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NHAN XET CUA GIANG VIEN




ABSTRACT

The NVIDIA Jetson TX2 was known as an ideal embedded GPU system. For the
inspection the abilities of this system. Combine with deep-learning algorithms win YOLO
recognition models. After a brief of object recognition was presented basically. This project
deployed an object recognition applicaiton by using YOLO on Jetson TX2. Processes was
tracked that involve in figure of hardware elements. The experimental results show that
Jetson TX2 with Max-N has a good performance with acceptable statistics. Furthermore,

proposal for enhancing factors forward to better result in reality applications.
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LOI CAM ON

Hoc tap 1a qua trinh tim toi kién thitc va rén luyén ban than khong ngiing. Trong sudt
qué trinh hoc tap va hoan thanh dé tai thuc tap, em da nhan dugdc sy giup dd tit cac thay
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su6t thoi gian sinh hoat tai phong lab.

Em chan thanh gii 16i cAm on dén gia dinh vA ban be da luon 6 bén canh va dong

vién em trong suét thoi gian qua.
H6 Chi Minh, ngay 10 thang 07 nam 2019

Sinh vién thuyc hién

Nguyén Hoai Nam

il



Mvuc LucC

[l Nhan dang vat thé
[1.1 Baitoan nhan dang vat thel . . . . . . . . ... ... ... ...
[1.2  Baitodn do tim vat thel . . . ... .. ... ...
[1.3 Tién trinh nhan dang| . . . . . . . .. ... ...
[1.4 Céc ky thuat nhan dang khac . . . . .. .. .. ... ... ... ... ...
(1.5 Pham vitng dung . . . . . . . . . ...
[2 Tong quan vé Jetson TX2|
2.1 Gidi thieu vé Jetson TX2. . . . . . . .
2.2 Pham vi tng dung| . . . . . . . ...
(2.3 Tinh hinh phat trién trong nuéc . . . . . . . . ... ...
[2.4 Tinh hinh phat trién trén thé gidi| . . . . . . . . . .. ... ...
I3 Téng quan mé hinh YOLO|
[3.1 YOLO - You Only Look Once| . . . . . . . .. ... ... ... ... ....
B2 Hammatmatl . ... ... ...
B.3 Dacdiem| . ... ...
4 Xay dung mé6 hinh Yolo trén Jetson TX2|
.1 Caidat hedieuhanhl . . . .. ... L
M1 Chuan bil. . . . ..o
M2 CAldat] .. ..o oo
M.1.3 Két ndi phan ctingl . . . . . . . ..
4.2 Caidat kernell . . . . . . .
4.3 Cai dat thu vien OpenCV] . . . . . . .. . ...
M4 Xay dung mo hinh YOLO| . . . . . . .. . . ... ... ..
M5 Danh gia két qual . . . . . . ..
4.6 Dinh huéng cai thien| . . . . . . . . . .. ..
KET LUAN . . ..o
[Tai licu tham khéo| . . . . . .. ...

v



THUAT NGU VIET TAT

Tu Viét Tat Tiéng Anh

Al Artificial Intelligence

WLAN Wireless Local Area Network
UAV Unnamed Aerial Vehicle FFT

Fast Fourier Transform

SAE Society of Automotive Engineers
FIFO First In First Out

DL Deep Learning

RCNN Region Convolutional Neural Network
SSE Sum Square Error

L4T Linux for Tegra

RGB Red Green Blue



DANH SACH HINH VE

2.1 Board mach nhiing NVIDIA Jetson TX2|. . . . . .. .. .. .. ... ... 4
2.2 Ung dung trong méy bay khong nguoi 1ai [19] | . . . . . . .. ... ... .. )
2.3 Ung dung trong mo hinh xe |12 [‘6 ...................... 5
24 Xetyhanh cta FPT [4][3]| . . ... ... ... .. ... ... ... .. .. 6
2.5 Cudc thi "Xe twhanh" [3]|. . . ... . ... ... ... 7
2.6 Cuoc thi NVIDIA Al City Challenge [14]| . . .. ... ... ... ..... 8
.1 Criiaso cai dat Jetpack| . . . . . . ... 16
KM.2 Cita so tuy chon vi trf file lwa| . . . . . . .. ... . ... 16
4.3 Ciia s6 tiy chon moi truong cai dat| . . . . . . . . .. ... 17
M4 Ciitaso tiy chon cong cul . . . . . . . .. 17
4.5 Xac nhan diéu khoan va ban quyen| . . . . . ... ... 18
4.6 Yeu cau xac thuc dé cai dat cac géi phan mem|. . . . . . . . ... ... .. 18
.7 Hoan tat qua trinh cai dat| . . . . . . .. .. 19
M.8 Tuy chon layout | . . . . . . . . ... 19
4.9 Tuy chon tén Interface] . . . . . . . . .. ... 20
[4.10 Xac nhan tién trinh cAi dat] . . . . . ... 20
M.11 Két ndi cac thanh phan|. . . . . . . . .. . ... 21
M.12 Tién trinh cai dat| . . . . . . . ... 22
M.13 Két thic cai dat]. . . . . . . . .o 22
.14 Tai xubng thu muc cai dat| . . . . . . .. .. ... ... 23
.15 Giao dien quan Iy driver] . . . . . . . .. ... 24
.16 Tai xudng gbi cai dat | . . . . . . ... 25
K17 Tién trinh cdi dat| . . . . . . .. 25
.18 Giao dien quan Iy packages|. . . . . . ... ... ... 26
.19 Khéi chay chuong trinh|. . . . . . . . .. ... 26
.20 Két qua hien thil . . . . . . . . . ... .. 27
4.21 Mot trong cac ché do hién thil . . . . . . . . ... ... 27
.22 Trang thai GPU|. . . . . . . . . . . . 28
14.23 Tai xudng source darknet|. . . . . . . ... 28

vi



DANH SACH HINH VE

4.24 Dieu chinh tép Makefile| . . . . . . . . ... 29
4.25 Xay dung mo hinh darknet | . . . . ... L 30
.26 CAu hinh thong s | . . . . . . . . . . ... . 31
14.27 Nhan dang doi tugng trong video [29] | . . . . . ... ... ... ... ... 31
4.28 Két qua nhan dang (1) | . . .. . ... ... ... ... ... ... 32
K.29 Két qua nhan dang (2) | . . . . . . . ... 32
.30 Két qua nhandang (3)| . . .. ... ... ... . ... ... ... ... . 33
.31 Trang thai hoat dong cia GPU | . . . . . . . . .. ... ... ... ... .. 33

Nguyén Hoai Nam D15CQVTO1 Trang vii



DANH SACH BANG

2.1 Két qua so sanh trén 3 doi tugng [22] . . . . . . ...

4.1 Danh gia két qua mo hinh YOLO trén Jetson TX2[ . . . . . . . ... ...

viil



LOI MO DAU

Cach mang cong nghé 4.0 d& mé ra cac xu hudng cong nghé méi nhu Internet of
Things, drone, machine learning va Al. Viéc ing dung cac cong nghé méi vao trong cudc
song sé gitip gia tang hiéu qua va cai thién cuoc séng ciia ching ta.

Trong cudc song ngay nay, tri tué nhan tao dude ting dung rong rai, dan len 16i vao
cudc song clia chung ta. Al hd trg cuoc séng clia con ngudi trong hau hét cac ing dung
thuong ngay. Tt d6, xuat hién s6 lugng 16n cac mo6 hinh phan mém ciing nhu phan ciing
g6ép phan vao su phét trién clia cac ing dung tri tué nhan tao. Mo hinh Yolo 1a mé hinh
phd bién trong nhan dang vat thé cho cac tng dung hoc sau. Song song theo dé, céc he
théng nhing hd trg manh mé trong viec xtt 1y cac tac vu lien quan dén hoc may, tieu biéu
12 mach phat trien NVIDIA Jetson TX2.

Dé c6 mot cai nhin tong quan va cu thé nhét, trong dé tai nay, em sé tap trung nghien
cttu mo hinh nhan dien vat thé Yolo, dong thai tim hiéu phuong thic hoat dong ciia mo
hinh nay trén mach phat trién Jetson TX2, kiém thtt mo hinh nhan dang YOLO trén
mach NVIDIA Jetson TX2.

