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TOM TAT

Tén dé tai: THIET KE XE TU HANH PA HUONG UNG DUNG CONG NGHE Al
Sinh vién thuc hién:

NGUYEN TRUNG BUC MSSV: 102200206

PHAM VAN TRONG MSSV: 102200237
Lop: 20TCLC-DTS

Dé tai “Thiét ké xe tu hanh da huéng tng dung cong nghé AI”v6i mong mudn
phat trién mot hé théng xe ty 1ai thong minh. Sir dung Al (Artificial intelligence), IoT
(Internet of Things), d& tai nham xay dung mot phan mém diéu khién xe ty dong c6 kha
nang nhan dién moi trudng, phan tich thong tin va dua ra quyét dinh dé diéu khién xe

an toan va hi¢u qua.

beé tai sir dung cac cam bién si€u dm va camera dé thu thap thong tin vé moi truong
xung quanh. D li¢u thu thap dugc sau d6 dugce xr 1y boi cac thuét todn hoc may va mo

hinh hoc sau dé nhan dang vat can, duong di va céac yéu to khac trén duong.

Pé dao tao va danh gia hé thdng, ching toi sir dung mot tap dir liéu 1on chira thong
tin vé& cac tinh hudng giao thong thyc té. Tir 46, chiing t6i xay dung cdc mo hinh nhan
dién két hop thuat toan dé duara quyét dinh diéu khién xe dua trén dir liéu tir cac cam

bién va dac trung cia moi truong.

Muc tiéu cua do an 1 tao ra mot hé théng xe c6 tinh nang ty hanh on dinh va dang
tin cdy. Chiing ti tiép tuc nghién ctru va phat trién cac thuit toan cai tién dé ting cuong
kha ning phan loai va du doan cua hé thong. Ching t6i cling thuc hién cc thir nghiém
trén moi trudng thyuc té dé dam bao rang hé théng hoat dong hiéu qua va dap tng duoc
cac yéu cau an toan giao thong.

Db an cta toi hy vong c6 thé dong gop vao su phat trién cta cong nghé xe ty hanh.
Bang cach ting cuong an toan giao thong, giam tai stc lao dong cho ngudi 14i va tao ra

mot moi truong di chuyén thong minh va bén viing.
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LOI NOI PAU

Trong thoi dai cong ngh¢ thong tin ngay nay, xe ty hanh thong minh 1a mot trong
nhimg tmg dung noi bat cta tri tué nhan tao va cong nghé 6 t6. Puoc thiét ké dé ty dong
hoa qua trinh 1ai xe, xe ty hanh thong minh dang tré thanh xu huéng phat trién tién tién

trong nganh cong nghiép 0 to.

Trong d¢é tai nay, chung toi tap trung vao viéc nghién ctru va phat trién cac cong
nghé dé xe ti hanh c6 kha ning nhan biét va twong tic véi moi trudng xung quanh mot
cach ty dong. Pac bi¢t, chung t61 quan tam dén kha nang xe tu nhan biét 1an dudng va

cac vat can trong qua trinh di chuyén trén duong.

Xe ty hanh thong minh la dira con tinh than va toan bo tdm st chung t61 da danh
tron vao nham tao ra mot san phém ¢6 lgi ich ca vé mit kinh té va vé mat loi ich x3 hoi.
Pay 1a mot dé tai ma ching toi dic biét quan tdm va dam mé va ching toi rat vui dugc
chia sé véi quy vi thiy c6 vé nhitng kham pha va két qua dang chil ¥ ma minh da dat
duoc.

Pé ¢6 dugc mot dd an chinh chu va dat dugc két qua tot dep, chung to61 thuc su
biét on sy gitp dd, hd tro rat nhidu tir thiy hudng dan ctia minh - thay PGS. TS. Nguyén
Tan Khéi cung voi sy gitp d& ctia Ths. Lé Van Khanh. Chiing t6i xin dugc giri 101 cam
on trin trong va trin quy nhat dén thay vi da tao diéu kién giup d& trong qua trinh nghién

cuu va phat trién du an.

Véi diéu kién vé thoi gian ciing nhu lugng kién thic vé dé tai rat rong ma kinh
nghiém con han ché khi con 1a mot sinh vién, d6 an nay khong thé tranh dugc nhirng
thiéu sot. Chiing t6i rat mong nhan duoc su chi bao, dong gop v kién cia céc thay co dé
c6 diéu kién bo sung, nang cao kién thirc cta chinh minh, phuc vu tét hon cong tac thuc

té sau nay.

Mot lan nita chan thanh cam on quy thay co!



CAM DOAN

Chung t6i cam doan rang trong qua trinh phat trién dy an xe tu hanh, chung t6i
khong str dung hodc an cp bat ky tai liéu ndo ma khong dugc phép. Chung toi thuc hién
dé tai nay dudi su hudng dan tryc tiép cia PGS.TS Nguyén Tan Khoi. Ching t6i cam

két tuan thil cac quy dinh va luat phap lién quan dén ban quyén va so hitu tri tué.

T4t ca cic cong trinh nghién ciru, tai liéu tham khao va ngudn thong tin khic dugc
sir dung trong d6 an déu dugc trich din va tham khao dung quy dinh. Ching t6i dam
bao tinh trung thyc va dao duic trong viée tiép can, sir dung va trinh bay thong tin tir cac
ngudn tai lidu co lién quan.

Chung t61 cam két tuan tha va dam béo tinh trung thyc va dao durc trong moi hoat
dong nghién ctru va phat trién, va sin sang chiu trach nhiém vé bat ky vi pham nao lién

quan dén s& hiru tri tué€ va tai liéu tham khao.

Sinh vién thyuc hién
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Thiét ké xe tw hanh da hwéng irng dung cong nghé Al

MO DAU

1. Muc dich thuye hi¢n dé tai

Muc dich chinh cta dé tai xe ty hanh 1 nghién ctru va phat trién mot hé théng xe
tur dong c6 kha ning di chuyén da hudng trong méi trudng bat ky ma khong can su can
thiép cua nguoi lai. Pé tai nhiam tao ra mot hé théng thong minh va an toan, c6 kha ndng

nhan dién méi trudng va dua ra quyét dinh diéu khién phu hop dé xe tu dong hoat dong.

- Dé tai c6 myc tidu nghién ciru cic cong nghé va phuwong phap phat trién hé thong
xe tu dong.

- Phan tich va xay dyng cac thuat todn va mé hinh dé xe tu dong nhan dién moi
truong va dua ra quyét dinh diéu khién.

- Phat trién va trién khai phan ctng va phan mém cho hé théng xe tir dong.

- Kiém tra va danh gia hi¢u suét va do tin cay cua hé théng xe tu dong.
2. Pham vi va d6i twong nghién ciru

- Pham vi deé tai tap trung vao phat trién mot hé théng xe ty dong di chuyén duoc
da hudng.

- Dbi twong nghién ciru 1a cac cong nghé va phuong phép lién quan dén diéu khién
xe ty dong, bao gém nhan dién moi truong, X 1y hinh anh, tri tué nhan tao va h¢
thong nhung.

3. Phwong phap nghién ciru

Nghién ctru dé tai xe ty hanh thudng sir dung phuong phap nghién ciru ki thuat va
thi nghiém. Phuong phap nghién ctru bao gém viéc tim hiéu cac cong nghé va phuong
phap hién co, thiét ké va xay dung hé thong, trién khai va danh gia hiéu suat va do tin
cdy cta hé thong.

4. Cu tric ciia do 4n

M¢ dau, phan tich va thiét ké hé thong, trién khai va kiém thir, danh gia két qua va
két luan.

- Mo dau gi6i thiéu van d¢, muc tiéu, pham vi va d6i twong nghién ctru ciia dé tai.

- Phén phan tich va thiét ké hé thong mo ta kién tric tong quan ctia hé théng, bao
gdém phan cing va phan mém.

- Phan trién khai va kiém thir trinh bay qua trinh xay dung va trién khai hé théng,

kém theo cac budc kiém thir va két qua.

