay khong chuyén dong) xung quanh khung
hinh d3 nhi phan héa. Cubi cung 13 hién thi két qua 1 tén cac mau sic sau khi
duoc phat hién.

Mot sd cac ky thuat nhi phan hoéa anh & xu ly anh co ban nhu dat
ngudng hay phat hién vién candy (candy edge detection). Nghién ctru str dung
k¥ thut dit ngudng. Muc dich chu yéu 1a lam ndi bt ving trong tim, sau khi
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lay dugc cac duong bao tir khung hinh dé so sanh cac di€ém anh voi ngudng
dai mau.
So d6 nghién ctru xtr Iy khi phat hién mau sac.

Camera dau vao

Hé théng xtr ly

L&y khung hinh tir camera

Chuyén ddi khéng gian mau clia
khung hinh tir BGR thanh HSV

Xac dinh vung ngudng
va tao mat na cho tiing mau sac

Ap dung phép bién déi hinh thai
(morphological transform),
phép gian nd (dilation) va bitwise

Tao dudng vién
dé theo déi tirng mau \

Néu ding Néu sai
¥

Hién thi cac mau sac da phat ey (o6
hién trén khung hinh e itm il e

Hinh 3.26 So db nghién ctru xtr Iy phat hién mau sic.

3.4.1.5 Phat hién ma QR (QR code)

C Finder pattern (FPI)
= Timing patterns
- Data

L Alignment pattern

Quiet zone
L~

Hinh 3.27: Kién trac ma QR [61].

M3 QR di khong con qua xa la véi tit ca moi nguoi trén toan thé gidi.
M3 QR dinh kém rét nhiéu dit liéu thong dung va dugc luu lanh khip noi tir
nhimg vat pham duoc luu trong kho, nhimg chiéc cin cudc cong dan hay
nhiing linh kién, vi x{r Iy nhé hon. Ma QR c6 thé duwoc ma hoa duéi dang nhiéu
loai bao mat khac nhau dé c6 thé hd tro viéc truy xuét dit liéu. M4 QR ciing
gitip cho céac bai toan vé& bao mat trong phan loai va luu trit duoc giai quyét
mot cach dang ké.

Khi mgt hinh chra ma QR hay hang loat ma QR trong hinh lot vao
camera thi s& duoc nghién ciru xtr 1y. Nghién ciru st dung hé théng giai ma
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Zbar dé giai ma cac ma QR. Vi téc d6 giai ma cta Zbar c6 thé noi 1a nhanh va
c6 thé dap ung duogc bai toan xtr Iy thoi gian thuc (real-time) [61].

Vi Zbar, nghién ciru s& trich xuét cac khung hinh va kiém tra cac diéu
kién nhu biéu twong, hop gisi han, hinh da giac, hudng, chat luong anh dau
vao cua ma QR.

Sau do, nghién ctru vé mot hop hinh chir nhat bao quanh ma vach duoc
phat hién va tién hanh giai ma thanh chudi "utf-8" va trich xuét loai ma vach.
Cudi 6, 1a dinh dang va hién thi ndi dung di giai ma.

So d6 nghién ctru xtr 1y khi phat hién ma QR.

Hé théng xr ly

L&y khung hinh tir
camera

11

Giaima
/ ‘ma QR

Néu dung Neu sai
|4

Hinh 3.28: So d6 nghién ctru xir Iy phat hién ma QR.
3.4.2 Phwong phap phat hi¢n doi twong
3.4.2.1 X4y dung va huén luyén mé hinh YOLOv4-Tiny
Pé huén luyén mo tinh, nghién ctru da tinh chinh mot loat cac tham )
trong file cau hinh trong t¢p YOLOvV4-Tiny nhu bang 3.9 va t€p Makefile nhu

bang 3.10.
Bang 3.9: Thong s can thay d6i trén tép cau hinh yolov4-tiny.cfg dé huan luyén
YOLOvV4-Tiny.

" Gia tri
STT Noi dung .. o 2

) Rau cu qua Mang va khong mang khau trang
1  subdivisions 64 64
2 batches 14000 6000
3 steps 11200, 12600 4800, 5400
4  classes 7 2
5 filters 36 21

Béng 3.10: Thong s6 can thay doi trén tép Makefile.
STT N¢idung Gia tri
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1 GPU 1
2  CUDNN 1
3 OPENCV 1

Ngoai ra, con c6 hai tép tin chira duong dian anh: mot phan dung dé
huan luyén train.txt chtra 80% tap dit liéu va phan con lai dé kiém tra valid.txt
chtra 20% tap dir 1iéu, cung voi té€p chira tén 16p yolo.names.

Bang 3.11: S6 luong dit lidu trong hai tép train.txt va valid.txt.

. Gia tri
STT Noi dung . N X
) Rau cu qua Mang va khong mang khau trang
1 train 555 6377
2 wvalid 138 1594
Téong 693 7971

Nghién ciru str dung mét may chi mién phi duoc cung cip tir nha
Google 1a Google Colab dé huan luyén YOLOv4-Tiny trong 12 gid va két ndi
Iru trir vao thu muc ctia Google Drive. Trong sd cac cia mo hinh Darknet
dugc luu lai trong thu muc sau luu (backup) dugc sinh ra va tu dong luu lai
sau mdi 1000 lan lap. Darknet s& tr dong lwu mé hinh t6t véi phdn mo rong
best.weights bé’tng cach dua vao hiéu suit trén bd xac thuc sau mdi chu ky.
Darknet ciing s& luu tép hudn luyén cudi cling tir qué trinh huan luyén v6i phan
tén tép co dinh dang last.weights. Sau cung, chuwong trinh huin luyén Darknet
s& chon tép weights YOLOv4-Tiny t6t nhat sau khi hun luyén.

Kién trac nghién ctru YOLOv4-Tiny cho tap dit liéu rau cu qua:

fw - ;
s, a5 @
- i? N

~

- .

(= /
O'

Hinh 3.29: Kién trac nghién ctru YOLOv4-Tiny cho tap dit liéu rau c
qua.
Kién triic nghién ctru YOLOV4-Tiny cho tap dit liéu d6i trong c6 mang

va khong mang khau trang.
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NVIDIA Jetson Nano

@_.