Noi dung dé tai bao gom 4 chuong:

Chuong 1: Nhan dang vat the

Chuong 2: Tong quan vé Jetson TX2

Chuong 3: Tong quan vé mo6 hinh nhan dien YOLO

Chuong 4: Xay dung mo hinh Yolo trén Jetson TX2

1X



CHUONG 1

NHAN DANG VAT THE

1.1 Bai toan nhan dang vat thé

Nhan dang vat thé 13 mot cong nghé trong khoa hoc may tinh vé6i muc dich nhan dang
ddi tugng trong hinh anh hoac video[11]. Nhan dang vat thé 1a mot ngd ra chinh clia cac
thuat toan trong hoc may ciing nhu hoc sau. Mat nguoi khi quan sit mot tam anh hay
mot video, c6 thé nhanh chéng nhan ra cac déi tugng cu thé hay chi tiét hon. Véi muc
tieu day cho méay nhan biét duge nhu con ngudi, dat duge mic hiéu biét vé déi tuong cé
trong anh.

Nhan dang vat thé 13 mot cong nghé chinh trong ting dung xe khong ngudi 14i (self-

driving car). Ung dung rong rai trong nhan dang trong cong nghiép, y té va robot.

1.2 Bai toan do tim vat thé

Do tim vat thé va nhan dang vat thé 1a hai ki thuat tuong tu nhau, tuy nhién do
phtic tap trong xtt 1y lai khac nhau. Do tim vat thé 1a mot tién trinh trong viec tim kiém
trong truong hop vat thé cé trong anh. D6i véi hoc sau, do tim vat thé 1a mot tién trinh
con clia nhan dang vat thé, khong nhitng nhan dang déi tugng ma con 1a vi tri cia doi
tuong nay. Cho phép nhiéu déi tuong duge nhan dang va nhiéu vi trf ctia déi tugng trong

cing mot anh.

1.3 Tién trinh nhan dang

Chiing ta nghe nhiéu dén Machine Learning v Deep Learning, ki thuat nhan dang

vat thé trong hai khai niém nay ciing khéac nhau.

e Ddi véi Machine Learning, bat dau véi tap cac hinh anh, tién hanh trich xuat nhiing
diic tinh noi bat. Céac dac tinh dude dua vao mo hinh hoc may, tai day, cac dac tinh
dugc phan loai duge sit dung dé phan loai va nhan dang. C6 nhiéu thuat toan cho

viéc trich xuat dic tinh ddi tugng tity vao muc dich clia céc ting dung.



CHUONG 1. NHAN DANG VAT THE

e Deep Learning duge biét dén v6i mang than kinh (Neural network) duge ding dé
tu dong hoc két hop véi cac dac tinh dé xéc dinh duge déi tugng. Co 2 hudng tiép
can véi ki thuat nhan dang trong Deep Learning gom: Huan luyén mo hinh tit ban

dau va stt dung mo hinh huan luyén san.

Khi k¥ thuat nhan dang trong Machine Learning dudc st dung phd bién cho cac tng
dung don gian khi dé dang biét dugc dic tinh cac déi tuong. Trong khi d6, doéi véi Deep

Learning thi k¥ thuat nay yéu cau cau hinh do hoa (GPU) manh mé trong huan luyén.

1.4 Cac ky thuat nhan dang khac

Template matching va Image segmentation la hai ky thuat co ban trong nhan dién vat
thé. Template matching st dung hinh anh kich thuéc nhé dé nhan dang thong qua khu
vife trong anh 16n. Image segmentation sit dung nhiing dac tinh co ban vé kich thuéc,
mau va hinh dang dé nhan dang.

Cac thu vien thudng duge sit dung chinh trong cdc mo hinh nhan dang c6 thé ké dén
gom OpenCV trong cac ting dung Machine Learning va Tensorflow trong Deep Learning.
Cac thu vien hd trg cong cu va céc chiic niang chuyén déi trong cac mo hinh dic trung

cho tung ky thuat.

1.5 Pham vi ting dung
Nhan dang vat thé duge tng dung trong nhiéu linh vic quan trong:
e Tién trinh quan trong trong ting dung xe ty hanh.
° Ung dung nhan dién khuon m#t trong bao mat, an ninh.
e Cong nghé Robot nhan dién.
e Ung dung phan loai déi tuong.

e Nhan dang ngon ngit chit viét.

Nguyén Hoai Nam D15CQVTO1 Trang 2



CHUONG 2

TONG QUAN VE JETSON TX2

2.1 Gié6i thiéu ve Jetson TX2

Jetson TX2 [5] 14 mot board phat trién, day la may tinh nhing Al tdc do cao, tiéu
thu nang lugng thap. Siéu mAy tinh nay c6 mic tiéu thu dién ning 7.5 W tinh toan trén
Al cho phép mach chay véi cac hé thong than kinh nhan tao sau hon va 16n hon, gitp
cho cac thiét bi sé thong minh hon véi sy chinh xac cao hon va thoi gian dap ting nhanh
hon trong cac tac vi phan loai hinh anh, dan dudng hay nhan dang tiéng néi. Jetson TX2
thuoc dong dién toan nhing (embedded computing), day 1a mot nén tdng md cho phép
kha ning phét trién céc giai phap Al hién dai & edge — tit cic cong ty kinh doanh, khéi
nghiép dén viéc nghién cttu, hoc tap.

Thong s6 phan ciing clia Jetson TX2 gom:
e Xay dung tréen NVIDIA PASCAL - ho GPU véi 256 nhan CUDA [16][24].

e Cau tric NVIDIA Denver 64-bit (dual-core) 2GHz va CPU ARM Cortex-A57 (quad-
core) 2GHz.

e 8 GB RAM LPDDRA4 véi bang thong 59.7 Gb/s, 32 GB bo nhé Flash.

e Hb tro WLAN chuén 802.11ac va Bluetooth 4.1, Ethernet 1 Gb.

Trai tim cta Jetson TX2 Developer Kit chinh la bo xit Iy di dong Tegra X2, 1a chip di
dong 256 nhan ctia NVIDIA, dude xay dung dua trén kién tric NVIDIA Kepler, 1a GPU
hiéu qua vé dien ning nhat hien nay. Toan bo 256 nhan c6 thé lap trinh duge ciia Tegra
X2 mang lai nang lyc tinh toan va xit Iy do hoa manh mé cho cac thiét bi di dong. Bo xit
ly Tegra X2 dudc xay dung trén kién tric Kepler, cling 1a kién tric diing trong cac siéu
may tinh.

Nén tang Jetson TX2 ho trg bo cong cu NVIDIA VisionWorks, 1& bd cong cu c6 tap
thuat toan xt Iy hinh anh rdt manh v& phong phd, gitp ngusi ding lap trinh c6 thé
nhanh chéng tao duge tng dung. Bo cong cu nay ¢6 nhitng tinh nang hd tr¢g cong nghe
tinh toan CUDA cho céc linh vic nhu robot, thiic té 4o, nhiép dnh dién toan, tuong tac

ngudi-may va cac hé théng xe tu 14i.



CHUONG 2. TONG QUAN VE JETSON TX2

Jetson TX2 Developer Kit hoan toan hd trg cho bo cong cu phét trien CUDA 7.0, gom
cong cu nhan dién 16i (debuggers) va cong cu tao profile dé phat trién nhidu tng dung xit
ly song song quy mo 16n. CUDA 7.0 ciing mang nén tang ARM vao cac thu vién tang toc
ctia NVIDIA cho FFT, dai s6 tuyén tinh, ma tran roi rac hay xi 1y hinh 4nh va video.

Not for sale, for development only

o $28, BRTFSWE
MF'F'|'|’| Il ‘

Hinh 2.1: Board mach nhiing NVIDIA Jetson TX2

2.2 Pham vi ttng dung

NVIDIA Jetson Developer Kit cho cac nha phat trién nhidu cong cu trong cac tng
dung robot, xe ty hanh, thiét bi bay khong ngusi 1ai (UAV) cac tac vu xit 1y hinh anh c6
lien quan dén hoc may hay trf tué nhan tao. Do nhiing dic tinh manh mé vé phan ciing
thich hop trong céc ting dung ho trg Al

Jetson dugc st dung rong rai trong thiét bi bay tu dong, drone giao hang tu dong.
Thong qua camera dude tich hgp trong trén board va bo xtt Iy AI manh mé, thiét bi sé
nhan dién duong di, chuéng ngai vat, nhan dién ngusi nhan hang hay méi nguy hiém

xung quanbh.

Nguyén Hoai Nam D15CQVTO1 Trang 4



CHUONG 2. TONG QUAN VE JETSON TX2

Hinh 2.2: Ung dung trong may bay khong ngusi lai ||

Mo hinh xe tuy lai tim dudng va tranh vat can sit dung board Jetson ciing dugc tao
ra nham c6 thé tng dung trong ché tao robot tham do tim kiém ctu nan trén nhing dia

hinh kho6 khin, dong thoi ¢6 thé tu van hanh, thu thap di lieu.