SVTH: Nguyén Trung Puc, Pham Van Trong 1



Thiét ké xe tir hanh da hwéng iing dung cong nghé Al

- Danh gia két qua va két luan tong két lai cac thanh qua dat duoc trong dé tai.

- Ngoai ra, dd 4n t6t nghiép con c6 thé bao gdbm cac phan nhu tai liéu tham khao,
phu luc (néu co), va dugc trinh bay theo dinh dang va yéu ciu cia trudng/don vi

dao tao.
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Chwong 1: CO SO LY THUYET VE XE TU HANH

Hién nay hé tho”'ng xe ty dong dang dan phat trién manh mé va tré thanh muc tiéu
quan trong trong nganh cong nghé théng tin va cong nghé é 16, véi mong muon dem lai
1 hé thong ldi xe an todn va gidm thiéu sirc lao déng ciia con nguoi ching téi da tim
hiéu va phat trién thanh cong do dn vé xe tw hanh di chuyén da huéng. Pé dn da gidi
quyét diroc van dé ty dong nhdn dién cdc doi twong dwa ra cdc quyét dinh di chuyén an
todn va c6 kha ndng di chuyén da hudng, phuc vu trong cdc tinh hudng méi truong thuc

té di chuyén khé khdin ma nhitng 6 t6 hién nay chwa lam dwoc...
1.1. Tong quan vé dé tai
1.1.1. Cdc vin dé can gidi quyét
- Can thiét ké mo hinh phan cimg xe tu hanh
- Thu thap dir li¢u va xu ly dir liéu
- Phat hién va nhan dién d6i tuong, lan dudng
- Pua ra giai phap quyét dinh va duong di trong lic di chuyén.
1.2. Co sé 1y thuyét
1.2.1. 10T (Internet of thing)

Internet of Things (IoT) 1a mot khai niém mo ta mang ludi cac d6i tugng vat 1y
duoc két ndi voi nhau va vai Internet, cho phép chiing trao doi dir liéu va tuong tac véi
nhau thong qua cac giao thirc mang. Déi tuong vat 1y trong hé thong IoT co thé 1a cac
thiét bi dién tir, cam bién, may moc, phuong tién giao thong, cac d6i tuong thong minh

trong gia dinh (smart home), va nhiéu hon nita.

Céc thiét bi IoT thuong duoc trang bi cac cam bién va chirc nang két ndi mang dé
thu thap va chuyén dit liéu. Dir liéu ndy c6 thé 1a thong tin vé méi trudng xung quanh,
tinh trang hoat dong cua thiét bi, thong tin vi tri, hodc bat ky thong tin nao co6 lién quan.
Dit liéu nay sau d6 duoc chuyén dén cac hé théng phan tich va xir Iy dé tao ra thong tin

hiru ich, tir 46 hd trg viéc dua ra quyét dinh thong minh va cai thién hiéu qua hoat dong.
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Hinh 1.1: Tong quan vé IoT
1.2.2. Ngén ngit lap trinh Python

Python 1a mdt ngdn ngir 1ap trinh bac cao cho cadc muc dich lap trinh da nang, do
Guido van Rossum tao ra va 1an dau ra méit vao nam 1991. Python dugc thiét ké véi vu

diém manh la dé doc, dé hoc va dé nho

python’

Hinh 1.2: Logo Python

Ngbn ngir 1ap trinh Python c6 rat nhiéu thu vién va framework 16n thuan loi cho
viéc viét code va phat trién khoa Hoc mdy tinh. Python von 1 ngon ngir ndi tiéng vé su
don gian khéng cau ky, code dé hoc, d& doc, ¢t phap logic va ngin gon, con Hoc may
(Machine Learning) lién quan dén céac thudt toan cuc ky phtc tap va quy trinh lam viéc
nhiéu giai doan nén & day, su logic ngin gon va d& dang ctia Python dong vai trd quan
trong trong viéc tiét kiém thoi gian cua cac nha phat trién.

Mt khac, khi n6i dén Khoa hoc dit liéu (Data Science), Python cling c6 cac goi
dac biét danh cho céc cong viéc linh vuc nay nhu SciPy, NumPy hay Pandas tao diéu

kién cho viéc phan tich dit liéu va c6 thé dé dang tich hop véi cac tng dung web.
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Téi str dung ngdn ngit 1ap trinh Python dé cai dit Server v6i xdy dung mé hinh dé

nhan dién moi truong va diéu khién xe.
1.2.3. Raspberry OS

Raspberry Pi OS (truéc day duoc goi 1a Raspbian) 1a mot hé diéu hanh ma ngudn
md duoc phat trién danh riéng cho Raspberry Pi - mot dong may tinh nhung gia ré va
phd bién. Raspberry Pi OS dugc xay dung dua trén hé diéu hanh Linux Debian va tbi
vu hoa dé hoat dong tdt trén cac bo mach Raspberry Pi.

Raspberry Pi OS nhim cung cdp mot méi trudng hoat dong 6n dinh va dé st dung
trén Raspberry P1, dé tao diéu kién cho viéc phat trién va trién khai céac ung dung va du
an nhung. Raspberry Pi OS sir dung cong cu quan 1y géi APT (Advanced Package Tool)
dé cai dat va quan 1y phan mém. No ciing hd tro nhiéu ngdn ngit 1ap trinh nhu Python,
C/C++, Java va nhiéu ngon ngit khac, giup nguoi dung phat trién tng dung va du 4n
trén Raspberry Pi.

Raspberry Pi |OS

Hinh 1.3: Raspberry Pi

1.2.4. Thuw vign hé tro xiv Iy
1.2.4.1. OpenCV
OpenCV (Open Source Computer Vision) 1a mot thu vién ma ngudn mé va mién
phi cho xir Iy anh va thi giac may tinh. N6 duoc phat trién ban dau boi Intel va hién dugc
duy tri boi cac tac gia khac nhau trén toan cau. OpenCV cung cap mot loat cac thuat
toan va cong cu dé phan tich, xtr Iy va trich xut thong tin tir anh va video.

Uu diém:
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- Da nén tang: OpenCV hd tro trén nhiéu nén tang khac nhau bao gdm
Windows, Linux

- Xt ly anh va video: OpenCV cung cip cic ham va coéng cu manh mé& cho
xtt 1y anh va video, bao gébm chuyén d6i, loc nhifu, cin bang histogram,
bién ddi hinh hoc, phat hién canh, phat hién ddi tuong, va nhiéu thao tac

khac.

- Phan tich va nhan dang: OpenCV hd trg cac cong cu cho phan tich va nhan
dang, bao gém phat hién khuén mét, nhan dang doi tuong, theo doi chuyén
dong, doc ma vach va ma QR, va nhiéu cong nghé khéc lién quan dén nhan
dang va phan loai.

- Machine learning: OpenCV tich hop tinh ndng machine learning va deep
learning thong qua viéc hd trg cac thu vién nhu TensorFlow va PyTorch.
Diéu nay cho phép tmg dung céac thuit toan hoc may va mang no-ron trong
cac ung dung thi gidc may tinh.

- Tich hop véi ngdn ngit 1ap trinh: OpenCV hd trg nhiéu ngdn ngir 1ap trinh
nhu C++, Python, Java, va MATLAB

Hinh 1.4: Open CV

1.2.4.2. PyTorch

Pytorch 1a mot framework ma nguén mé hd trg cho Deep Learning dugc phit trién
bai Facebook. Cling véi Tensorflow va Keras, day 1a mot trong nhiing framework pho
bién nhét duoc sir dung trong cac bai toan vé tri tu¢ nhan tao.

Trong nghién ctru cic ing dung tri tué nhan tao, Pytorch thuong dugc uu tién su

dung vi c6 thé gitip trién khai cac bai toan mot cach dé dang. Pytorch hd tro dic luc cho
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cac nha phat trién thuc hién Debug (g& 161) va Data Visualize (truc quan hoa dit liéu)

v6i co ché Dynamic Computation Graph.

a) Nhitng loi ich khi sir dung PyTorch:

M3 ngudn mé giup PyTorch xay dung mot cong dong 16n manh véi ngudn

tai nguyén chit luong.

Kha ning xt Iy d6 hoa manh mé giup kiém soat CPU & GPU rd rang.