Hinh 3.30: Kién trac nghién ctru YOLOvV4-Tiny cho tap di liéu d6i
tuong c6 mang va khong mang khiu trang.

3.4.2.2 Md hinh YOLOV4-Tiny két hop DeepStream

Trude khi nghién ctru str dung kién tric NVIDIA DeepStream [62] voi

Tensor Cores FP32, nghién ciru nay ciing da chinh stra lai mot s thong tin can

thiét trong tép céu hinh config_infer primary.txt dé phu hop v6i moé hinh
YOLOv4-Tiny. Hon thé nita 13 khong can phai chuyén dbi tép weight ma van
c6 thé thanh chiéu dén NVIDIA TensorRT [62].

Bang 3.12: Thong sb can thay doi trén tép cdu hinh DeepStream

config_infer primary.txt.

STT N§i dung Gia tri
1 model-color-format 0
2 custom-network-config yolov4-tiny.cfg
3 model-file yolov4-tiny.weights
4 labelfile-path yolo.names
5 model-engine-file model bl gpu0 fp32.engine
6  batch-size 1
7 network-mode 32
8  num-detected-classes 2
9 Number of consecutive 0
batches to be skipped
10 TOU threshold 0.7
11 Score threshold 0.25

Kién trac mo hinh nghién ciru da dugc ting toc do xur 1y khi két hop

DeepStream.

e Kién tric nghién ctru YOLOv4-Tiny két hop DeepStream cho
tap dir liéu rau cu qua.
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Camera

. 5 @9 ¢
=X A L°

&

DEEPSTREAM

Di liéu weights YOLOV4-Tiny

Hinh 3.31: Kién trac nghién ctru YOLOvV4-Tiny két hop DeepStream
cho tap dir li¢u rau cu qua.
e Kién tric nghién cttu YOLOvV4-Tiny két hop DeepStream cho
tap dir liéu ddi trong c6 mang va khéng mang khau trang.

R

&
- .
—

—

NVIDIA

DEEPSTREAM

Z
Hinh 3.32: Kién trac nghién ctru YOLOvV4-Tiny két hop DeepStream
cho tap dir lidu d6i tugng c6 mang va khong mang khau trang.
3.4.3 Phwong phap nghién ciru nhan dang khuoén mat
3.4.3.1 Xay dung mo hinh véi thw vién face cognition va Dlib

Tao cac ma hoéa dir liu (encodings) (hay embeddings) cua cadc khudn
mat trong dir li¢u da thu thap ¢ trén.

Pau tién 1a trich xudt cac face ROIs. Pé phat hién va trich xuit cac
khudn mit co trong anh véi HOG thi hinh dnh géc s& duge chuyén thanh hinh
anh tring den dé ghi lai cic dic diém chinh cta khudn mit trén hinh anh du
bat ké do sang cua hinh anh nhu thé nao.
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HOG version of our image

HOG face pattern generated
from lots of face images

Face pattern is pretty similar to this region
of our image-we found a face!

Hinh 3.33: Hinh anh khi xtr Iy qua HOG [63].

Tiép dén, khi c6 cac face ROIs. Cac ROIS s& duoc dua qua mang no
ron dé léy cac ma hoa dir liéu. Str dung thuat todn udc tinh mbc khudn mat dé
dua ra 68 diém cu thé (hay diém méc) tdn tai trén moi khudén mat nhu dinh
cam, mép ngodi cia moi mat, mép trong ctia mdi 16ng may, v.v... 68 diém
mbc ma nay s€ xac dinh trén tat ca khuon mat.
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Hinh 3.34: 68 méc trén khudn mat tir D1ib duoc tao ra boi Brandon
Amos cia CMU, nguoi lam viée trén OpenFace [63].

Day 1a qué trinh hoc cach anh xa tir hinh 4nh khuoén mat dén khong
gian Euclide nhé gon noi cac khoang cach tuong tng truc tiép véi sb do do
gidng nhau cta khudn mit. Khi khong gian nay di duoc tao ra, cic tac vu nhu
nhan dang khuén mat, xac minh va phan cym c6 thé dé dang thuc hién bﬁng
cach sir dung cac k¥ thuat tiéu chuan v6i nhing dudi dang véc to dic trung.
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[-0.23, -0.54, ..., 0.27]

Hinh 3.35: Thu vién face_recognition tao ra véc to dic trung sd
c6 gia tri thuc 128-d trén moi khudn mit [64].

Mang no-ron hoc cach tao ra 128 phép do cho mdi ngudi mot cach
dang tin cdy. Bat ky, 10 hinh anh khac nhau ctia cing mot ngudi s& cho ra sd
do gan giéng nhau.

A single 'triplet training step:

Picture of Test picture of Another picture of
Chad Smith Will Ferrell Will Ferrell

.

128 measurements 128 measurements 128 measurements
generated by neural net generated by neural net generated by neural net

——

Compare results

¢

Tweak neural net slightly so that the
measurements for the two Will Farrell
pictures are closer and the Chad Smith
measurements are further away

Hinh 3.36: Qua trinh dao tao dé tao ra 128 phép do cho mdi
khuoén mat [63].

Dt li¢u ¢ day khong can huin luyén lai tu dau mang dé tao ma hoa ma
st dung lai m6 hinh dé tai huan luyén nham tao ra cac khudn mat nhung (face
embeddings).

Trong khi tai huin luyén s€ Iuu lai cdc ma va nhan dugc luu vao mot
tép dir liéu pickle.

Khi sir dung v61 ngudng khoang cach 0,6, mo hinh Dlib s€ dat duoc
d6 chinh x4c 1én dén 99,38%. Tiéu chuan nhan dang khuén mit LFW tiéu
chuén, c6 thé so sanh véi cac phuong phap nhan dang khudn mit hién dai khac
ké tir thang 2 ndm 2017 [65]. PO chinh x4c c6 nghia 1a khi dugc hién thi véi
mot cdp hinh anh khuén mét, cong cu s€ xac dinh chinh xac xem cdp dé thude
vé cling mot ngudi hay 1 ciia nhitng nguoi khac nhau 99,38% thoi gian.