Hinh 2.3: Ung dung trong mo6 hinh xe @

Nguyén Hoai Nam D15CQVTO1 Trang 5



CHUONG 2. TONG QUAN VE JETSON TX2

2.3 Tinh hinh phat trién trong nuéc

FPT la don vi duy nhat tai Viet Nam nghién citu va phét trién he théng phan mém
cho xe ty hanh tit dau nam 2016 va da thit nghiem thanh cong vao cudi thang 10/2017.
Trong dit an nay, ho st dung mach xit Iy trung tam la NVIDIA Jetson TX2, ngoai ra con
c6 ZED Stereo Camera, thiét bi thu phat laser Velodyne Lidar, Arduino UNO, Arduino
UNO va CAN Shield. Hién tai, ning lyc xe tif hanh ctia FPT dang huéng t6i cap do 2
trén 5 cap do theo SAE.

Hinh 2.4: Xe ty hanh cia FPT

Bén canh dé, FPT con t6 chiic cude thi “Cudc dua s6” — san choi cong nghé danh cho
sinh vién tai Viét Nam. Day la co hoi cho cac ban sinh vién duge nghién citu, sang tao,
trai nghiém cong nghé mdéi nhat trong linh vic tir hanh, dong thoi duge tham gia cac
khéa dao tao véi nhitng chuyén gia hang dau ciia FPT. Theo d6, thi sinh tham gia sé
dugce tiép xtic v6i cong nghé mdi nhat trén thé gisi, gitp sinh vién c6 nhitng dinh huéng

xu thé phit hop trong tuong lai.

Nguyén Hoai Nam D15CQVTO1 Trang 6



CHUONG 2. TONG QUAN VE JETSON TX2

Hinh 2.5: Cudc thi "Xe tir hanh" ||

2.4 Tinh hinh phat trién trén thé gisi

Mac dit ¢6 nhitng wu diém ndi bat trong kha nang xt Iy Al tuy nhién viéc tng dung
Jetson TX2 vao trong cac tng dung thyc té 1a kha han ché. Céc ting dung chi ding lai 6
cac mau (Prototype) trong phong thi nghiem dé gidi quyét mot phan tac vu trong mot he
thong 16n, ngoai ra c6 nhitng nghién cttu huéng dén cau tric bén trong phan ciing nham
danh gia hiéu qua 4p dung cho timg tng dung cu thé. Hodc chi dimng lai ¢ du 4n ca nhan,

do 4n ctia nhom sinh vién.

e Nghién ctiu kiém chiing qué trinh lap lich trong Jetson TX2 [1] dé danh gia kha ning
ting dung trong cac hé thong ty dong ctia nhém nghién citu dai hoc Bac Carolina.
Nghién cttu nay danh gia bo lap lich GPU ctia Jetson TX2 duge dinh huéng theo
kiéu FIFO, phan tich theo lich trinh thdi gian thie. Tuy nhién, viéc 1ap lich nay ciia
GPU thuong hay xuat hién nhiing khoang thoi gian tré, diéu nay gay tré ngai rat
nhiéu dén viéc ting dung cac mo hinh trong thiyc té. Nhém nghién citu hiia hen sé
loai bé nhitng khoang thdi gian tré nay trong tuong lai bang cach két hop thay doi
céc ché do lap lich tréen GPU.

e Bai nghién cttu vé tinh toan niang lugng tieu thu trong qua trinh thice hién téc vu
hoc sau (DL) ctia mach Jetson TX2 . Thong qua moé hinh nhan dang vat thé
YOLO bai nghién cttu da danh gia duge nhitng wu thé vé miic tiéu thu nang luong
thap, dong thoi 1 gia tri FPS trong lac chay chuong trinh nhan dién. Nghién ciiu
dugc thye hién cung véi NVIDIA Jetson TX1 va NVIDIA Tesla P40.

Nguyén Hoai Nam D15CQVTO1 Trang 7



CHUONG 2. TONG QUAN VE JETSON TX2

Bang 2.1: Két qua so sanh trén 3 doi tuong

Jetson TX1 Jetson TX2 Xeon w/P40

Normal 0.65472 0.5800 -
Energy

Max clock 0.78400 0.50667 -

Normal 0.48908 0.62568 -

mAP /Energy
Max clock 0.38998 0.62737 -
g Normal 0.42233 3.02742 41.7037
FP

Max clock 2.82583 3.34584 -

Nghién cttu duge thye hién trén ciing mo hinh huan luyén hoc sau nhu nhau. Tesla
P40 c6 chi s6 FPS cao hon Jetson TX1 va TX2 tuy nhién nang luong ma mach nay
tieu thu 1a rat 16n. Theo d6 Jetson TX2 véi ché do Max - Q tiéu thu ning lugng it
nhat, do d6 dugc danh gia la mach nhan dién v6i do chinh x4c cao va tiéu thu nang

luong thap.

e Cuoc thi NVIDIA AI City Challenge dugce t6 chiic thudng xuyen ké tit nam
2017. Cuoc thi dua ra nhiing yéu cau vé xtt 1§ nhan dién nhiing van dé giao thong
trong thanh phé. T nhan dién, dinh huéng phuong tién, dém so lugng, phan ving

va xay dung moé hinh 3D trén Jetson TX2.

Hinh 2.6: Cudc thi NVIDIA AI City Challenge

Nguyén Hoai Nam D15CQVTO1 Trang 8



CHUONG 3

TONG QUAN MO HINH YOLO

3.1 YOLO - You Only Look Once

YOLO [22] 14 m6 hinh nhan dang vat thé. Véi diém manh 1a dé& dang nhan biét dugc
khai quat vé dai dién ctia mdi doi tugng. Qua do c6 thé phat hien va phan loai chinh xéc
vat thé trong thoi gian thite. V6i nhitng diic tinh gon nhe, ma ngudn mé, xit 1y véi toc do
nhanh YOLO tré thanh mo hinh tiéu biéu, dic trung trong cac tng dung nhan dang vat
the.

Khong nhu nhitng mé hinh nhan dang khac (nhu Fast RCNN) thyc hién viéc phat
hién trén cac khu viie dé xuat (Region proposal), theo d6 sé phai thic hién dy doan nhicu
lan cho cac region khac nhau, scale khac nhau trong mot anh. YOLO sit dung duy nhat
mot neural network cho toan bo anh. Kién tric cia YOLO tuong ty nhu FCNN (Full
Convolution Neural Network), hinh &nh (kich thuée n x n ) chi duge truyén qua FCNN
mot lan duy nhat, sau d6 sé trd vé & ngd ra la anh c6 kich thuée m x m. Anh & dau vao
sé dugc chia thanh cac 6 ludi (grid cell), va du doan cac bounding box cling nhu xac suat
phan loai cho méi grid cell. Cac bounding box nay duge danh trong s6 theo xac suat du
doan.

Mot s6 khai niem st dung trong YOLO:

Grid cell: Trong mo6 hinh YOLO &nh dugce chia thanh cac grid cell, moi grid chiu
trach nhiem nhan dién mot déi tugng. Cu thé, mdi grid cell dit doan sé bounding box cb
dinh dong thoi ciing xac dinh vi tri. Tuy nhién, YOLO bi gi6i han khi cac vat thé & qua
gan nhau thi kha nang xac dinh sé bi gidm di. Trinh tuy nhan dang ctia mdi grid cell cu

thé nhu sau:
1. Dy doan duong bao ngoai va moéi duong bao ¢6 mot gid tri tin tuéng
2. Grid cell nhan dang mot vat thé bat ké c6 bao nhiéu duong vién quanh vat thé dé.
3. Du doan xac xut ctia vat thé.

Boundary box (Bounding box: méi boundary box chita 5 thanh phan: gia tri toa

do x, y, w, hva gia tri tin tudng [7]. Gia tri tin tudng (confidence score) anh xa tinh

9



CHUONG 3. TONG QUAN MO HINH YOLO

khéach quan clia vat thé trong dudng vién va do chinh xéc ctia boundary dé. Gié tri w va h
lan Iugt 1a chicu rong va chiéu cao ctia boundary, x, y lan lugt 1a toa do diém phia trén
bén trai ctia boundary. Unified Detection: YOLO thong nhat toan bo cac thanh phan
rieng biét trong object detecion vdo mot mang neural duy nhat, st dung cac feature tit
toan btic &nh dé du doan méi bounding box véi tat ca cac 16p. Biic anh dude chia thanh
S x S grid, néu tam clia object nam trong mot grid cell, grid cell d6 sé chiu trach nhiém
phét hién ra object nay.