T4p hop nhiéu Pythonic ti nhién.

Dé dang xir 1y code khi gip bug.

C6 TouchScript gitp trién khai cac ing dung vao quy mo san xuat dé mo
rong quy mo.

Céac ham, ct phap co ban trong Pytorch giup xt Iy cac bai toan vé AI mot
cach nhanh chong.

b) Céc dic diém co ban ctia PyTorch

Tensor: Tensor c6 thé l1a mot vecto hoac ma tran da chi€u va dai dién cho
cac loai dir 1i€u. Tat céa cac gia tri trong mot tensor s€ c6 kiéu dir li¢u giong

hét nhau. Hinh dang cua dir 1i€u cling 1a kich thudc cdc mang hodc ma tran.

Tensor ciing ¢ thé dugc xir Iy boi CPU hodc GPU dé gitip hoat dong nhanh
hon. C6 nhiéu loai Tensor khac nhau nhu Float Tensor, Double Tensor, Half
Tensor, Int Tensor va Long Tensor. PyTorch st dung Float Tensor 32-bit

lam mac dinh.

Céc hoat dong toan hoc: Code dé thuc hién cac phép toan trong PyTorch
cling gidng nhu trong Numpy (mdot thu vién toan hoc pho bién ctia Python).
Ngudi dung can khai tao 2 Tensor va thuc hién cac phép toan nhu cong,
trir, nhan va chia véi ching.

Dynamic Computation Graph: Cac d6 thi tinh toan trong PyTorch cho phép
framework tinh toan cac gia tri gradient cho cac Neural Network dugc xay
dung. PyTorch sir dung Dynamic Computation Graph cho phép ngudi dung
c6 thé xay dung xen k€& va dinh gia dd thi. Ngoai ra, dang dd thi nay con

than thién voi Debug vi cho phép thuc thi code tirng dong.

Tom lai, Dynamic Computation Graph 1a mét tinh ning quan trong khién

PyTorch tr¢ thanh lya chon uu tién trong nganh.
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- Dataset va DatalLoader: Lam viéc vdi bo dit 1i€u 16n yéu cAu tai tat ca dit
liéu vao bd nhé trong mot 1an duy nhat dé tiét kiém thoi gian. Diéu nay gy

ra tinh trang day bd nhé va cac chuong trinh chay chiam.

- PyTorch cung cip hai dit liéu ban dau la DataLoader va Dataset cho phép
nguoi dung sir dung dit li€u cia riéng ho cling nhu céac tap dir liéu duoc tai

trudc.

- Khoi tao ma tran: Dé khoi tao ma tran vdi cac s6 ngau nhién trong PyTorch,
ta s& sir dung ham randn () va cung cap mot tensor chira day cac s6 ngau
nhién. Cac phép toan ma tran co ban va phép toan chuyén vi trong PyTorch

cling tuong tu nhu NumPy.
¢) Céac module pho bién trong PyTorch

- Autograd: Autograd la module phan bi¢t ty dong ciia PyTorch. Module nay
tao ra mot do thi xoay chiéu cé hudng véi mot Tensor d4u vao va mot tensor

dau ra.

- Optim: Optim 12 mot package véi cac thudt toan dugc viét sdn cho cac trinh
t61 wu hoa, co thé dugc st dung dé xay dung Neural Network (Mang no-
ron nhan tao trong Al)

- Nn: nn bao gdm céc class khic nhau gitp xay dung cac md hinh Neural

Network. Tt ca cac module trong PyTorch déu 1a cic subclass ciia nn.

O PyTorch

Hinh 1.5: Pytorch

1.2.4.3. Sklearn

Scikit-learn (Sklearn) 13 thu vién manh mé& nhat danh cho cac thuét toan hoc may
dugc viét trén ngon ngir Python. Thu vién cung cap mot tp cac cong cu xir 1y cac bai
toan machine learning va statistical modeling gom: classification, regression, clustering,
va dimensionality reduction.
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Thu vién duoc cip phép ban quyén chuan FreeBSD va chay dugc trén nhiéu nén

tang Linux. Scikit-learn dugc sir dung nhu mét tai liéu dé hoc tap.

Dé cai dat scikit-learn trude tién phai cai thu vién SciPy (Scientific Python).

Nhitng thanh phan gom:
Numpy Goi thu vién xtr Iy ddy sd va ma tran nhiéu chiéu
SciPy Goi cac ham tinh toan logic khoa hoc

Matplotlib | Biéu dién dit liéu dudi dang d6 thi 2 chiéu, 3 chiéu

Python Notebook dung dé twong tac truc quan véi Python

SymPy Goi thu vién cac ki tu toan hoc

Pandas Phan tich dir li¢u dudi dang bang

Nhitng thu vién mo rong ctua SciPy thuong duoc dat tén dang SciKits. Nhu thu
vién nay la goi cac 16p, ham sir dung trong thuat toan hoc may thi dugc dat tén la scikit-
learn.

Scikit-learn hd trg manh mé trong viéc xdy dung cac san pham. Nghia 14 thu vién
nay tap trung sau trong viéc xay dyng cac yéu t6: d& st dung, dé code, dé tham khao, dé

lam viéc, hi¢u qua cao.

Mic du duoc viét cho Python nhung thyc ra cac thu vién nén tang cua scikit-learn
lai duoc viét dudi cac thu vién cua C dé tang hi¢u suét 1am viéc. Vi du nhu: Numpy(Tinh
toan ma tran), LAPACK, LibSVM va Cython.

1.2.5. Giao thirc HTTP

HTTP 1a viét tat ciia HyperText Transfer Protocol, 1a mot giao thirc truyén tai siéu
vin ban, giup cho cic mdy tinh co thé giao tiép véi nhau qua mang. HTTP 1a nén tang
ctia World Wide Web két ndi giita may chu (server) va may khach (client) trong cing
mot hé thdng mang.

V61 kha nang mo rong da dang, HTTP khong chi dugc str dung dé tai cac tai lieu

siéu van ban, ma con dé truyén tai hinh anh, video va tham chi dé dang tai ndi dung lén
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may chu, chiang han nhu két qua cua cic biéu mau HTML. Ngoai ra, HTTP ciing c6 thé
sir dung dé tai 1én cac phan cta trang web, giup cip nhat ndi dung theo yéu cau.

HTTP duogc st dung rong rai trong viéc truy cap cac trang web trén Internet. Khi
ban nhap mot dia chi web vao trinh duyét, trinh duyét sé giri mdt yéu cAu HTTP dén
may cht web, va may chu web s& tra vé mot phan héi HTTP chira md HTML cua trang
web do. Trinh duy¢t sé doc ma HTML va hién thi trang web cho ban xem. Ban c6 thé
thdy cac yéu cau va phan héi HTTP bang cach sir dung cong cu kiém tra mang (network

inspector) cua trinh duyét.

Loy iL.cas _ —
- T _—:_:;; Web servei
I ﬂ The Internet /k L
GET video.m
- s e
oe—Tart aas ipg

/

Web document

Ads server Video servel

Hinh 1.6: Giao thwe HTTP

1.2.6. Giao thirc RTSP

RTSP- Real Time Streaming Protocol hay con goi 14 giao thirc truyén tin theo thoi
gian thuc duogc str dung dé truyén phat cac dir liéu truyén truc tiép hodc cac ludng da
phuong tién(media stream) thong qua mang. Giao thirc nay thuong dugc sir dung trong
cac ing dung truyén phat video va am thanh truc tiép trén Internet, video hoi thao truc

tuyén va img dung giam sat.

RTSP cho phép ngudi dung diéu khién viéc truyén phat phuong tién bang cach
thuc hién cac hanh dong nhu play (phat), pause (tam dung), stop (dung), va seek (tim
kiém) trén ludng phuong tién. N6 cung cip mot giao dién giita may cha phat va may
khach truy cip, cho phép mdy khach yéu cau cac phuong tién tir may chu, diéu khién
phat va nhan luéng phuong tién.