Xéc dinh vi tri khuén mit c6 hai phuong phap khac nhau c6 thé dung
1a HOG va CNN (v61 md hinh Max-Margin Object Detection). Nghién ctru vi
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wu tién toc do xir Iy nén di sir dung md hinh HOG thay vi sir dung mé hinh
CNN dé cho két qua chinh xac hon.
CAu triic nghién ciru bao gém:

Camera: dau vao hinh anh tryc tiép & thoi gian thyc ciia mot
vi khéach chua qua xtur 1y.

NVIDIA Jetson Nano: may tinh xtr Iy voi cac thuat toan Al s€
phat hién khuon mit cta ddi tuong va xir 1y anh.

Thu vién face recognition v6i Dlib: nhan dang déi twong va
lay dix liéu tir pickle dé xir 1y hinh anh tir camera.

Dt li€u pickle: noi luu trit co sé dir 1iéu cuia nghién ctru céac
khudn mat di duoc tai huin luyén.

Két qua: hién thi thong tin vé& khuén mit cua ddi tuong da
duoc dinh danh.

NVIDIA Jetson Nano

R e i ) Dt liéu Pickle
+ Dlib .

Hinh 3.37: Kién trtic nghién ctru xr Iy nhan dang khuén mat.
Nguyén ly hoat dong:

Dit liéu hinh anh dugc chuyén tiép tir camera va phat lién tuc
video truc tiép cho dén khi két thuc tién trinh xr Iy cia nghién
ctru bang OpenCV. Sau d6, NVIDIA Jetson Nano sé& goi thu
vién face recognition voi DIib dé tién hanh xir 1y hinh anh
béng cach tai ca dir liéu da huin luyén trude do6 va dugc ma
hoa luu trir trong tép pickle.
Dit liéu s€ duoc giai ma ra va tai Ién, nhan dang khuén mat va
tra vé két qua. Tién trinh mat hon 5-20 gidy.
o Néu khuén mat trung véi dir ligu da huén luyén trudc
thi s& hién thi thong tin cta khuén mat do.
o Néu khuon mit khong tring hodc khong co trong data
training thi s€ hi¢n ra thong tin 1a “Mat khong hop 1€”.

3.4.3.2 T4i huan luyén mé hinh nhin dang khudn mit
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Thu vién face recognition dugc xay dung dua trén thu vién Dlib sé&
duoc tai huin luyén mo hinh thay vi phai huin luyén mé hinh tir dau nhu cac
m6 hinh mang khac. Téi huin luyén mé hinh dam nhan vai tro rit quan trong
trong nghién ctru. N6 s€ phan tich hinh anh dugc gui tir phia nguodi dung va
luu trit cac hinh anh sau khi da phan tich vao moét co s¢ dit li¢u r6i ma hoa dé
phuc vu cho viéc nhan dang ddi tuong sau nay.

Hoat dong: nghién ctru ¢6 2 cach dé thém dix liéu cho ddi tuong nhan
dang la:

e Thém méi truc tiép ddi tuong bang cach nghién ctu sé tién
hanh tao thu muc chura tén d6i tuong va them cac hinh anh cé
lién quan dén ddi tuong vao thu muyc vira tao. Ké do, chay lai
chuong trinh huén luyén dit liéu va tao ra mot tép dir lidu
pickle moi.

e Cap nhat lai dit lidu cho ddi twong da ton tai trong co s& dit
liu bang cach m¢ thu muc chira théng tin ctia ddi twong va
thém cac hinh anh méi nhéat vao. Tiép dén, chay lai chuong
trinh huin luyén dit li¢u va tao ra mot tép dir li€u pickle mai.

3.4.3.3 So' @6 md hinh nhéin dang khudn mit

Sau khi tai hudn luyén mé hinh thi dé tai da thiét ké mot so d6 mé hinh
nhan dang khu6én mat dé phu hop véi bai toan dat ra, cling nhu thiét bi hd tro.

Camera dau vao

Hé thdng xUr ly

Taihuan luyén

Trich xuat va
so sanh dac trung
Cac dac trung

e pia ~ . Céc dac trung
1 dif liéu huan luyén tU trusng hop kiém tra

Trich xuat cac khuén mat
trong cac thu muc

Phat hién gucng
) mat va doi chiéu \
Néu dung Néu sai

Luu dir liéu khuén
mat trong pickle

Hién thi ndi dung

¥
Hién thj ndi dung
1a tén nhan

Hinh 3.38: So dd nghién ctru x1r Iy nhan dang khuén mat.

Mat khéng hop 1é
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CHUONG 4: KET QUA THUC NGHIEM VA PANH GIA
4.1 Két qua thyc nghiém
4.1.1 Khi xir Iy ting téc do khung hinh

Két qua thuc nghiém sau khi chuong trinh thuc thi véi chie ning ting fps &
khung hinh 1280x720 thi fps dat dugc 1a 8574.0 nhu hinh 4.1.

Hinh 4.1: Két qua thuc nghiém khi xtr Iy ting FPS & khung hinh 1280x720.
4.1.2 Khi phat hién mau sic

Két qua thuc nghiém sau khi chuong trinh thuc thi véi chie nang phét hién
mau sic & khung hinh 1280x720 thi d4 phat hién dwoc cac mau sic nhu hinh 4.2.

Mull Detection Mode

Hinh 4.2: Két qua thuc nghiém khi phat hién mau sic & khung hinh 1280x720.
4.1.3 Khi xir Iy phat hién ma QR

Két qua thuc nghiém sau khi chuong trinh thuc thi v6i chie nang phét hién
ma QR va gidi ma ndi dung ma QR & khung hinh 1280x720 thi dat dugc 3fps.
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etect QR Code Mode

Hinh 4.3: Két qua thuc nghiém khi xtr Iy phat hién ma QR & khung hinh
1280x720.
4.1.4 Khi d6i twong 12 rau cii qua véi toc dd fps mic dinh 1a 30£ps.