M&i grid cell dy dodn B bounding box va diém sb tin cay (confidence score) tuong
ing mdi box. Confidence score phan anh do tin cay clia viéc object nam trong box, dong
thoi 1a do chinh xac, do khép ctia box so v6i object. Do tin cay duge dinh nghia béi cong
thic:

Pr(obj) x IOUh (3.1)

pred

Véi:

Pr(obj) gia tri trong khodng [0, 1] thé hien kh4 nang box cé chita object.

I0ULuh 1a gid tri Intersection Over Union, thé hién do khép cia prediction box so
v6i ground-truth box.

Trong truong hgp khong ton tai object nao trong grid cell, cac confidence score c6 gia
tri bang khong.

Mai grid cell dong thoi cling du dodn xéac suat c6 dieu kién ctia class cho trude,
Pr(Class;|Object). Xac suat nay phu thudc viéc ton tai object 6 grid cell, va chi dit doan
XAc suat tuong tng moi grid cell, khong can quan tam dén bounding box.

Khai niém chinh ctia YOLO la xay dung mang CNN dé du doan tensor (7,7,30). St
dung mang CNN dé gidm kich thudc ma tran 7 x 7 v6i 1024 ngé ra. YOLO sit dung thuat
toan hdi quy tuyén tinh [13] sit dung 2 16p két ndi dé tao ra du doan dudng vién. Deé tién
hanh dy doan cudi cting, dita vao chi s6 tin tuéng dap ting ngudng cho trude sé thu duge
két qua nhan dieén.

Confidence score ctia 16p cho mdi dit doan dugce tinh bang tich ctia gia tri box confidence

score va condition class probaility.

Nguyén Hoai Nam D15CQVTO1 Trang 10
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3.2 Ham méat mat

YOLO dy doén nhiéu dudsng vién trén moéi grid cell. Dé tinh toan sy mat mat, can
Iyia chon gia tri ToU (Intersection over union) 1a cao nhat. Phuong phap nay giap viéc du
doan tré nén tot hon ngay ca & cac kich ¢d hodc ti 1é clia duong vien khac nhau.

YOLO st dung SSE (Sum square error) [26] dé tinh toan sy mat mat, ham mét mat
bao gom: mat mat phan loai (classification loss), mat mat beén trong (localization loss)

va confidence loss.

e (lassification loss:

52
Do YT ile) — i ()’ (3.2)

ceclasses

— 1% = 1 néu vat thé c¢6 trong cell thit i, ngugce lai thi bing 0.
— pi () biéu thi xac xuat didu kién cho 16p ¢ trong cell i.

e Localization loss: Gia tri mat mat localization tinh toan 16i trong du doan boundary

ve vi tri va kich cé.

S? B
)\coord Z Z ﬂ%bj [(xl - 'fz>2 + (yz - yAl)Q}

i=0 j=0

Fhowna S5 Tl 18 | (v - V&) + (V- Vi) | 3

— 19 =1 néu duong vién thit j trong cell i ¢6 chita vat thé, nguge lai thi bing

0.

— Aeoord gla tang gid tri mat mat trong hé toa do ciia boundary.

e Confidence loss: Khi vat thé dugc nhan dién, gia tri mat mat confidence danh gia

st tuong quan ciia vat thé trong boundary

Nguyén Hoai Nam D15CQVTO1 Trang 11
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522 i 1% (CZ- - Cy)Z (3.4)

i=0 j=0
Véi:
— C; 1a chi sb confidence ciia boundary j trong cell i.

obj __ . N 5N oo . - A 2 . TR
— 1;;" = 1 khi dudng vien thi j trong cell 7 ¢6 chita vat the, ngudc lai thi bang

0.

Néu vat thé khong thé tim thay, mat mat confidence la:

S? B
4 N2
)\noobj Z Z -ﬂ;wob] (C’L - C’L) (35)
i=0 j=0
e Ham méat mat ciia toan bo qua trinh sé la tong ciia mat mat localizationm, méat

méat confidence, mat mat classification.

3.3 Dic diém

Mo hinh ¢6 nhiéu diém vugt troi so véi cac hé thong phan loai co ban (classifier-based).
Tai giai doan nhan dién, YOLO sé& "nhin" toan bo bitc anh (thay vi titng phan btic 4nh),
vi vay nhitng di doan sé dude cung cap thong tin bdi noi dung toan cuc clia biic anh.
Ngoai ra, dit dodn dude dua ra chi véi mot mang danh gid duy nhat, thay vi rat nhiéu
mang d6i véi mo hinh R-CNN. Do d6 téc do ctia YOLO la cuc nhanh, dang ké hon so véi
RCNN, Fast RCNN.

Stt dung phuong phéap gidi han ving dé xuat, YOLO truy xuat vao hinh anh trong
viec du doan boundary, nhd dé han ché nhan dién sai déi tugng. YOLO xac dinh vat thé
trén mdi grid cell, diéu nay sé da dang hoa khong gian trong viéc dua ra du doén.

YOLO 4ap dat cac rang buodc vé khong gian trén nhitng bounding box, méi grid cell
chi ¢6 thé dir doan rat it bounding box va duy nhat mot 16p. Cac rang budc nay han ché
kha ning nhan biét s6 object ndm gan nhau, cling nhu déi véi cac object c6 kich thude
nho.

YOLO sit dung cac dic tinh tuong déi tho dé du doan bounding box, do mo hinh sit

dung nhiéu 16p downsampling tit &nh dau vao. Béi cac han ché nay cia mo hinh khi huan

Nguyén Hoai Nam D15CQVTO1 Trang 12
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luyen dé du doan bounding box tit dit lieu, dan dén YOLO khong thuc su tot trong viec
nhan dién cac object v6i ti 1é hinh khdéi mdéi hosic bat thuong so véi tap data. YOLOv2
[21] da kh&c phuc phan nao van dé nay, nhung van thua kém nhiéu so v6i Fast RCNN.
Ngoai ra, trong qua trinh huan luyén, ham mat mat khong c6 sy danh gia riéng biét
gitta 161 ctia bounding box kich thude nhé so véi 161 ctia bounding box kich thude 16n.
Viéc coi chiing nhu ciing loai va tong hop lai lam anh huéng dén do chinh xac toan cuc
ctia mang. Ldi nhé trén box 16n nhin chung it tic hai, nhung chi s6 16i nhé v6i box rat

nho sé dac biet anh hudng dén gia tri IOU.
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CHUONG 4

XAY DUNG MO HINH YOLO TREN JETSON TX2

Nhu da s6 cac hé théng nhing hay may tinh nhing khéc, cic tic vu cu thé can phai
dugce chay trén he diéu hanh rieng biét. D6i véi Jetson TX2 diéu nay ciing khong ngoai
lé. Sut can thiét vé quan 1y céc tai nguyén trong xay dung va khdi tao céc tac vu cling

nhu viéc hd trg cac cong cu xit Iy tién tac vu duge Jetpack dap ting tot cho mach Jetson.

4.1 Cai dit hé didu hanh

NVIDIA Jetson TX2 sit dung hé diéu hanh Jetpack. Day la 1a bo cong cu phét trién
phan mém ho trg cic giai phap xay dung cac ting dung tri tué nhan tao (AI) |15]. Jetpack
hd trg cac goi thu vien ting dung, framework hay bo cong cu hd trg cho viéc phét trién

cac tng dung lién quan, cu thé:

e TensorRT [17]: Cong cu cung cap kha ning suy luan trong cac moé hinh hoc
sau, nhan dang, phan loai hay nhan dang vat thé qua mang than kinh nhan tao.

TensorRT gitip ting dang ké tdc do suy luan va xit Iy cac tién trinh.

e cuDNN: Thu vién Cuda Deep Neural Network hd trg, lam tang hiéu suat cho

framework hoc sau, ho trg sit dung cac ham va bién doi tensor.

e CUDA: Bo cong cu cung cap mdi trudng phat trién toan dién trén nén tang C va
C++ v6i muc dich 1a tang toc do xit Iy trong cac ting dung. Bo cong cu gom trinh
bieén dich cho GPUs, thu vién toan hoc va cong cu debugging tdi wu héa cho cac

ting dung.

e Multimedia API: Ung dung API camera v6i thong sd diéu khién ¢ mdi khung
hinh, h6 tr¢ EGL [28] stream, CSI, ISP, GStreamer, V4L2.

e Computer Vision: Bo phan mém VisionWorks hé trg cho cac ting dung thi giac
may tinh va xit 1y hinh anh. OpenCV la thu vién mé pho bién trong thi gidc may

tinh, x1t Iy 4nh, hoc may ciing véi t6i wu tdoc do trong xit 1y theo thai gian thue.
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CHUONG 4. XAY DUNG MO HINH YOLO TREN JETSON TX?2

e Developer Tools: NVIDIA Nsight hé trg phan tich tdi wu qua trinh xit 1Iy. NVIDIA
Nsight Graphic ho trg stta 16i va dinh hinh cic tng dung do hoa.