Giao thitc RTSP st dung co ché TCP/IP dé truyén phat dit liéu truyén tryc tiép va
st dung cac phuong thirc nhu OPTIONS, DESCRIBE, SETUP, PLAY va TEARDOWN
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dé thiét 1ap va diéu khién cac ludng phuong tién. N6 ciing hd tro cac phuwong thirc bd
sung nhu PAUSE va GET PARAMETER.

RTSP c6 thé 1am viéc cung véi cac giao thirc phuong tién khac nhu RTSP (Real-

time Transport Protocol) dé truyén phat cac ludng phuong tién truc tiép.
1.2.7. Mit App Inventor

App Inventor 1 mot tng dung web mi ngudn mé duoc cung cip bsi Google tir
thang 7 ndm 2010. Sau nay, App Inventor dugc quan ly bdi Vién Cong nghé
Massachusetts hay con goi 1a MIT hay con goi la Mit App Inventor.

App Inventor s& hoat dong dua trén nén tang di dong Android. Tirc 13 cac thanh
ph'flm dugc tao ra tor App Inventor s€ chi hoat dong duoc trén Android. Giao dién cua
App Inventor bao gom céc khdi hop, bén trong 14 cac doan ma. Khi st dung, ngudi ding
s& kéo tha cac khdi nay vao bang ma dé tién hanh lap ghép thanh mot ing dung hoan
chinh. Nhin chung, cach sir dung App Inventor rit don gian, tit ca chi xoay quanh thao
tac kéo va tha.

MBoi truong 1ap trinh App Inventor ¢ cach tiép can twong ty nhu Scratch, cau 1énh
déu 1a nhiing khdi 1énh truc quan dugc kéo tha dé tao ra cac ung dung tr don gian to1
phtc tap. Cac ting dung c6 thé chay truc tiép trén céc thiét bi di dong nhu dién thoai va

may tinh bang.

APP INVENTOR

@ Young can Gl

Hinh 1.7: Mit App Inventor
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Chuwong 2: PHAN TiCH VA THIET KE HE THONG

Trong dé dn nay, ching téi sé tién hanh phan tich va thiét ké hé thong cho xe tw
hanh da hwéng vmg dung céng nghé AL Phan tich va thiét ké la cdc bude then chot trong
qud trinh phdt trién hé thong, giip dam bdo rang tdt ca cdc yéu cau ky thudt va chirc
nang déu dwoc xdc dinh ré rang va dwoc dap iing mot cach hiéu qud. Triede hét, ching
16i € tién hanh phan tich cdc yéu cau ciia hé thong, bao gom ca yéu cau tir phia nguoi
diing va cdc yéu cau kj thudt chi tiét. Tiép theo, chiing téi sé thiét ké hé thong, tir ciu
triic phan ciing dén cdc thudt toan AI va phan mém diéu khién, nham dam bdo rang hé
tho”'ng xe tw hanh ¢ thé hoat dong mwot ma, hiéu qua va an toan. Muc tiéu cua chuong
nay la cung cdp mot nén tang viing chdc cho viéc trién khai va phdt trién hé thong xe tu
hanh trong cdc chwong tiép theo.

2.1. Phan tich van dé
2.1.1. Nhén dién va nhgn biét méi truwong

Pé xe c6 thé di chuyén trong méi trudng thyc té, chung ta can xac dinh duge moi
truong xung quanh. Dt li€u thu thdp dugc trong mai truong hién tai la dir kién gitip hé
thong dua ra quyét dinh cho xe di chuyén.

a) Camera

- Puoc st dung dé quan sat hinh anh phia trudc vat thé. Diéu nay cho phép
hé thong biét khong gian phia trude ctia xe gom nhiing gi, ¢ vat can hay
khéng.

- Camera dugc gan 6 vi tri phit hgp dé camera c¢6 goc nhin da rong vi tri quan
sat tot nhat ma khong anh hudng toi két ciu va sy 6n dinh ctia mé hinh.

- Ngoai ra camera phai dam bao chat luong hinh anh, do phan giai thich hop,
kha ning nhin trong diéu kién anh sang yéu, tbc do dudng truyén nhanh dé
phtt hop véi yéu cau hoat dong trong thoi gian thuc.

b) Cam bién siéu 4m

Vi goc nhin ctia camera bi gi¢i han va luén ¢6 dinh 1 huéng vé phia trudce
xe. Trong khi thyc té ta cin nhiéu hon thé. Tudng trong nhu khi ta 1ai xe thi mat
tap trung quan sat phia trude 1a chwa du. Ta can dong thoi quan sat guong chiéu
hau dé quan sat 2 bén va phia sau xe dé tranh xe vuot 1én.

Dé giai quyét van dé nay cam bién siéu 4m 13 mot lua chon tbt bai cac tinh

nang:
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- Do khoang cach tir xe dén cac vat thé xung quanh.

- Cam bién si€u am phat ra soéng siéu am va do thoi gian phan xa dé tinh
toan khoang cach.

- (o0 thé sur dung nhi€u cam bién siéu am duogc dat ¢ cac vi tri chién lugc

trén xe dé do khoang cach tir nhiéu hudng.

¢) Két hop 2 cong nghé

Str dung két hop 2 cong nghé nay giup hé théng xay dung, mé hinh héa

khong gian xung quanh. Diéu nay yéu cau hé thong phai c6 1 phuong thirc két

hop 2 dit li¢u dau vao nay voi nhau hiéu qua nham nang cao hi¢u suat cia hé

théng.

2.1.2. Piéu khién xe

Sau khi d biét dugc moi truong xung quanh, can di huéng nao thi bay gio 14 ra

quyét dinh diéu khién xe.

a) Két hop dir liéu dau vao

Két hop cac dir liu dau vao thu duogc tir cac cdm bién va camera, gia tri cia
4 cam bién siéu am, hinh anh tir camera lam dir liéu dau vao cho viéc ra

quyét dinh

Pua dit liéu vé dinh dang chinh x4c ma thuat toan mong mudn, can kiém
tra cac diéu kién dé bao dam dy tinh toan ven va ding dén cta dit liéu. Diéu
nay giup loai bé cac ky tu dac bi¢t, chuyén d6i don vi do luong, dinh dang
cling nhu chuyén d6i kiéu dit liéu

Trudce khi &p dung cac thuat toan hoac phan tich dir liéu, ta can thuc hién
cac bude tién xtr Iy dit 1iéu nhu xtr 1y dit liéu thiéu, xtr Iy nhiéu, chuan hoa,

chuin ho4 hodc gidm kich thudc dit 1i€u, tach dir li¢u thanh cac dac trung,...

b) Ra quyét dinh

Sau khi da c6 dir li¢u dau vao, dir liéu da dugc huan luyén thi ta can giai

thuat dé dua ra quyét dinh. Giai thuat nay phai dap tmg dugc nhing yéu cau

Sau.

Giai thuat can dap Gmg yéu cau vé thoi gian phan hoi nhanh. N6 phai xtr Iy
dir liéu va dua ra két qua trong khoang thoi gian cu thé, thuong chi trong
vai mili gidy hoac tham chi nano gidy. Ti 1é¢ nhan dang c6 ti 1€ nhan dang

chinh xac du 16n
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- Giai thuat can c6 thoi gian thuc hién du doan hoac xu 1y dit li¢u rat nhanh.
Diéu nay doi hoi st dung cac thuat toan hi¢u qua va t8i wu, tranh sy tré va
qua tai trong qua trinh tinh toan

- Giai thuat phai dam bao tinh tin cay trong viéc xu 1y dit liéu. N6 can xtr Iy
dir liéu mot cach chinh xac va dang tin cdy, tranh 16i va nhiéu.

- N6 phai dam bao str dung tai nguyén nhu bd nhd, CPU va bang thong mang

mot cach t6i vu dé dap iing yéu cau vé thoi gian phan hoi.