Két qua thuc nghiém trén trén tap dir li¢u rau cu qua, tdc do fps mac dinh 1a
30fps trong khoang cach 70cm tir camera dén ddi tuong.
Bang 4.1: Két qua thuc nghiém trén trén tap dit liéu rau ca qua, voi tde

do fps mac dinh 1a 301ps.
. True False False
STT Lop Positive Negative  Positive

1  carrot 16 4 2

2 cucumber 11 9 5

3 daikon 18 2 1

4  jicama 11 9 3

5 lime 20 0 0

6  potato 18 2 1

7 tomato 20 0 0

Tong 114 26 12
Dua vao két qua danh gia ¢ trén, cac chi s6 cua mo hinh c6 thé dugc tinh

nhu sau:
.. TP 114
Prediction = = ~ 0,90 4.1)
TP+ FP 114+12
TP 114
Recall = = ~ 0,81 (4.2)
TP+FN 114426

F, = 2x Prediction x Recall % 0,90x 0,81 ~085 (4.3)

Prediction + Recall 0,90+0,81

4.1.4.1 Hinh thye nghi¢m dat dwoc khi xir 1y trén GPU khéong két hop
DeepStream
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Két qua thuc nghiém sau khi chuong trinh thuc thi véi chie nang phét hién
rau ct qud, khi xtr Iy trén GPU khéng két hop DeepStream.

Hinh 4.4: Két qua thuc nghiém phat hién rau cu qua trén GPU
khong két hop DeepStream.

4.1.4.2 Hinh thye nghi¢m dat dwoc khi xir 1y trén GPU két hop DeepStream

Két qua thuc nghiém sau khi chuong trinh thuce thi v6i chie ning phat hién
rau ct qué khi xur 1y trén GPU c6 két hgp DeepStream.

Hinh 4.5: Két qua thuc nghiém xir 1y phat hién rau cu qua trén
GPU két hop DeepStream.

4.1.5 Khi d6i twong 12 ngudi c6 mang va khong mang khéu trang véi toc do
fps mac dinh 1a 30fps

Két qua thuc nghiém trén trén tap di liéu c6 mang va khong mang khau
trang, toc do fps mic dinh 1a 30fps trong khoang cach 60cm tir camera dén nguoi.
Bang 4.2: Két qua thuc nghiém trén trén tap dit liéu c6 mang va khong
mang khau trang, voi tbe do fps mic dinh 1 301ps.

STT . True

Lép False False
Positive Negative Positive
1 face with mask 17 3 1
2 face without mask 16 4 0
Téong 33 7 1
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Dua vao két qua danh gia ¢ trén, cac chi s6 cua mo hinh c6 thé dugc tinh

nhu sau:
Prediction = L = 33 ~ 0,97 (4.4)
TP+ FP 33+1
Recall = L 33 0,83 (4.5)

TP+FN 3347
Prediction x Recall 5 0,97 x 0,83

F =2x — =2x
Prediction + Recall 0,97 + 0,83

~ 0,895 (4.6)

4.1.7.1 Hinh thwe nghiém dat dwgc khi xir 1y trén GPU khong két hop
DeepStream

Mot vai két qua thuc nghiém sau khi chuong trinh thyc thi véi chie
nang phat hién ddi twrong mang hay khong mang khau trang khi xir 1y trén GPU
khong két hop DeepStream.

Hinh 4.6: Két qua thuc nghiém khi xtr Iy trén GPU khong két hop
DeepStream khi ngudi mang khau trang ¢ xa.

Hinh 4.7: Két qua thyc nghiém khi xtr 1y trén GPU khong két hop
DeepStream khi ngudi mang khéu trang & gan.
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Hinh 4.8: Két qua thuc nghiém khi xtr Iy trén GPU khong két hop
DeepStream khi c6 mot ngudi mang khau trang va mot nguoi khong mang
khau trang.

Hinh 4.9: Két qua thuc nghiém khi xtr Iy trén GPU khong két hop
DeepStream khi ¢6 hai nguoi khong mang khau trang.
4.1.5.2 Hinh thuc nghiém dat dwoc khi xir 1y trén GPU két hop
DeepStream
Mot vai két qua thuc nghiém sau khi chuong trinh thyc thi véi chic
nang phat hién ddi twong mang hay khong mang khau trang khi xtr 1y trén GPU
c6 két hop DeepStream.

Hinh 4.10: Két qua thuc nghiém khi xir Iy trén GPU két hop
DeepStream khi c6 mot ngudi khong mang khau trang.
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Hinh 4.11: Két qua thuc nghiém khi xir Iy trén GPU két hop
DeepStream khi ¢6 mot ngudi mang khau trang.
4.1.6 Khi so sanh hién ddi twong xir Iy trén GPU c6 va khong c6 DeepStream
ho tro.
Két qua thuc nghiém khi nghién ctru xtr Iy trén GPU c6 va khong co
DeepStream h tro.
Bang 4.3: Két qua thuc nghiém trén GPU c6 va khong c6 DeepStream h tro.

STT GPU Khung hinh FPS P9 chinh xic
1 Khong két hop DeepStream 1280x720 1 85%-98%
2 Co ket hgp DeepStream 1280x720 4.6-10  85.7%-85.9%

4.1.7 Nhin dang khuén mit dat dwoc sir dung trich xuit dic trung HOG va
Linear SVM vdi tolerance la 0.6

4.1.7.1. O khung hinh 320x240

Két qua thyc nghiém sau khi chuwong trinh thye thi v6i chite ning nhan
dang khuon mat khi stir dung trich xudt dic trung HOG ¢ khung hinh 320x240
voi toe do fps mac dinh 1a 301ps, thi fps dat duogc 1a 26.074.

Face recognition Mode

¥ co_hieu
1/ :

—
I—:,J ._—,1..— i 4
Hinh 4.12: Két qua thuc nghiém nhan dang khuén mat trén

khung hinh 320x240 véi toc do 30fps.

4.1.7.2. V6i mét nhin trén nhiéu khung hinh
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Mot vai cac két qua thuc nghiém sau khi chuong trinh thyc thi véi chue
nang phat hién khuén mat trén mét 16p trén nhiéu khung hinh khac nhau, voi
tdc d6 fps mic dinh 13 30fps va ba murc sang & cac gia tri khac nhau.