4.1.1 Chuan bi
Qua trinh cai dat he diéu hanh chuan bi kha nhiéu céc thiét bi, bao gom:

e May chti sit dung hé diéu hanh Ubuntu (v18.04 hodc v16.04), trong dé tai sit dung
phién ban 16.04.

e USB Mirco-B két ndi tit mach Jetson dén méy chi Linux.

e Thiét bi ngoai vi: Ban phim va chuot két noéi véi mach Jetson.

e Cap HDMI cho ra man hinh hién thi giao dién do hoa ctia mach Jetson.

e Cap Ethernet két ndi véi card mang ctia Jetson (st dung cting router v6i may host).

Ghi cha: Céc thiét bi ngoai vi (ban phim va chuot), cap HDMI khong bat budc trong qué

trinh cai dat Jetpack, nhung can thiét trong giai doan sau cai dit.

4.1.2 Cai dat

Trong dé tai st dung may host véi Ubuntu v16.04 chay trén may do VMware [27] can
phéi cai dit mang phit hop dé c¢6 thé sit dung dia chi IP truc tiép tit router. Chon

»’Bridge: Connected directly to the physical network’

trong muc cai dat mang.

Tao tai khodn va tai xuéng phién ban Jetpack trén may host tir trang chii cia NVIDIA
[18] v6i phién ban phit hop, diéu nay rat quan trong do mdi phién ban Jetpack duge thiét
ké phit hop cho ting nén tdng phan citng. V6i phién ban Jetpack 3.3 phit hgp cho Jetson
TX2.

Sau khi tai xuéng, mic dinh file Jetpack chua thé duge thuc thi. Can cap quyen thuec
thi cho file nay, md ctta so Terminal tai noi Iuu file va chay lenh:

$ chmod 777 JetPack-${VERSION}.run

Sau khi cap quyén truy cap cho file, chay file cai bang leénh:

$ sudo ./JetPack-${VERSION}.run

Hé théng sé yéu cau nhap mat khau cho léenh dudi quyén quang tri root.
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Xuét hien cita s6 pop-up:

o JetPack 3.3

JetPack 3.3 Installer

NVIDIA JetPack SDK is the most comprehensive solution for
building Al applications. It

bundles all the Jetson platform software, including TensorRT,
cuDNN, CUDA Toolkit,

VisionWorks, GStreamer, and OpencCV, all built on top of L4T with
LTS Linux kernel.

| Next> | Cancel

Hinh 4.1: Ctta s6 cai dat Jetpack

Nhén "Next" dé chuyén sang ctia so tlly chon vi tif file cai trén may host va mach

Jetson.

@ © JetPack 3.3

Installation Configuration

Please specify the directory where JetPack 3.3 will be installed.
Installation Directory: |/home/nam/Downloads/
Please specify the directory where the components will be

Download Directory: | /home/nam/Downloads/jetpack_down

Privacy Notice

NVIDIA software packages collect usage and platform data via
including product version, display device, session data, and CPU
agree, this data will be used anonymously for the sole purpose of

software. For more information, please see
NVIDIA's Privacy Policy.

Allow usage data collection?

[& Yes, enable usage collection

["] Mo, disable usage collection

<Back | MNext> | Cancel

Hinh 4.2: Ctia s6 tity chon vi trf file luu
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Nhén "Next" dé chuyén sang cita s6 tity chon moi trudng cai dat, chon Jetson TX2

trong truong hop nay.

2 JetPack 3.3

Select Development Environment

@® |Jetson TX2 ) Jetson TX2i

) Jetson TX1

< Back | MNext>

Hinh 4.3: Ctta s6 tity chon moi truong cai dit

Please specify the development environment you would like to set up:

Cancel

Ctia s6 tiép theo hién thi tity chon cai dit céc goi cong cu sé cai diit, c6 thé thay doi

tiy chon cai dat tuy vao tung muc dich.

o JetPack 3.3 Components Manager

Jetson TX2 < @[Full O custom
Package Installed Version Size Action
¥ Host-Ubuntu install
Tegra Graphics Debugger - 172MB install 2.5
NVIDIA System Profiler - 185MB install 4.0
JetPack Documentation - 20MB install 3.3
DevTools Documentation - 977KB install 3.3
OpencCV - 3254MB | install 3.3.1
¥ Visionworks Pack install
VisionWorks - 222MB install 1.6
VisionWorks Plus (SFM) - 61MB install 0.90
VisionWorks Object Tracker - 17MB  install 0.88
VisionWorks References - 6MB install 1.6
CUDA Toolkit - 3254MB install 5.0
¥ Target- Jetson TX2/TX2i install
¥ Linux for Tegra Host Side Im... install
File System and OS - - linstall 28.2.1
Drivers - - install 28.2.1
Description [:_-isk Space i_Termina_l conflicts Back

Clear Actions

Progress

Next

Hinh 4.4: Cita s6 tity chon cong cu
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: Terms and Conditions

- Please read the license agreements listed on the left. Each
& |2 JetPack installer Licer| 29reement must be accepted forinstallation to proceed. To
! . accept an agreement, click the corresponding checkbox.
|| © [zl opensourcelLicense

& =) visionwWorks Licenses
® |=] cuDA License

™ [=) oslLicense

& [£) NVIDIA JetPack LAT Li
& |=] TensorRT License

| @cancel || Accept

Hinh 4.5: X4c nhan diéu khoan va ban quyén

Yéu cau mat khau xéac thuc dé bat dau qua trinh cai dit.

Package Installed Version Size Action Progress

¥ Target - Jetson TX2/TX2i
¥ Linux For Tegra Host Side Im...

File System and OS - - linstall28.2.1 . | ...
Driversiits Authenticate
Flash 0§ L. .
v installal Authentication is needed to run ‘/home/nam/Downloads/
N 7\ _installer/sudo_daemon’ as the super user
¥ VisionV PR -
visid An application is attempting to perform an action that requires
v privileges. Authentication is required to perform this action.
1siorn
Visiol Password: | s
CUDAT
compil ' Details
CuDNN Cancel Authenticate
Tensorl
OpencV - -lnstall33 T | ..
Multimedia API package - -|linstall28.2.1 | ...

Description | Disk Space ; Terminal conflicts Stop Pause Back Next

Hinh 4.6: Yéu cau xac thuc dé cai dit cac goi phan mém

Qua trinh cai dit ¢ budce nay sé dién ra lau hay nhanh tuy thudc vao sé lugng cac goi

dugce cai dat. Thoi gian cai dat trung binh mat 1.5 gio.
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(] JetPack 3.3
< 1A

Installing

Host installation is complete.
Installer will continue with target hardware setup.

Completed

i ——

Click next to proceed

| Next> Cancel

Hinh 4.7: Hoan tat qua trinh cai dat

Tiép theo nhan "Next" dén véi cita s6 tity chon layout mang. Cé 2 kiéu layout:

e Két ndi may host va mach Jetson vdi router, lic nay cd hai déu c6 mot dia chi IP
riéng.

e Mach Jetson truy cap vao Internet thong qua may host.

Trong pham vi bao céo nay kiéu layout dau tien dudc st dung.

x] JetPack 3.3

Network Layout

Please select the network layout.

@® Device accesses Internet via router/switch.

Jetson
Device

) Device accesses Internet via host machine through settingup an

configuration on host,

| Next> Cancel

Hinh 4.8: Tuy chon layout
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Tiép theo la tity chon cong Interface trén méy host két néi dén router tén interface &

day 1a ens33. Tiép theo, cita s6 hién thi cdc modules sé dudc cai dit vio board Jetson.

@ F JetPack 3.3

Network Interface Selection

Please select the network interface on host that connects to the
same router/switch as the

ens33

JetPack requires this information to setup ssh connection between

<Back | MNext= | Cancel

Hinh 4.9: Tuy chon tén Interface

Nhén "Next", ciia so hién lén yéu cau két ndi cac thanh phan véi nhau theo layout da

(] JetPack 3.3

Post Installation Jetson TX2/TX2i

Following actions will be performed at this stage.