- Can xtr Iy dong thoi cac tac vu hodc ludng dit liéu. N6 phai dam bao kha

nang xir Iy da ludng va xir 1y dit liéu dong thoi mot cach hiéu qua
¢) Anh hudng tir méi trudng thuc té

Khi xe chay trong méi truong thuc té s& co rat nhiéu yéu td bén ngoai tac
dong vao kha ning hoat dong ctia xe ¢ thé ca chu quan va khach quan. Chu
quan nhu tinh on dinh cua xe, d6 rung l4c cua camera... Khach quan nhu khong
gian thuc té nhu do nghiéng mat duong, do cao 1é duong, tbe do duong
truyén,... cling anh hudng rat nhiéu dén kha ning ra quyét dinh chinh xac cia
giai thuat. Diéu ndy doi hoi ta phai co nhitng giai phap dé giam thiéu téi da
nhitng anh huong nay. Nhu diéu chinh dit lidu, cac trong s, thiét ké phan cing
tot nhat.

2.2. Kién truc phan cirng cua xe

2.2.1. Yéu cdu hé thong

Hé thong can 1 bd xir 1y trung tim manh mé dé tinh toan dix
Xir 1§ trung tam liéu hinh anh két hop vi cac dir liéu cam bién, dua ra két qua
mot cach nhanh chong va chinh xac

Heé thdng xe ty hanh can mot khong gian Iuu trir du 16n dé co
B6 nhé thé luu trir dir liéu mo hinh va tiép tuc thu thap thém dir liéu
trong qua trinh di chuyén, tao 1 tap dir li¢u da dang giup mod
hinh ¢6 thé hoc siu va dua ra cac quyét dinh mot cach chinh
Xac
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Giao tiép giita bo xtr 1y trung tim va dong co can phai lién
két va truyén két qua 1 cach nhanh chéng, dép tng nhu cau

thue té, tranh xdy ra truong hop dut giy lién két, mét tin hiéu

Giao tié A 1A A C A 22 R\
P khién hé thong xe roi vao tinh trang mat di€u khién va xay ra
nhiing sy ¢6 ngoai y mudn
H¢ thong cam bién ciia mo hinh phai dua ra dugc két qua
SRy iéng voi thuc té nhét, giam sai s6 trong tinh toan va c6 dugc

cac quyét dinh 1 cach chinh x4c hon

Hé thdng xe can thém phan diéu khién tir app bén ngoai dé
Thanh phin didu c6 thé diéu khién hudng di cua xe gitp xir Iy nhitng truong
Kkhién hop khan cap nhu mét két ndi hay hé thong Al dua ra két qua

khong chinh x4c do méi truong chua thuan loi.

Nguén dién phai dap tng duge cho dong co trong khoang
Ngudn dién thot gian dai dé cc? thé d1‘ chuyén xa va ddm l?ao tinh onﬁ dinh,
cling nhu cung cap nguon dién cho cac thi€t bi cé thé hoat

dong ding cong suit

Mo hinh can phai thiét ké can doi, phtt hop cho viée di chuyén
va vi tri ldp cac linh kién trén xe dé c6 thé thu thap dir lidu
cho mé hinh AT moét cach chinh xac.

Thiét ké vat ly

2.2.2. Thiét ké hé thong
a) Thiét ké vat ly
Mo hinh hé théng dugc thiét ké qua ban v& 3D va trién khai hé thong
mach dién b%lng draw.io, qua qua trinh cap nhat d6i méi thiét ké dé dua ra mo
hinh phu hop nhat, dap img dugc cac diéu kién yéu cu dit ra cho mo hinh.

Dudi day 1a so d6 thiét ké khung xe:
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Hinh 2.1: Tong thé thiét ké mé hinh 3D cho xe tir hanh

b) Thiét ké hé thong mach dién

O day ching t6i stir dung Raspberry pi 4 Model B v6i 40 chan GPIO cho
phép mé hinh tich hop véi cac thanh phan khac nhu déng co budce, cam bién
siéu Am va cac bo diéu khién dong co. Duéi ddy 1a so d6 tong thé cia cac hé

théng:
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PUL +

b

ENA+ GND PUL+| |DIR + ENA+ |GND

Hinh 2.2: So do téng thé mach dién hé tho”'ng

Nguodn cung cap

Hai 4c quy 12V DC (Acquy 12V DC) cung cip
ngudn cho hé thong.

Céc cau chi (Cau chi 1.5A) duoc st dung dé bao
v€ mach khoi qua tai dong dién.

Céc cong tic (Cong tic) dé bat/tit ngudn cho céac
phan ctia mach.

Pén Led dung dé thong bao c6 dong dién di qua
hay khong.
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bién tro

bién tro 6k8Q duogc st dung dé gi61 han dong

dién.

Dong co bude

Bdn dong co budc size 57 (Step motor Size 57)
duoc diéu khién bsi cac driver MD556.

Driver MD556

Mdi dong co budc duge didu khién boi mot
driver MD556.

Céc két ndi tir driver dén dong co budc bao
g6m1A+,A-,B+,B-

Raspberry Pi 4

Raspberry Pi 4 12 bo diéu khién trung tam ctia hé
théng.
Céc chan GPIO ciia Raspberry Pi dugc két ndi

v6i cac driver dong co bude dé dieu khién chiing

Cam bién si€u am

Bdn cam bién siéu 4m (Cam bién siéu am) dugc
st dung dé phat hién vat can hodc khoang cach.
Céc cam bién nay ciing duoc két nbi voi
Raspberry Pi.

Camera

Mot camera dugc két noi voi Server dé€ ghi nhan

hinh anh hoac video.

Nguén 5V-DC

Ngudn 5V DC dé cung cip ngudn cho Raspberry
Pi va Camera

Router Wifi 4G

St dung router Wifi 4G dé cung cép Internet cho
toan bo hé théng hoat dong.

2.3. Kién tric phan mém

2.3.1.Yéu ciu hé thong
a)  Hé diéu hanh

SVTH: Nguyén Trung Puc, Pham Van Trong
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- Hé thdng can c6 mot hé didu hanh (Operating System) dé quan 1y va diéu
phéi cac tac vu va tai nguyén cta hé thong. Hé diéu hanh can hd tro c4c tinh
ning co ban nhu quan 1y bd nhd, quan 1y nhiém vy, giao tiép voi phan climg
va quan 1y 16i.

- Hé diéu hanh can du nhe twong thich véi phan cimg va cac module phu hop
cho raspberry

b)  Thuit toan diéu khién

Thuat todn phai dua ra dugc do chinh x4c cao va tinh 6n dinh trong nhiéu
tinh hudng thuc té, giam ti da cac phép toan co thé dé tdi vu mé hinh, c6 thé ra

quyét dinh trong cac tinh hudng phuc tap,...
c)  Thuat toan xir 1y hinh anh
Hinh anh dau vao can duoc tién xtr Iy va dwa vao mé hinh, phai trich xuét

dugc cac dac trung tir hinh anh, dua ra duogc vi tri cac vat can, dya vao do co thé
xéc dinh kich thudc va vi tri vat can dé c6 thé dua ra hudng di tot nhat
d)  Quan ly dir lidu
Dt li€u phai dugc thu thap va luu trlr vao b nhé, phai duoc td chirc mot
cach r0 rang va déy du, luong dir li¢u nay s€ duogc st dung cho mé hinh tiép tuc
hoc va phat trién, cai thién d6 chinh xéac
e)  Kétndi mang
Két n6i mang phai dam bao tin hiéu duong truyén, khong giat lag, khong
mat mat dit liéu, khong gian doan trong qua trinh truyén tai dé mo hinh c6 thé
hoat dong mot cach 6n dinh nhat
f)  Tuong thich va mo rong
Heé thdng phai co su tuong thich cho nhidu loai mé hinh, phu hop cho sy

phat trién trong thuc té, két hop nhiéu moé hinh lai v6i nhau dé dua ra mot cai

nhin t6ng quan vé dir liéu thyc té va cé quyét dinh chinh xac nhat
2.3.2.Thiét ké hé thong
a) Tong quan vé hé

Heé théng 1a sy két hop giita cic md hinh AL xir 1y anh, cac phép toan duya trén
cac dir lidu dau vao tir camera va cam bién dé c6 thé dua ra quyét dinh di

chuyén, tranh vat can, bam lan, c6 thém h¢ thong xtr Iy su c6 ngoai y muon nhu
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mat két ndi, trong tinh trang thuc té xe khong di chuyén duoc dé tranh xay ra

rii ro ngoai y muon

App didu khién

&

Cam bién sidu dm |:> May tram Raspberry :> Driver MD 556 :> Stepper motor

Bd diéu khidn trung
tdm GPU

Hinh anh tir camera

Hinh 2.3: So do khoi hé thong tir hanh

b)  Giao tiép HTTP

Duéi ddy 1a so dd mé ta cho cach hoat dong cua giao thic HTTP vé trao doi dir

li¢u gitra Server va Raspberry pi.