Hinh 4.13: Két qua thyc nghiém khi xtr Iy nhan dang khuén mat
trén khung hinh 640x360 v&1 muc sang 0-18.
Bang 4.4: Két qua thuc nghiém khi xtr Iy nhan dang khuén mit trén cac khung hinh khac
nhau v&1 muc sang 0-18.

STT Khung Khoang FPS True False False

hinh cach (cm) datdwoc Positive Negative Positive

1 1920x1080 50-100 1-2.5 0 20 0
2 1280x720 50-100 4-5.2 0 20 0
3 960x540 50-62 6.4-7.3 0 20 0
4 720x480 50-62 9.7-15.3 0 20 0
5 720x360 50-62 10.3-16.4 0 20 0
6 640x480 50-62 9.0-14.7 0 20 0
7 640x360 50-62 7.8-16.4 0 20 0
8 480x360 50-62 8.3-16.4 0 20 0
9 320x240 40-47 18-30 0 20 0
Tong 0 180 0

Dua vao két qua danh gia & trén, cac chi s6 ciia mo hinh c6 thé
duoc tinh nhu sau:
TP 0

Prediction = =—=0 4.7)
TP+FP 040
Recall = =2 5 (4.8)
TP+FN  0+180
Fo— 2 Prediction X Recall — 2 x 0x0 0 (49)
1= Prediction + Recall 0+0 '
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Hinh 4.14: Két qua thuc nghiém khi xtr Iy nhan dang khuén mat
trén cac khung hinh 640x360 v&i muc sang 100.
Bang 4.5 : Két qua thuc nghiém khi xir Iy nhan dang khudén mit trén cac khung hinh
khac nhau v&1 muac sang 100.

STT Khung Khoang FPS True False False

hinh cach (cm) datdwgc Positive Negative Positive

1 1920x1080 50-100 2-2.6 18 0 2
2 1280x720 50-100 3-4.4 17 0 3
3 960x540 50-62 4.5-5.6 15 0 5
4 720x480 50-62 4.8-7.5 13 0 7
5 720x360 50-62 6.8-13.4 12 0 8
6 640x480 50-62 7-15.1 14 0 4
7 640x360 50-62 17-21 13 0 7
8 480x360 50-62 20-24 13 0 5
9 320x240 40-47 24-26 17 0 3
Tong 132 0 44

Duya vao két qua danh gia ¢ trén, cac chi s6 cia mo hinh c6 thé duoc
tinh nhu sau:

Prediction = —— = —22_ ~ 0,75 (4.10)
TP+FP 128+44

Recall = —— = =2 ~ 1 4.11)
TP+FN 13240

Prediction X Recall 0,75x 1

F, =2X =2 X —
1 Prediction + Recall 0,75+ 1

~ 0,857 (4.12)
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Hinh 4.15: Két qua thuc nghiém khi xtr Iy nhan dang khuén mat
trén cac khung hinh 640x360 v&1 muc sang 255.
Bang 4.6 : Két qua thuc nghiém khi xir Iy nhan dang khudén mit trén cac khung hinh
khac nhau v&1 muc sang 255.

STT Khung Khoang FPS True False False

hinh cach (cm) datdwgc Positive Negative Positive

1 1920x1080 50-100 1-2.2 20 0 0
2 1280x720 50-100 3-4.1 16 0 4
3 960x540 50-62 4-5 14 0 6
4 720x480 50-62 5-6 14 0 6
5 720x360 50-62 54-7.2 15 0 5
6 640x480 50-62 4.8-7 16 1 4
7 640x360 50-62 5-11 16 3 6
8 480x360 50-62 12-16 16 1 4
9 320x240 40-47 18-24 16 1 6
Tong 143 6 41

Dua vao két qua danh gia ¢ trén, cac chi s6 cua mo hinh c6 thé dugc
tinh nhu sau:

Prediction = —— = 2 ~ 0,777 (4.13)
TP+FP  143+41
Recall = —— = == ~ 0,96 (4.14)
TP+FN  143+6
Prediction X Recall B 0,75 x 0,978

F, =

8 =X e oo 4.15
: Prediction + Recall 2 0,75 + 0,978 0,859 (4.15)

4.2 Danh gia
4.2.1 Két qua dat dwoc

So do két qua sau mdt qua trinh dai cia luan van.
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Camera Tin hiéu anh
Logitech C922 . N
Anh lién tuc

YOLOv4-Tiny (face_recognition

Coéng cu
Camera
Control V2020

NVIDIA
Jetson Nano
sé héa anh

Ludng camera

D{ liéu anh

Nén, luu trit
va truyén anh

AP Zbar... APl OpenCV

+Deep$tr§am + Dlib Phat hién QR, XU ly anh
Phat hién Nhan dang mau sic, (brightness,
déi tugng \_ khuén mat tang FPS contrast,...)

Hinh 4.16: Két qua dat duoc cta nghién ctru.

Dua trén cac bang s6 lidu két qua o trén da nghién ctru dugc. Voi thiét bi
NVIDIA Jetson Nano két hop véi Camera Logitech C922 Pro Stream thi nghién
ctru khuyén khich dé t6i wu nhit cho nghién ciru xir 1y va co thé dat dugc toc do
quét tdi da cho:

e Hang muc nghién ciru phat hién ddi tuong, ting tbc do khung hinh,
phat hién mau sic, phat hién ma QR nén st dung & do phén giai
(resolution) 1280x720 hay bat ky kich thudc khung hinh nao dé toi
vu cho viéc hién thi vi toc do xir Iy khong thay doi.

e Hang muc nhan dang khuén mat, nén st dung ¢ d6 phan giai
(resolution) & 320x240 vé6i sang mic dinh 14 100 hodc mirc sang tbi
da 14 255 trong khoang céach tir 40cm dén 100cm dé co thé cho ra két
qua chinh xac va toc d6 xir 1y cling duogc tdi vu.