-Flash 64 Bit OS to TX2 device

-Push and install 64Bit CUDA on target

-Push and install 64Bit cuDNN on target

-Push and install 64Bit OpenCV on target

-Push and install 64Bit VisionWorks on target

-Push and install 64Bit Visionworks SFM on target
-Push and install 64Bit VisionWorks Tracking on target

<Back Next> | Cancel

Hinh 4.10: Xac nhan tién trinh cai dat

Nguyén Hoai Nam D15CQVTO1 Trang 20



CHUONG 4. XAY DUNG MO HINH YOLO TREN JETSON TX?2

chon truée do

Please put your device to Force USB Recovery Mode, when your are ready,
ress Enter key

To place system in Force USB Recovery Mode:

1. Power down the device. If connected, remove the AC adapter from the de
@ vice. The device MUST be powered OFF, not in a suspend or sleep state.

2. Connect the Micro-B plug on the USB cable to the Recovery (USB Micro-
) Port on the device and the other end to an available USB port on the ho
st PC.

3. Connect the power adapter to the device.

4. Press and release the POWER button to power on device. Press and hold
the FORCE RECOVERY button: while pressing the FORCE RECOVERY button, pres|
s and release the RESET button; wait two seconds and release the FORCE R
COVERY button.;

5. When device is in recovery mode, lsusb command on host will list a lin|
e of "NVidia Corp"

®
e}
&

Hinh 4.11: Két noi cac thanh phan

4.1.3 Ké&t nbi phan ciing

Duya vao cau tric loai layout da chon dé tién hanh két ndi cac thanh phan véi nhau.

Tru6e tién can tat nguon cla Jetson.
e Tit nguon mach Jetson.

e Két néi mang cho mach Jetson thong qua cap Ethernet, dong thoi cling két noi
mang cho may host, may host c6 thé dung wifi nhung dé dam bao mang dugc on

dinh, tranh 16i x4y ra khi cai diat thi Ethernet 1a lya chon duge wu tién.
e Nb6i mach Jetson va may host véi nhau bang cap Micro-B/USB.
e Cap nguon mach Jetson.

e Nhin nat nguon dé khéi dong Jetson nhu binh thuong. Sau d6, nhan va giit nit
"RECOVERY FORCE" déng thoi nhan "RESET", tha nut "RESET" git "RECOVERY FORCE"

trong 2 giay sau do tha ra.

Kiém tra interface trén may host trong ctia s6 terminal bang lénh: 1susb két qua sé tra

vé thong tin tén interface NVIDIA Corp.
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Nhan "Enter" dé tiép tuc qua trinh cai dat.

1828: : 5 blks) > 8442188:2105
356
1829: SKP: o6 O ( blks) > 780547544:3665
932
1830: : blks) - 780547556: 1656

blks) - 7971158887
4816896 ( blks) > 797115900:48
32768 ( blks) > 801932808:
8384512 ( 047 blks) : 801932820:83

4096 ( Lks) === 8103173444
16695296 ( 4076 blks) === 810317356:

81920( 20 blks) > 012664 :8
21491712( 247 blks) > 827012676:2

4096 ( blks) ==> 848504400:4

[ 2917.8794 ]| tegradevflash --write BCT P2180 A@0 LP4 DSC
204Mhz .bct
2917 .8809 Cboot version 00.01.0000
2917.9982 Writing partition BCT with P2180 AGO LP4 DS
204Mhz . bc
2918.008

Flashing completed
Coldbooting the device

tegradevflash --reboot coldboot
Cboot version 00.01.0000

**#* The target t210ref has been flashed successfully. ***
Reset the board to boot from internal eMMC.

1

Finished Flashing 0S

Please press Reset button on device to make sure Ubuntu i
S 5 ed with GUI.

After you are ready, please press Enter key to continue.

Hinh 4.13: Két thic cai dat

Nguyén Hoai Nam
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4.2 Cai dat kernel

Trong nhiéu truong hop st dung, hé diéu hanh ciia ching ta can c6 Kernel dé dé dang
trong viéc quan 1y bo nhd, diéu phdi cac file hay can thiép vao qua trinh diéu khién driver.
Kernel c6 vai tro quan trong trong bién dich, thém hay diéu chinh cac module tit thiét bi.

Dé kiém tra phién ban kernel hién tai trén Jetson véi lenh:

$ uname -r - véi ¥ nghia xuat thong tin vé kernel cia hé thong.

Tién hanh cap nhat Kernel, trong ctta s6 Terminal diing lenh:

$ git clone https://github.com/jetsonhacks/buildJetsonTX2Kernel.git [§]

nvidia@tegra-ubuntu:~ s$ git clone https://github.com/jetsonhacks/buildl
etsonTX2Kernel.git

Cloning into 'buildletsonTX2Kernel'...

remote: Enumerating objects: done.

remote: Counting objects: 6 (2/2), done.

remote: Compressing objects: 100% (2/2), done.

remote: Total 147 (delta @), reused ® (delta @), pack-reused 145

Receiving objects: 100% (147/147), 31.72 KiB | © bytes/s, done.
Resolving deltas: 100% /62), done.

Checking connectivity

nvidia@tegra-ubuntu:~

Hinh 4.14: Tai xuéng thu muc cai dat

Lénh: $ ./getKernelSources.sh

Tai nguon kernel tit website NVIDIA developer, sau d6 giai nén va luu tai /usr/src/kernel.

Luu y: Can dam bao sy dong bo trong cac phién ban ctia L4T va kernel. Viéc cap
nhat hay cai dat méi kernel c6 thé gay ra st xung dot trong cac tién trinh quan 1y tac vu

hoat dong cu thé.
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File Edit Option Help
- -
w @wE |l E
Option
O Tegra 21x family S0C
Tegra Audio Processing Engine({APE) present
Tegra 18x family SOC
Tegra 18x family SOC Kconfig placeholder
Tegra 19x family SOC
IRQ subsystem
Timers subsystem
CPU/Task time and stats accounting
RCU Subsystem
- Control Group support %
Group CPU scheduler
Namespaces support
Configure standard kernel features (expert users)
Kernel Performance Events And Counters
GCOV-based kernel profiling
Enable loadable module support
v Enable the block layer
Partition Types
10 Schedulers
Platform selection
w Bus support
PCI host controller drivers
O support for PCI Hotplug
w Kernel Features
ARM errata workarounds via the alternatives framework
Emulate deprecated/obsolete ARMvS instructions
ARMvB.1 architectural features
Boot options
Userspace binary formats
(1048576) Default DMA coherent pool size (bytes)
Power management options

Platform specific SError handler support
w (Pl Power Mananement

Hinh 4.15: Giao dién quan ly driver

Ctta s6 quan 1y driver ctia kernel xuat hién. Tai ctta s6 nay, ngudi dimg c6 thé them
méi, thay doi hodc diéu chinh céc géi driver. Ngusi ding sé tréd nén chtt dong hon trong

viéc quan 1y tién trinh hoat dong ctia hé théng ho#ic cac thiét bi ngoai vi.

4.3 Cai dat thu vién OpenCV

OpenCV [2] 14 thu vien ma nguon md, duge phat trien biang ngon ngit C/C++, 1a
cong cu phat trién trén Python, Matlab, ... OpenCV dugc thiét ké nhim muc dich ting
kha ning tinh toan trong cac ting dung thoi gian thyc lién quan dén thi gidc may tinh.
Trong pham vi dé tai, OpenCV la thu vién chinh trong nhan dang va xéc dinh vat thé.

Mot diém quan trong, déi véi Jetson TX2 nhu da dé cap, con c6 them nhan CUDA.
Viéc tinh toan xit Iy sé tré nén nhanh hon khi xay dung OpenCV v6i nhan CUDA.

Bat dau tai ciia s6 terminal véi lénh:

$ git clone https://github.com/jetsonhacks/buildOpenCVTX2.git
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File Edit View S h
vidia@tegra-ubuntu
vidia@tegra-ubuntu
penCVTX2.glt

Terminal Help
$ cd Downloads
s$ git clone https://github.com/jetsonhacks/buildo

loning into 'buildopencvTXx2'...

remote: Enumerating

remote: Total 133 (delta @), reused 8 (delta @), pack-reused 133

objects: 133, done.