L J
A J

Server Speed Spead Rasberry Pi

A
Y

Hinh 2.4: Hoat dong ciia giao thirc HTTP trao doi théng tin giita Raspberry va
Server
c) Xuly da luong trén RaspberryPi
Vi h¢ thong can sy chinh xac va téc do vy nén viée xir 1y da ludng 14 rat can
thiét dé hé thong co thé tinh toan 1 cach doc lap, nhan cac tin hiéu diéu khién tir nhiéu

nguon khéc nhau, xur 1y song song cho cac tinh hudng,...

d) Raquyét dinh
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Sau khi hé thdng tinh toan xong va dua ra quyét dinh huéng di, dir liéu diéu
khién s& dugc truyén tir server xudng cho raspberry dé diéu khién dong co di chuyén

theo huéng mong mudn.
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Chuwong 3 :TRIEN KHAI VA KET QUA THU'C NGHIEM

3.1. Lwa chon phin cing

3.1.1. Board mach Raspberry Pi
Trong dir 4n ndy toi sir dung Raspberry Pi 4 Model B dé 1am b6 xur Iy chinh trén
xe v&i nhiém vu 1a bo xur 1y chinh cho hé théng xe tu hanh. Trén Raspberry 1a noi nhan
thong tin tir server, dong thoi 13 noi thu nhan cac gia tri tir cam bién siéu am va gui vé

cho server va ra la noi diéu khién quyét dinh di chuyén cua xe.

T [6P10) 5 Rospberry Pi o4 Model B
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J
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-
-
-
-
-
-
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-
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Hinh 3.1: Raspberry Pi 4 Model B- 4GB
a) Thong s6 k¥ thuat Raspberry Pi 4 Model B

- Broadcom BCM2711, Quad core Cortex-A72 (ARM v8) 64-bit SoC @
1.5GHz

- RAM 4GB

- Wifi chuan 2.4 GHz va 5.0 GHz IEEE 802.11ac. Bluetooth 5.0, BLE

- Coéng mang Gigabit Ethernet

- 2¢6ng USB 3.0 va 2 cong USB 2.0

- Chuén 40 chan GPIO, twong thich véi cic phién ban trudc

- HO tro 2 cong ra man hinh chudn Micro HDMI véi d6 phan giai 16n t6i 4K

Cong MIPI DSI
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Cong MIPI CSI

Cong AV 4 chan

H.265 (4kp60 decode), H264 (1080p60 decode, 1080p30 encode)
OpenGL ES 3.0 graphics

Khe cidm Micro-SD cho hé diéu hanh va luu trit

Ngudn dién DC 5V — 2A DC chuin USB-C

5V DC via GPIO header (minimum 3A%*)

Hb trg Power over Ethernet (PoE) (yéu cau c6 PoE HAT)

b) Thiét bi di kém

Nguén DC 5V=2A
Thé SD 32GB

c¢) Ly do lya chon

Raspberry pi 4 Model B ¢6 kich thudc nho gon chi bang 1 thé tin dung cho
phép ngudi dung dé dang tich hop vao hé théng

Vi 40 cong GPIO cho phép Raspberry dé dang mo rong, tich hop véi cac
module khac

Hb trg phan mém Raspberry Pi chay trén hé diéu hanh Linux va c6 sin
nhiéu phién ban hé diéu hanh nhu Raspbian, Ubuntu Mate va RetroPie, c¢6

thé sur dung Python, Java, C/C++ tao diéu kién tot dé phat trién phén mém

Cong dong 16n va nhiét tinh, dé dang tim kiém tai liéu huéng dan

3.1.2. Camera ImoulLife

Chung t6i lyra chon str dung Camera Cue2 — 1 dong Ip camera duoc cung cip boi

Dahua.
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Hinh 3;2: “Camera Im—oulife CQéZ

a) Thong s6 ki thuat

Do phan gidi 2 MEGAPixel cam bién CMOS kich thuéc 1/2.77,
25/30fps@2.0M(1920x1080)

Chuan nén H.265 — D6 nhay sang tdi thiéu 1.96lux/F1.2(color), 0
lux/F1.2(IR on)

Ché do ngay dém(ICR), chdng ngugc sang DWDR, tu dong can bang tring
(AWB), tu dong bu sang (AGC), chéng nguoc sang(BLC), Chéng nhiéu
(3D-DNR)

Tam xa hong ngoai 10m vdi cong nghé hong ngoai théng minh
Tich hgp coi bao dong cung tinh ndng Human detection

Ong kinh ¢ dinh 2,8mm cho géc nhin 112°(H), 59°(V), 135°(D)
Tich hop mic va loa v6i chuan 4m thanh G.711a/G.711u/PCM
Pam thoai hai chiéu

H& trg khe cidm thé nhé Micro SD, Max 256GB

Tich hop Wi-Fi(IEEE802.11b/g/n)

HO trg P2P, chuan twong thich ONVIF

Dién ap DC5V 1A, cong suat <2,5W

b) Ly do lya chon

- Kich thuéc nhé gon nhe, dé dang két ndi thong qua RTSP
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- Véi nhitng thong s6 k¥ thuat trén thi hinh anh dau ra dam bao chat luvong cho

vi€c xu 1y hinh anh

3.1.3. Stepper Motor

Bo6 Dong Co Budce 57 57byg250b M6 Men Xodn 1.2n. M Dai 56Mm + DM556
Bo Diéu Khién 4.2A

/

www.pololu.com

Hinh 3.3: Stepper Motor

a) Thong s6 k¥ thuét stepper Motor

Kich thudc mat bich: 57x57 mm
Chiéu dai than

Dong chiu tai 4A

Goéc budce 1,8 Istep

Momen xoén trén truc: 1,2Nm

Puong kinh truc 8mm

b) Ly do lya chon

Diéu khién: DM556 B0 diéu khién 4.2A 1a mot b diéu khién manh mé& va
dang tin cdy cho bd dong co budc. N6 hd tro dong di¢n dén 4.2A, cho
phép kiém soat chinh xac va 6n dinh cac budc chuyén dong ciia bo dong
CO.

Tuong thich: Bo dong co 57byg250b va DM556 B diéu khién dugc thiét

ké dé tuong thich v6i nhau, dam bao sy twong thich va kha nang lam viéc
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t6t v6i nhau. Diéu ndy giam dang ké rui ro lwa chon céc thiét bi khong

tuong thich va dam bao tinh 6n dinh cta hé thng.

- Hiéu suit: Két hop giira bo dong co 57byg250b va DM556 Bo diéu khién
4.2A cung cép hiéu suét tot. Ta co thé dat dugce dd chinh xéac va dang tin

cdy trong viéc diéu khién vong quay va vi tri ctia bd dong co bude.
3.1.4. Driver DM556

Driver Diéu Khién Pong Co Budc DM556 13 phién ban nang cip voi IC va thut
toan xir Iy DSP vuot trdi cho kha ning chdng nhidu, d6 6n dinh va d6 6n thap (thir
nghiém thuc té cho thay tiéng 6n va d6 rung cua dong co giam di rat nhiéu lan, dong co
chay ém, muot), hinh dang, kich thudc, cach st dung cia DM 556 hoan toan tuong thich
v61 phién ban cil.

Driver diéu khién dong co budéc DM556 duoc sir dung dé diéu khién dong co budc
2 phase va 4 Phase, Driver c6 chét luong tdt, do bén va do on dinh cao, 13 loai thuong

duoc sir dung nhét trong may Cét Laser, may CNC ¢& trung hién nay.

Hinh 3.4: Driver DM556

a) Thong s6 ky thuat
- Dién &p str dung: 20 ~ 50VDC.