Dtr ljéu dao tao Phl‘l hop c6 thé 1a mot phan quan trong trong qué trinh huén
luyén dé dat duoc két qua ly tudng.
4.2.2 Danh gia m6 hinh thyc nghiém.
4.2.2.1 Phat hién ddi twong
Tir cac két qua danh gia & trén cua hai tap dit liéu, nghién ctru di co
thé dy doan duoc nguyén nhan din dén nhitng sai s6 cia mé hinh:

e Khi d6i tuong dugc quét vao camera thi kich thudc cua ddi
tuong nho hon so véi kich thude anh duoc huén luyén hodc anh
dau vao 1én hon anh duoc huin luyén.

e M5 hinh nhan dang bi kém va dan dén sai 1a do c6 mot vai 16p
bi dit liéu bi han ché.

e Bén canh do, ciing c6 han ché tir mé hinh YOLOv4-Tiny. Vi
YOLOvV4-Tiny 1a m6 hinh rat gon cia mé YOLOvA4.

e Nghién ctru cling st dung DeepStream dé tham chiéu va goi
truc tiép kién tric TensorRT nén ciing anh hudng mot phan.

4.2.2.2 Nhan dang khuén mat.
Tir cac két qua danh gia ¢ trén cta tap dir liéu v6i cac khung hinh khac
nhau, mirc sang khac nhau, khoang cach khac nhau véi ciing toc do fps; nghién

C) Bao Hiéu - M3718007 | 2022 76



Dé tai: ) Giang vién huéng dan
Xay dung cong cu phat trién ung dung cho cam bién may anh ty dong TS. Lam Hoai Bao

clru d3 c6 thé du doan duoc nguyén nhan dan dén nhiing sai s6 cia mé hinh
nhu sau:

e Khi dbi twong dugc quét vao camera thi kich thude cta dbi tuong
nho hon so véi kich thuée anh duoc huin luyén hoac anh dau
véo 1én hon anh dugc huin luyén do ti 1€ khung hinh dugc cai
dit ngay luc dau vao.

e Mo hinh khong thé nhan dang dugc khuén mat chinh xac néu
mot khuon mit nhin vé cac hudng khac nhau hay cac goc khac
nhau so voi camera ma khéng quay vé hudng chinh dién (huéng
nhin thing vao camera) vi mé hinh st dung nhan dang khuén
mit chinh dién 2 chiéu.

e Mo hinh d& nhan dang nham v&i cic khudn mat co quan hé huyét
thng trong gia dinh vi tip dir liéu st dung cac khudén mit co
quan hé trong gia dinh véi nhau 13 chi yéu.

e V61 muc sang khac nhau thi d¢ chinh xac cia mo hinh phat hién
khuon mat cling khéc nhau.

e Vi khoang céch khac nhau va khung hinh khac nhau thi cling
anh huong dén mo hinh va lam cho mé hinh phat hién chinh xéac
hoac phat hién sai.

Mo hinh s& hoat dong tot trong mdi trudng anh sang day du, mirc sang
& cau hinh mic dinh va khoang cach dit vi tri camera trong pham vi nghién
ctru & trén thi két qua s& cho do chinh xéac s& dao dong trong khoang 85,7% -
85,9% va nhan dién dugc khuon mat it bi sai xot.

4.2.3 Panh gia chung

Nghién ctru vé quan 1y camera van chua dat dén hiéu qua tdi vu nhét cho
chuong trinh nghién ctru. Nhitng su ¢b vé viéc doc dit liéu camera tir méy tinh dan
dén gian doan hé thong 1am cho nghién ciru khong thé tinh chinh dwoc hinh anh.
Bén canh d6, van con kha nhiéu 15 lién quan dén viéc xtr Iy hinh anh, xir Iy khung
hinh, xtr 1y cac bo loc.

Nghién ctru chua ti wu dugce camera vé dudng truyén tin hiéu, do nghién ctiru
sir dung usb camera gan ngoai ma khong dung MPI CSI camera do téc do truyén
tai cua usb c6 gioi han.

Nghién ctru xtr Iy phat hién mau sic phat hién khong chinh xac mau séic khi
& cac diéu kién 4nh sang khac nhau.

Nghién ciru quét ma hay phat hién ma chi hién thi rdi bién mat tirc thoi.

OpenCV c6 thé néi 1a thu vién tuyét voi trong qua trinh nghién ctru, pht hop
vO1 hé théng nhung v6i hi¢u suét cao, hiéu qua, chét luong hién thi hinh anh sic nét.
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CHUONG 5: KET LUAN VA HUONG PHAT TRIEN

5.1 Két luan
5.1.1 Tong két

Nghién ctru da mang tao ra chuong trinh xtr 1y thudt toan Al vao may tinh
nhung. Qua d6, tao ra mot chuong trinh khai thic may tinh ¢& nhé nhung van co6
thé chay duoc céc thuat toan ML hay DL c6 ho tro GPU.

Mic dui nghién ciru con nhiéu nhuge diém vé tinh bao mat, d6 chinh xéc, do
nhay, v.v.... Bén canh do, nhitng ¥ tudng ctiia nghién ctiru ngay cang duoc hoan
thién hon trong twong lai gan. Mic du, nghién ctru hién tai chi méi 1a budc dau
trong viéc tao dung mot chuwong trinh ¢6 kha ning tich hop nhiéu thuat toan Al va
cling nhu nhiéu bai toan xr 1y hinh anh va dat dén su 6n dinh.

5.1.2 Uu diém

Nghién ctru tap trung vao xu ly camera va ap dung cac mo hinh mang cua tri
tué nhan tao vao trong phan ctng thiét bi nhing voi gia thanh ré ma van co thé xu
ly cac thuat toan AI nhu phat hién d6i tuong v6i YOLOv4-Tiny két hop véi
DeepStream c6 thé phat hién cac vat thé c6 kich thudc nhé ¢ gan camera, dinh danh
khudn mit véi face recognition va dlib nhanh nho vao sir dung trich xuat dic HOG
v6i Linear SVM, quan 1y camera hi¢u qua vai OpenCV, v.v...

NVIDIA Jetson Nano 1a mét thiét bi hd tro hitu ich cho céac ung dung tién tién
doi hoi strc manh xtr 1y véi hé sinh thai phat trién manh m& cua NVIDIA va di kém
theo diéu d6 1a su hd tro tir cong dong nguodi dung cua NVIDIA.