Receiving objects: 100% (133/133), 40.62 KiB | 0 bytes
Resolving deltas: 100% (61/61), done.
hecking connectivity

vidia@tegra-ubuntu

Hinh 4.16: Tai xudéng gbi cai dat

Chay tép buildOpenCV.sh dé tai xudng va build thu vien OpenCV véi lenh:

$ ./buildOpenCV.sh - qua trinh nay mat thoi gian kha lau (khoang 1.5 gid).

target
target
target
target
target
target
target
target
target
target
target
target
target
target
target
target
target
target
target
target
target
target
target

Sau khi cai dat xong, dé
$ cd /opencv/build

apt search ccmake

ccmake

opencv_test_highgui_pch_dephelp
pch_Generate_opencv_test_highgui
opencv_test_highgui

opencv_test features2d pch dephelp
pch_Generate_opencv_test_features2d
opencv_features2d_pch_dephelp
pch_Generate_opencv_features2d
opencv_features2d
opencv_test_features2d
opencv_perf_features2d_pch_dephelp
pch_Generate_opencv_perf_features2d
opencv_perf features2d
opencv_test_calib3d_pch_dephelp
pch_Generate_opencv_test_calib3d
opencv_calib3d_pch_dephelp
pch_Generate_opencv_calib3d
opencv_calib3d

opencv_test_calib3d
opencv_perf_calib3d_pch_dephelp
pch_Generate_opencv_perf_calib3d
opencv_perf calib3d
opencv_cudafeatures2d_pch_dephelp
pch_Generate_opencv_cudafeatures2d

Hinh 4.17: Tién trinh cai dit

kiém tra cac module dugc bd sung trong lic cai OpenCV:

$
$ sudo apt-get install cmake-curses-gui
$
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ANT_EXECUTABLE

Atlas_BLAS_LIBRARY

Atlas_CBLAS_INCLUDE_DIR

Atlas_CBLAS_LIBRARY

Atlas_CLAPACK_INCLUDE DIR Atlas CLAPACK_INCLUDE DIR-NOTFOUND
Atlas_LAPACK_LIBRARY /usr/lib/liblapack.so
BUILD_CUDA_STUBS

BUILD_DOCS

BUILD_EXAMPLES

BUILD_JASPER

BUILD_JAVA

BUILD_JPEG

BUILD_LIST

BUILD OPENEXR

BUILD_PACKAGE

BUILD_PERF_TESTS

BUILD_PNG

ANT EXECUTABLE: Path to a program.
[enter] to edit option CMake Version 3.5.1
[c] to configure

Press [h] for help Press [gq] to quit without generating

Press [t] to toggle advanced mode (Currently Off)

Hinh 4.18: Giao dién quan ly packages

C6 thé tuy chon céc goi cai dit trong giao dien nay tity vao nhu cau sit dung trong
cac tng dung cu thé.

Chay thi vi du cannyDetection.py trong folder buildOpenCVTX2/Examples

File Edit Vi Terminal
vidia@tegra-ubuntu:~/buil

vidia@tegra-ubuntu:~/buildOp

alled with args:

Namespace(video_device=0)

DpencV versi&h: 3.4.1-dev

('Device MNumber:', @)

IDEOIO ERROR: V4L: device nvcamerasrc ! video/x-raw(memory:NVMM), width=(int)64
, height=(int)480, format=(string)I420, framerate=(fraction)30/1 ! nvvidconv !
ideo/x-raw, format=(string)BGRx ! videoconvert ! video/x-raw, format=(string)BG

! appsink: Unable to query number of channels

vailable Sensor modes :

592 x 1944 FR=30.000000 CF=0x1109208a10 SensorModeType=4 CSIPixelBitDepth=10 Dy
PixelBitDepth=10

592 x 1458 FR=30.000000 CF=0x1109268a10 SensorModeType=4 CSIPixelBitDepth=10 Dy
PixelBitDepth=10

1280 x 720 FR=120.000000 CF=0x1109288al0® SensorModeType=4 CSIPixelBitDepth=18 Dy
PixelBitDepth=10

NvCameraSrc: Trying To Set Default Camera Resolution. Selected sensorModeIndex =
1 WxH = 2592x1458 FrameRate = 30.000000 ...

Hinh 4.19: Khéi chay chuong trinh

Chuong trinh chay thit xac dinh duong vién ciia vat thé, chuong trinh nay si dung
Camera trén board Jetson TX2. V6i cac thong s6 phién ban OpenCV 3.4.1, kich thudc
2592 x 1458, s6 frame trén giay dat t6i da 30 fps. Céc thong s6 vé do phan giai c6 thé
thay doi trong chuong trinh chinh.
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! for Camera Feed, '2! for Canny Detection, '3' f

Hinh 4.20: Ké qua hién thi

« 3 TV E@FPFPAHY
PR F ST B CRCuit, 1! for Camera Feed, '2' for Canny Detection, '3' for All 3

(x=195.v=224) ~R:123 G:143 B:135

Hinh 4.21: Mot trong céc ché do hién thi

Cac thong tin vé gia tri mau ctia vat thé nhan dang duong vien RGB, hai thanh phan

x va v lan lugt 1a gia tri tré chuot & truc hoanh va truc tung.
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Trong qué trinh chay demo nhan dang, GPU phai hoat dong nhiéu hon mic binh
thuong do yéu cau xit 1y cic dbi tugng trong mitc khung hinh 30 fps.

GPU History

E§ W0 F————T N =
D '
'8 ol : ]
=
- 20§
% 0

60 50 40 30 20 10 0

Seconds

oo+ EE

Hinh 4.22: Trang thai GPU

4.4 Xay dung mo hinh YOLO

Tai xudng folder cai dit framework darknet [20] - mot ma nguon md duge viét cho
cac tng dung hoc sau (Deep Learning).

$ git clone https://github.com/pjreddie/darknet yolov3

nvidia@tegra-ubuntu:~/Downloads$ git clone https://github.com/pjreddie/darknet y
olov3

Cloning into 'yolov3'...

remote: Enumerating objects: 5981, done.

remote: Total 5901 (delta @), reused 0 (delta @), pack-reused 5961
Receiving objects: 180% (5991/5901), 6.17 MiB | 2.85 MiB/s, done.
Resolving deltas: 100% (3923/3923), done.

Checking connectivity

nvidia@tegka-ubuntu n yolov3
nvidia@tegra-ubuntu:~/Dc C v3is 1s

cf include g LICENSE.mit python

LICENSE gpl LICENSE.v1 README . md
s LICENSE.fuck LIC meta Makefile scripts
@tegra-ubuntu:~/Downlo [yolov3$

Hinh 4.23: Tai xudéng source darknet

Tiép theo sau, ta di dén cac thong s6 trong tép Makefile. Makefile 1a mot file dang
script chita cac thong tin lien quan dén cau tric project hay cic lenh tao file [10]. Makefile
gitip don gian hoa viéc bién dich chuong trinh trong trudng hgp cé nhiéu module, dé dang
quan 1y hodc thay doéi. Lénh make sé doc noi dung trong Makefile, hiéu kién tric ciia

project va thyc thi cac lénh.
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CUDNN=1
OPENCV=1
OPENMP=0
DEBUG=0

ARCH= -gencode arch=compute_53,code=[sm_53,compute_53] \
d

VPATH=. /src/:. /examples
SLIB=libdarknet.so
ALIB=Llibdarknet.a

Hinh 4.24: Diéu chinh tép Makefile

C6 thé thay cac thong tin lien quan dén GPU, CUDNN hay OPENCYV déu duge dat
la 1 dé dam bao ring khi chuong trinh duge xay dung, sé hoat dong trén 3 thanh phan

nay. Cu thé:

e V6i GPU - don vi xtt 1y dd hoa hd trgcong viée tinh toan xac dinh nhan dang lién

quan dén hinh anh.

e V6i CUDNN - thu vién ho trg trong tinh toan cac tensor anh, lien quan dén neural

network.
e V6i OPENCV - thu vién xit Iy hinh anh chinh trong mé hinh YOLO.

Gia tri arch=compute_62 code=[sm_62, compute_62] cho Jetson TX2 va arch=compute_53
code=[sm_53, compute_53] cho Jetson TXI.

Diéu chinh ché do max clock va build bang léenh make.