- Dong dién ngd ra t6i da: Max 4.2A.
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Céc tuy chinh vi budce: 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128; or 1/5, 1/10,
1/20, 1/25, 1/40, 1/50, 1/100, 1/125

Céc tuy chinh dong dién: 1.0A, 1.46A, 1.91A,2.37A, 2.84A,3.31A, 3.76A,
4.20A

Giam d6 néng motor bang céng nghé implementation of 3-state current
control.

Xung diéu khién: PULSE/DIRECTION & CW/CCW

Tich hgp cong nghé ty dong can chinh phu hop védi dong co.
Tan sb xung toi da: 300 KHz

Tuong thich murc tin hiéu TTL 5VDC va tich hop Opto cach ly giao tiép
v61 mach diéu khién

Automatic idle-current reduction.

15 selectable resolutions, up to 25,000 steps/rev

Str dung cho dong co 2 Phase va 4 Phase.

Bao vé Ngén mach, Qua ap, dong, nhiét do tich hop.

Kich thudc: 4.65 X 2.97 X 1.30 inches; 10 oz

CE, ROHS certified

b) Ly do Iya chon

Hi¢u suat cao: Driver DM556 c6 kha nang cung cap dong dién cao va mo-
men xoan 1én cho dong co budce. Di€u nay gitp ddm bao hi¢u suat cao va

do chinh xac trong qua trinh hoat dong.

Béo v¢ qua tai: Driver DM556 ¢6 tinh ndng bdo v¢ qua tai, giap ngan chan
viéc dong co budce bi hur hong do qua tai. Néu dong dién hodc md-men xodn
vuot qua gi61 han da dinh trude, driver s€ ty dong tat nguén hodc gidm dong
dién dé bao vé dong co.

Ché do chay muot ma: Driver DM556 c6 kha nang diéu chinh tdc d6 va gia
téc ctia dong co bude. Didu nay cho phép chay muot ma va tranh tinh trang
rung, dong co budc bi ket hoac mat budc.

Tinh linh hoat cao: Driver DM556 hd trg nhiéu ché d6 diéu khién, bao gdm
ché d¢ vi tri, ché d6 van tdc va ché do ty 1¢. Dicu nay cho phép ung dung

trong nhiéu linh vuc va kiéu di€u khién khac nhau.
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- D@ sir dung: Driver DM556 c¢6 giao dién don gian va dé sir dung. N6 dugc
thiét ké dé dé dang cai dat va két ndi véi cac thanh phan khac trong hé théng
diéu khién.

- Do tin cdy cao: Driver DM556 dugc xay dung véi cac linh kién chét luong
cao va tuan thu cdc tiéu chudn san xuit nghiém ngit. Diéu nay dam bao do
tin cdy cao va tudi tho dai cho driver.

3.1.5. 4G LTE Wi-fi Router APTEK- L300

4G WiFi Router APTEK L300 duoc thiét ké véi mot cong Fast Ethernet WAN,
RJ45, chuyén cung cip toc d6 mang tiéu chuan cho SOHO, ho gia dinh, van phong...
Bén canh d6 APTEK L300 con duoc trang bi 4 cong Fast Ethernet LAN, RJ45 cho phép

két ndi thém thiét bi hodc phuc vu cho viéc mé rong mang dién ra dé dang.

Hinh 3.5: 4G LTE Wi-fi Router APTEK- L300
a) Thong s6 ki thuat

- Router 4G/LTE 1 SIM slot tuong thich véi tat ca cic nha mang, khong can

cau hinh
- 1 cong Fast Ethernet WAN
- 4 cong Fast Ethernet LAN
- 2 anten bang tan 2.4GHz chuan 802.11n v&i toc do 300Mbps.
- 2 antenna LTE c6 thé thdo roi, dd nhay cao.

- HO tro tinh ning ty dong thiét 1ap lai két ndi 3G/4G sau khi bi mat két ndi
3G/4G
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Chtrc ning giéi han s luong két ndi.
Lap lich tat/mo WIFL, Lap lich tu dong Reboot.

V6 sdt gitp thiét bi chiu dugc nhiét d6 cao, moi truong khic nghiét

b) Ly do Iya chon

3.1.6.

Két ndi 4G/LTE: APTEK L300 hd trg két ni 4G/LTE, cho phép truy cap

Internet véi toc do cao va do on dinh tot.

Téc dd WiFi chuian N 300Mbps: Vi tbc do truyén dit liéu 1én dén
300Mbps, APTEK L300 cung cip két ndi WiFi nhanh chéng va 6n dinh
cho nhiéu ngudi ding cing lic. Pidu nay rat hiru ich trong cic moi truong
c¢6 nhu ciu str dung Internet nhanh va do tré thip, nhu trong viéc truyén dix
liéu, truy cép truc tuyén va chia sé tai nguyén mang.

Tinh linh hoat va dé dung: APTEK L300 duoc thiét ké dé dé dang cai dat
va ciu hinh. N6 cung cip giao dién quan 1y web va hd trg nhiéu tinh ning
nhu quan 1y bang thong, loc dia chi MAC, tao mang khach va nhiéu hon
nura.

D0 tin cdy va bdo mat: APTEK L300 c6 tinh nang bao méat cao, bao g6m

ma hoa WPA/WPA2, han ché truy cap dua trén dia chi MAC va tudng lira.

Banh xe Omni

Str dung 4 banh xe da huéng Mecanum Omni, véi 9 con lan

Hinh 3.6: Banh Xe Mecanum 97mm
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a) Thong s6 k¥ thuét
- Go6c:45°

Mau sac: bac, den

Chat li€u: nhua + cao su silicon

Kich thudc:

e Duong kinh: 9.7cm
e DO day: 4.6cm

Trong luong : 250g
b) Nguyén 1y str dung
- Rét linh hoat trong vi¢c di chuyén: Hé théng banh xe Mecanum Omni cho
phép robot di chuyén theo nhiéu huéng va quay theo chinh xac 360 do.
- Diéu khién chinh xac: Vi 9 con lan trén 4 banh xe, robot ¢6 kha nang di
chuyén muot ma va linh hoat

- Tang cudng kha ning vuot chuéng ngai vat: Voi kha nang di chuyén theo
nhiéu hudng va quay linh hoat, robot c6 thé vuot qua chudng ngai vat mot
cach dé dang hon.

3.1.7. UltraSonic

Cam bién siéu Am 12 mot thiét bi c6 thé do khoang cach dén mot vat thé béng cach
st dung song am thanh.Cam bién siéu am do khoang cach bang cach phat ra mot song
am thanh & mot tan sb cu thé va ling nghe séng am thanh d6 doi lai. Bing cach ghi lai
khoang thoi gian troi qua gitra song am thanh dugc tao ra va song am thanh déi lai, co

thé tinh todn khoang céch gilta cdm bién sonar va doi tuong.

RECEIVER TR

Trig —J ’

TRANSMITTER

Echo } }

Distance

Hinh 3.7: UltraSonic va nguyén ly hoat dong
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a) Thong s6 k¥ thuét
S6 lugng sir dung: 4
- Nguén dién: +5V DC
- Dong tinh: <2mA
- Dong dién lam viéc: 15 mA
- Go6c hi¢u dung: <15°
- Pham vi khoang cach: 2 cm — 400 cm/1” — 13ft
- Do phan giai: 0,3 cm
- Goc do: 30 do
- Do rong xung dau vao kich hoat: 10uS
- Kich thudce: 45mm x 20mm x 15mm.
b) So d6 thoi gian
Biéu d thoi gian cia HC-SR04 dugc hién thi. Dé bat dau do, Trig ciia SR04

phai nhan xung cao (5V) trong it nhat 10us, diéu ndy s& bat dau cam bién s& phat ra
8 chu ky xung siéu am & 40kHz va doi xung siéu 4m phan xa. Khi cam bién phat
hién si€u am tr may thu, n6 s€ dat chan Echo ¢ muc cao (5V) va tri hoan trong mat
khoéng thoi gian (chiéu rong) ty 1¢ thuan voi khoang cach. Dé co duge khoang cach,
hay do chiéu rong (T4n) ctia chan Echo.