5.1.3 Nhwoc diém

Mot vai tinh niang ma nghién ctru chua thé tich hop vao chuong trinh, ma
phai chay r0i rac do nhiing tinh ning nay duogc viét dudi dang timg mo-dun riéng
1€.

Nhiing tinh ning ma nghién ctru da x4y dung ciing nhu thir nghiém van chua
thuc su hoan thién van con nhiéu 16i va do 6n dinh van chua duoc 6n dinh khi hoat
dong.

Hiéu suét cua chuong trinh nghién ctru ciing bi phu thudc vao thoi tiét néu
st dung thiét bj ngoai troi hay nhiét d6 phong do quat lam mat cta phan cing co
gi61 han.

Ngoai nhiing diéu trén, nghién ctru ciing bi gidi han khi giai quyét cac bai
toan Al nhu hinh dang, van tdc, khoang céch, v.v... khi phat hién cac loai dbi tuong
hay nhan dang khuén mat.

Camera khong thé khoi phuc lai cai dit ban dau khi thay ddi cac chuce ning
nhu tdng giam d§ sadng, do bao hoa, v.v... ma phai can dén viéc khoi dong lai ca
nguyén mot thiét bi may tinh.
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Nghién ctru xir ly hinh anh van chwa hoat dong dugc hét hoan toan, thi thoang
van gip su c¢b khong thay doi duoc.

Nghién ciru ting tdc khung hinh chua c6 tin dung duoc dé t6i vu cac hang
muc nghién ciru khac mat du két qua mang lai rat noi troi.

Nghién ctru nhan dién mau sic van chua nhan dién chinh xac mau.

Nghién ctru quét ma hay phat hién ma QR van chua c6 thé luu lai ndi dung
da quét duoc vao mot sb tép luu trit bit ky trén may tinh.

Chét lvong nhitng video chat lugng ¢ dau vao s& duoc quyét dinh voi phan
cting camera khi cdm vao.

Diéu kién anh sang bj thiéu sang hay anh sang qué sang ciing anh hudng dén
chat luong video dau vao va s& 1am cho chuong trinh nghién ctru khong thé nhan
dang chinh xac.

Khoang cach ddi tuong ¢ xa hay gan ciing anh hudng két qua chinh xac hay
it chinh x4c, thAm chi 12 khong thé nhin dang duoc ctia chuwong trinh nghién ciru.

Nhirng dbi tuong mang khéau trang nhu hoc sinh, sinh vién, hanh khéch, bénh
nhan, cong nhan vién, hay nguoi binh thuong véi hinh dang ciia chiée khau trang
v6i mot thiét ké méi hay chua c6 trong dit liéu huan luyén ciing s& lam cho chuong
trinh nghién ctru khong thé nhan dang duoc.

Nhitng d6i twong nhu rau cu qua véi kich thude di thudng hay mau sic khac
nhau hodc chua c6 trong dit liéu huén luyén ciing s& 1am cho chuong trinh nghién
cuu khong thé nhan dang duoc.

Chuong trinh nghién ciru s& khong nhan dang dugc néu ¢ vat hay ban tay
ngudi ¢ tinh che lai camera.

Két qua thyc nghiém cta nghién ciru xir Iy phat hién ddi twong trén GPU véi
su ho tro tir DeepStream thi van chua hién thi duoc do chinh xac nhu két qua thuc
nghiém khi xu ly trén GPU.

Viéc dung kién tric DeepStream dé tham chiéu truc tiép dén kién triic
TensorRT cling da 1am giam d¢ chinh xac cia mo hinh.

Nhéan dang khuon mét con ton tai hang loat cac vén dé sau:

e Thi thoang, chuong trinh nghién ctru khong thé quét hét tit ca cac
khudn mat do han ché cua camera, cling nhu khong thé phat hi¢n
nhirng khuon mat ¢ qua xa camera.

e Chuong trinh nghién ctu kh6 nhan dang dugc khuén mat néu mot
khuon mit dang quay vé hudng khong chinh dién (hudng nhin thang
vao camera) ma nhin vé cdc hudng khac hay trong diéu kién anh sang
kém.

e Tim ra dic trung duy nhat ctia khuén mit dé phan biét moi nguoi voi
nhau néu nhu nguoi do bt mot s6 su ¢b trén khudén mit nhu: mét to hay
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nhd hon sau khi di thic day hay c6 deo len hodc bi tai nan, mat day
hay nho khi ho trang diém (t6 khéi trén khuon mit) hay di phau thuat
thaim my vé va khac hon so v6i mau huin luyén chua duogc cap nhat
lai...

Chuong trinh nghién ctu khé nhén dang cac khuon mat khi nguoi do
cb tinh dung cac chau cay dé che khudén mit, mang mét kinh c6 mau
khac mat kinh trong sut (hodc mau tring trong), hay c6 tinh che lai
camera bang bt ctr vat thé nao hay bang ban tay.

Két qua thyc nghiém khi xtr Iy nhan dién khuoén mét van chua hién thi
dugc do chinh xac nhu nhitng mo6 hinh nhan dién khuén mat khéc.
Mo hinh st dung trich xuét dic trung HOG va Linear SVM dan dén
viéc 1am cho két qua nhan dang co thé it chinh xac hon mo hinh st
dung thuat toan CNN.

Khuon mit khi xuat hién, hudng xuét hién cta khudn mit khac véi vi
tri ddt camera giam sat hay goc ddt camera hoac do khuén mat da dugc
t6 khoi trang diém. Tir 46, dan dén mot vai thanh phan nhu trén khuén
mat nhu: mét, mili, miéng co thé bi che khut hodc anh chup bi bién
dang do goc chup lam anh huong dén két qua va giam di kha ning
nhan dang chinh xac khuon mat.

Goc chup cta camera rat quan trong vi nd quyét dinh pham vi nhan
dang ddi tuong ciing nhu khung hinh chtra khuén mit khi chup.
Khudn mit xuét hién trong khung hinh bi che khuét bai mot sb vat thé
hodc mot hay mot vai ddi tugng khéc ciing sé& 1am cho chuong trinh
nghién ctru khong thé nhan dang duoc hay nhéan dang sai.