$ sudo nvpmodel -m O

$ make
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ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./src/layer.c -o obj/layer.o

gcc -Iinclude/ -Isrc/ -DOPENCV “pkg-config --cflags opencv® -DGPU -Ijusr/local/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./src/local_layer.c -o obj/local_laye
r.o

gcc -Iinclude/ -Isrc/ -DOPENCV “pkg-config --cflags opencv™ -DGPU -Ijusr/local/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./src/shortcut_layer.c -o obj/shortcu
t_layer.o

gcc -Iinclude/ -Isrc/ -DOPENCV “pkg-config --cflags opencv™ -DGPU -Ifusrjlocal/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./src/logistic_layer.c -o obj/logisti
c_layer.o

gcc -Iinclude/ -Isrc/ -DOPENCV “pkg-config --cflags opencv™ -DGPU -Ijusr/local/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./src/activation_layer.c -o obj/activ
ation_layer.o

gcc -Iinclude/ -Isrc/ -DOPENCV “pkg-config --cflags opencv™ -DGPU -Ifusrflocal/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./src/rnn_layer.c -o obj/rnn_layer.o
gcc -Iinclude/ -Isrc/ -DOPENCV “pkg-config --cflags opencv® -DGPU -Ifusr/local/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./src/gru_layer.c -o obj/gru_layer.o

Hinh 4.25: Xay dyng mo6 hinh darknet

Tuy chinh cdc thong s6 ¢ file yolov3.cfg tai yolov3d/cfg. Cac thong s6 lien quan [9]:

batch chi thi batch size tron sudt qua trinh huan luyén. Bo dit lieu huan luyén len
dén vai tram hinh dnh, tuy nhién cac hinh anh nay khong duge huan luyén cuing nhau.
Tién trinh huan luyén lién quan dén sy lip lai, cap nhat kich thuée ctia mang than kinh
(neural netwok) diya trén ti 1¢ 161 phat sinh trong tién trinh huan luyén. Khong can thiét
phai diing tat ca cac anh trong bo ditu lieu dé cap nhat kich thude clia mang no-ron, thay
vao d6 s6 lugng anh trong bo dit lieu ding dé cap nhat lai mang no-ron c¢6 thé thay doi
cho phut hop, gia tri batch size dic trung cho s6 luong nay.

Gia tri subdivisions dic trung cho s6 anh xit Iy cting lic trong pham vi gia tri batch,
diéu chinh khi st dung véi gié tri batch trong van dé vé bo nhé véi GPU.

Thong s6 vé kich thude ting anh width vA height 1a khuon mau kich thude chung.
Anh tit bo dit lieu sé duge dua vé cac kich thude nay trude khi vao bude huén luyen. Kich
thude cang 16n thi gia tri nhan duge cang tot, tuy nhién thoi gian sé dai hon trong tién
trinh huan luyén. Gia tri ngudng mau channels = 3 chi thi kéenh mau RGB ctia 4nh dau
Vao.

File cAu hinh con c6 cac thong s6 quyét dinh cach cap nhat kich thude clia mang
no-ron. Gié tri momentum kiém xo4t kich thuéc mang no-ron khi qua 16n, decay kiém soat
gia tri momentum.

Gia tri learning_rate dic trung cho toc do hoc tir dit lieu trong batch, gia tri nay
nam trong khoang 0.01 dén 0.001.

Sau khi da cai dat va cau hinh phit hop, tai xuéng mo hinh huan luyén va chay video

nhan dién.
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[net]

# Testing

# batch=1

# subdivisions=1
# Training
batch=64
subdivisions=16
width=608
height=608
channels=3
momentum=0.9
decay=0.0005
angle=0
saturation =
exposure = 1.
hue=.1

1.5
5

learning_rate=0.001
burn_in=1000
max_batches = 500200
policy=steps
steps=400000,450000
scales=.1,.1

[convolutional]
batch_normalize=1

Hinh 4.26: Cau hinh thong s6

$ wget https://pjreddie.com/media/files/yolov3.weights
$ ./darknet detector demo cfg/coco.data cfg/yolov3.cfg yolov3.weights

traffic.mp4

Hinh 4.27: Nhan dang déi tuong trong video

Ta s& ¢6 thong tin vé gia tri khung hinh (FPS) trong lic nhan dién, tén va xac xuat
cac ddi tugng duge tim thay trong khung hinh.

Khi stt dung stream tric tiép trong nhan dang déi tuong duge tién hanh bdi lenh:

$ ./darknet detector demo cfg/coco.data cfg/yolov3.cfg yolov3.weights
-c 1
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Objects:

car: 97%

Hinh 4.28: Két qua nhan dang (1)

Hinh 4.29: Két qua nhan dang (2)
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Hinh 4.30: Ké qua nhan dang (3)

4.5 Danh gia két qua

Do hoat dong & ché do max clock nén trang thai hoat dong ciia GPU dudng nhu 1a

t6i da.

_ GPU History
= 100 ; - ; : ;
o B0 R -
“g“"’ or -
% (4] I : ; 1

a0 50 A0 30 20 10 0

Seconds

L) =] -

Hinh 4.31: Trang thai hoat dong cia GPU

Vé co ban khi trién khai mé hinh nhan dang vat thé YOLO trén NVIDIA Jetson TX2,
v6i yéu cau veé kha nang nhan dang, viéc gan nhan cho vat thé dat duge yéu cau. Do tinh
chat ctia mo hinh nhan dang, cic déi tugng nhan dang v6i bo dit lieu 16n nhung khong
tap trung vao céc chi tiét tren vat thé hay cac chi tiét phu khéac. Diéu nay mot phan phu
thuoc vao tiéu cit clia camera, chat lugng khung hinh bat duge. Gia tri khung hinh (FPS)
dao dong tit 3.0 dén 3.4. Thoi gian phan hoi trong truong hop vat thé thay doi trang thai
nhanh 1a rat dai nén khé cé thé sit ting dung trong cac hé théng yéu cau tdc do cao. Xac

suat doéi tuong 6 mitc chap nhan duge tit 60% dén 98%.
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Bang 4.1: Danh gia két qua mo hinh YOLO trén Jetson TX2

Yéu to Dic diém ché Danh gia

Thoi gian nhan dang Phan hoi t6t Chap nhan dugc

Géan nhan déi tuong | Phan biét 16 déi tuong | Chap nhan dude

Ti lé khung hinh Gia tri FPS con thap Han ché
Xac xuat Thép khi vat thé ¢ xa Han ché
Chat lugng khung hinh Tieu cit ngan Han ché

4.6 Dinh huéng cai thién

Trong cac tng dung cu thé, bo dit lieu huan luyén c6 tap trung vao nhém cac déi
tuong nham thu nhé pham vi nhan dang. Tt d6 téc do khung hinh c6 thé tang lén ciing
v6i cai thien chat luong khung hinh thong qua nang cap camera. Toc do di chuyén cla
déi tuong sé it bi anh hudng dén viec nhan dang ctia mo6 hinh rat nhicu.

Tiang chat lugng bo dit lieu huan luyén ciing gép phan nang cao kha ning nhan dang
ctia mo hinh, gidm thoi gian phan hoi tit lic camera bat khung hinh dén khi nhan dugc

gan trén doi tuong.
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NVIDIA Jetson TX2 la mot méy tinh nhing dugc phat trién dic biet cho céc tng
dung lién quan dén bai toan nhan dang, thi gidc may tinh hay 1a trf tué nhan tao. Jetson
TX2 la mot nén tang li tudng cho cac tng dung nhan dang co ban va pho bién, dam nhan
mot chiic ning trong cac hé théng iing dung thuc té. V6i he diéu hanh tuy bién dya trén
Linux (Jetpack), mach phat trién da phéat huy duge nhitng 1gi thé c6 duge. Nhan CUDA
la thanh phan quan trong quyét dinh dén sy khéac biét nay so véi cac mach phat trién
khac.

M6 hinh nhan dang YOLO dudc stt dung trong nhan dang vat thé c6 toc do xi Iy
no6i bat trong nhoém cac mo hinh nhan dang. Buge danh gia cao va lita chon wu tién trén
mach phét trién Jetson. Nhin chung mo hinh da cho dugce két qua rat dang hi vong trong
qué trinh nhan dang ctia minh. Nhu da dé cap can phai cai thién rat nhiéu dé c6 thé dua
vao tng dung thyc té.

Trong qué trinh trién khai demo, em gip rat nhiéu kho khan, ciing nhu that bai trong
viéc cai dat nén tang hay thiét lap khéi dong cho mo hinh. Em da thanh cong trong viéec
xday dung mo hinh nhan dang st dung cac mo hinh huan luyén trude. C6 mot dicu rat
han ché 1a chua c6 thé tan dung t6t dugc camera c6 sin trén board. Tuy nhién do han
hep vé mat thoi gian nén em phai stt dung camera webcam, em hi vong c6 co hoi gidi

quyét han ché nay trong tuong lai.
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