Cam xuc va biéu cam trén khuon mit khi xuat hién trong khung hinh
cling anh hudng 16n dén viée rat trich dit trung tir khubén mit.

Hinh anh trong diéu kién thiéu anh sang hoic thira 4nh sang s& kho
tranh dugc sy anh hudng 16n dén viéc rat trich dat trung va nhan dang
so voi hinh anh ¢ diéu kién anh sang vira phai.

Camera v6i d6 phan giai cao s& cho ra nhirng hinh anh véi chit luong
cao va nguoc lai camera voi chat luong thap s& 1am cho hinh anh chi
dimg lai & chét luong thip. Nhitng hinh anh & chét luong cao, chét
luong t6t & dau vao s& 1am cho viéc nhan dang d& dang hon. Con nhitng
hinh anh chit luong dau vao thip, mo, v thi s& anh huong dén viée
chuong trinh nghién ctru khong nhan dang dugc hay nhan dang sai.

5.1.4 Nhirng dong gop maoi
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Nghién ctru da xay dyng mot thiét bi nhiing NVIDIA Jetson Nano tir nhiing
tinh ning co ban cho dén viéc ap dung cac thuat toan cao cip tir Al vao nghién ciru
va thuc nghiém.

Nghién ctru tich hop nhiéu tmg dung nhé va xu 1y dé tao ra mot tng dung
téng hop phuc vu cho viéc quan 1y camera va quan Iy GPU trén may tinh dé xu Iy
cac thuat toan Al ¢ thoi gian thuc.

Nghién ctru ciing toi vu hoa tée d6 xir Iy giai quyét cac bai toan dung ML hay
DL v61 cac hang muc nghién ctru phat hién doi tuong va nhan dién khudén mét du
tdc d6 cai thién khong dang ké.

Nghién ctru c¢6 thé mé ra nhiéu hi vong cho viéc st dung nhirng thiét bi nhung
dﬁy strc manh tir hé sinh thai cia NVIDIA.

5.2 Huéng phat trién

Nghién ctru s& phat trién thém mot s bo loc dé xir Iy HDR cho hinh anh.

Nghién ctru s& hién thi dugc do chinh xac (accurracy) trong hai hang myc nghién
ctru 14 phat hién ddi tegng va nhan dang khudn mit.

Chuong trinh s& chay da tac vu (multiple threads), tach tién trinh (process) xu 1y
camera riéng biét ra vé6i cac tién trinh khac dé chay ngam va c6 thé chuyén ddi lién tuc
muot ma.

Chuong trinh s€ duogc tich hop thém hé quan tri co sé dir licu (MySQL, MongoDB
hay MindsDB) dé luu trit nhirg dit liéu can thiét cho viéc sir dung hay tai huin luyén
dir liéu cii va dir li¢u ma1 hodc luu trir cac ndi dung da quét duge hay phat hien ma QR
hay luu céc dit li¢u cho cac hang muc nghién ctru khac.

Nghién ctru s& c6 thé cho phép cac thiét bi camera gin vao va ty dong nhan cac ciu
hinh ¢6 lién quan dén camera.

Nghién ciru s& hd trg nhiéu thiét bi camera chay cing mét thoi diém va xir Iy cung
lac. Nghién ciru s& toi uu véi camera MPI CSI hd tro cam bién IR (cong nghé quét do
sau cua hinh anh) hay camera cam bién nhiét d6 hodc camera c6 d6 nét cao dé nhan
dang hay phat hi¢n muc ti€u tang do chinh xac.

Nghién ctru vé thu phong hinh anh s& duoc cai thién vé chat lugng hinh anh.

Nghién ctru vé phat hién mau sic s& duoc téi wu do chinh xac v6i thuat toan KNN.

Nghién ctru vé ma QR s& tién thém mot bude nita, véi viée c6 thé 4n vao dudng dan
truy cap va hién thi duong dan dé trén trinh duyét web khi 4n vao ndi dung ma ma QR
da phat hién ra hay quét duoc.

TAt ca cac hang muc nghién ctru s€ dugc tang tdc do khung hinh dé cai thién vé tdc
d6 FPS va tdi vu hiéu suit.

Chuong trinh s& duoc quan 1y tot hon trén mot img dung tir thiét bi dién thoai thong
minh c¢6 hé diéu hanh Android hay iOS.
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Nghién ctru v6i hang muc phat hién dbi twong 14 rau cii qua s& dugc tién hanh phan
tiép theo véi dau bép Al voi phan viée cung cip co sé dit liéu chira cic mon an, nguyén
lidu, cach ché bién va tich hop xur Iy ngdn ngit ty nhién (Natural Language Processing -
NLP). Viéc tich hop thém xir Iy ngén ngit tu nhién va dic biét 1a xu 1y tiéng Viét vao
muc dich phat hién giong noi khi gia cht hay dau bép nau an khong chuyén nghiép mudn
yéu cdu ndu mot moén an nao do. Tiép d6, dau bép Al s& tra 101 va hién thi tit ca cac mén
an nay 1én ung dung hay trén trinh duyét trén dién thoai c6 hé diéu hanh Android hay
i0S.

Nghién ctru v61 hang myc nhan dang sé dugc cai thién vé co s& dir liéu va c6 thé
duogc tich hop sdu vao nhitng hé thdng diém danh cho hoc sinh, sinh vién hay hé théng
chdm c6ng nhan vién hodc s& duoc tich hop vao nhirng cira ra vao cho cic néng trai,
trang tai hay nhiing noi can khéa bao mat it an toan, d& dang thi cong, dé st dung va tiét
kiém.

Nghién ctru s& dung m6 hinh mang Swin Transformer, m6 hinh mang YOLOvV6 hay
moO hinh mang PP-YOLOE vao hang muc phat hi¢n doi tuong hoac cai tién lai thuét toan
cia mo hinh YOLOv4-Tiny.

Céac hang muc viét roi rac dudi dang mo-dun sé duogc két ndi vao chuong trinh
nghién cuu.

Céc nghién ciru vé thiét bj nhung nhu NVIDIA Jetson Nano s& duoc tich hop véi
flycam hay drone dé giai quyét cic bai toan phat hién va nhan dang nhiing muc tiéu &
xa hon.
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