3.1.8. Nguén cip dién
Str dung 1 ngudn acquy loai 12V-5Ah

Hinh 3.8: Nguon 12V/54h
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a) Thong s6 k¥ thuét
- Kich thuéce (Dai x Rong x Cao): 120 x 60 x 130 (mm)
- Trong lugng: ~ 2.2kg
b) Ly do Iya chon
- €06 kich thuéc twong d6i nho gon
- Dién dung phu hop cho hoat dong cua stepper motor
- Du diéu kién dap tng str dung 1am ngudn cho, stepper motor va Router wifi
3.2. Trién khai mé hinh nhéin dién va danh gia
3.2.1. Tong quan vé hé thong nhan dién

Nhéan dién mo6i truong cua linh vuc xe ty hanh cé rat nhiéu tha nhung tap trung chu

yéu nhat vao:
» Phat hién lan duong
« Nhan dién d6i twong
« Pua ra quyét dinh cho xe
Trong do 4n nay t6i chung t6i tap trung giai quyét ba bai toan trén. Pic biét 1 viéc
xtr Iy phat hién d6i tuong va ra quyét dinh cho xe ¢ trong moi méi trudng thuc té.
3.2.2. Phat hién lan dwong
3.2.2.1. Tong quan bdi todn
Phat hién lan duong 1a mgt nhiém vu thi giac may tinh lién quan dén viéc xac dinh
ranh gi6i ctia cac lan dudng lai xe trong video hodc hinh anh vé canh dudng. Muyc tiéu
1a dinh vi va theo doi chinh x4c vach ké duong trong thoi gian thuc, ngay ca trong nhitng
diéu kién khé khan nhu anh sang kém, anh sang chéi hodc bd cuc dudng phirc tap.
Phat hi¢n lan duong 1a mdt thanh phén quan trong nhét cia hé théng xe tu hanh,
vi n6 cung cip thong tin vé& bd cuc duong va vi tri ctia xe trong lan duong, diéu nay rat
quan trong ddi v6i viée diéu huéng va dam bao an toan.
3.2.2.2. Ultra Fast Lane Detection
a)  Gi6i thiéu va kién tric mé hinh
M0 hinh Ultra Fast Lane Detection (UFLD) 1a mdt mo6 hinh nhan dang lan dudng
dua trén deep learning, dugc dé xuit boi nhom tac gia Trung Quéc vao nam 2020. Mo

hinh nay sir dung mang neural tich chap (CNN) d¢ trich xuat ddc trung clia anh dau vao,
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sau do6 sir dung mot mo hinh hdi quy dé du doan céc thong sé cia lan dudng. M6 hinh
st dung phuong phép lya chon va phan loai vi tri lan duong dua trén cac hang va chia
hinh anh thanh cac hang va cac cdt dé nhan dién dé giam thiéu toi da thoi gian nhan

dién.

Selected cell No lane in this row

Selecting location of the left lane

Location of left lane in this row anchor

Selecting location of the right lane

g Y ppp——1 —— e

s1o1uE Moy

Location of right lane in this row anchor

Selecting

Hinh 3.9: Phuwong phap phan loai vi tri theo hang cua UFLD
Mo hinh UFLD thay vi st dung diém trung tam 6 thi cac giao diém ctia hang va cot s&
lam dai dién. M6 hinh UFLD cling chi quan tdm t&1 vung anh c6 lan duong nhung khong
can cat anh dua vao mo hinh nhu mo hinh cua toi.
b) Kién triic méd hinh

batchx9x16x512

Resnet18 >
resize 288x512
Conv2d
1x1, filter=8
A 4
Flatten
A 4
Reshape 1L MLP

Num_row x (rum_col+1) x num_lane

Hinh 3.10 Kién triic mé hinh UFLD

Mo hinh UFLD d3 st dung md hinh Resnet18 1am backbone roi dua qua 16p tich
chap dé trich xuit feature map nham muc dich trich xuét cac dic trung cuc bd va tang

kha ning hoc cho mé hinh. Sau d6 qua céac 16p fully connected dé phan loai.
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¢) Ham mit mat

Ham mat mat phén loai vi tri ciia mé hinh UFLD ciing sit dung softmax loss.

Dé giai quyét van dé tinh 6n dinh cua hinh dang dudng va tinh lién tuc ciia dudng

thi m6 hinh UFLD d3 dé xuit thém hai ham mat mat cho viéc do.

Ham mét mat cho tinh lién tuc theo cong thirc (hinh 3.11):

C h-—1
Lsz’m — Z Z ||P?.’!jr: - Pi,j+1,:||1
i=1 j=1

Hinh 3.11: Ham mat mat tinh lién tuc UFLD
: Gia tri du doan vi tri cua dudng 1 hang j
: Ham smooth L1 loss
M4 hinh UFLD tinh vi tri ciia dwong & hang i dwong j bang cach:

w

Prob; ;. = softmaz(P;;y.),  Locij = Z k- Prob ; k
k=1

Hinh 3.12: Tinh vi tri cua duwong
: Xéc suét ciia timg vi tri dudng i hang j

: Vi tri cia duong i hang j

Ham méat mat cho hinh dang cia duong:
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C h-2

Lshp — Z Z”(L()Ci'j - LO(:i‘j+1)

i=1 j=1

— (Loc; j+1 — Loc; j+2)|l1,

Hinh 3.13 Ham mdt mat cho hinh dang dwong UFLD

Téng mat mat:

Lsi?' = Lsim +ALshp Ltﬂtuf — L{:Lg + (ILStT‘ :

Hinh 3.14: Tong mat mat ciia UFLD
Hé sb gilta ham méat mat lién tuc va ham mét mat hinh dang.
: Hé s6 giita ham mat mat phan loai va tong hai ham mat mét trén
d) Panh gia

Sau khi huin luyén, t61 co cac dd thi mat mat nhu sau (Hinh 3.15)
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loss/cls_loss loss/relation_dis
tag: loss/cls_loss tag: loss/relation_dis

14

0.8 +

0.6

04
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(2 8 B i« B B

loss/relation_loss
tag: loss/relation_loss

0.29
0.27 !
0.25
0.23

0.21 !
0.19
017 ‘

0 5k 10k 15k 20k 25k

]

S
LJd

Hinh 3.15: D6 thi mdt mat

Ham mat mat cua relation_dis va relation_loss c6 xu hudng vé cudi vi dé nhan
dién voi cac lan ngoai thi viéc danh gia vi tri cia lan duong theo hang s€ khong dliing
nira . Vi thé mic du hai ham mat mét ting nhung ham mét mat cho viéc phan loai ciing
cai thi¢n.

D9 chinh xac cia md hinh cho viéc phan loai lan duong trén tap li¢u test 1a 71.3%
cho tap dir liéu test. BP9 chinh xac dugc cai thién va kha tdt chirng to6 viéc su dung 16p
tich chap dé tang kha nang hoc va st dung hai ham mat mat trén vao viéc hoc hiéu qua.
Mic du hai ham mét mat ting nhung theo nhu két qua nhan dién (hinh 3.15) tir mé hinh

d3 6n dinh va gitp viéc train nhanh hon trong nhimg epoch dau tién.
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(W1 Detected lanes = o X

Hinh 3.16: Két qud nhdn dién ciia mé hinh UFLD

3.2.3. Nhan dién déi twong
3.2.3.1. Tong quan bai todn nhdn di¢n doi twong
Bai toan nhédn dién ddi trong c6 hai loai mo hinh dé giai quyét vn dé nay:
- Two Staged Detector (R-CNN, Fast R-CNN, Faster R-CNN, ...)
- One Staged Detector (SSD MobilenetV2, Yolo, ...)

- M®d hinh Two Staged Detector
Kién trac mé hinh Two-staged detector
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Two-staged detector Classifier

Weonv " X
s N £ N -

Feature Extrac-
Input Region Proposdls = :
PYo2E o - =T tion

!
% = Bounding Box

" Regression
> S8
!‘i s =

fo=

e

Hinh 3.17: Md hinh Two-staged
Dang m6 hinh Two-Staged Detector c6 hai giai doan:
+ Dé xuét cac hop co thé chua vat thé (Region Proposals)
+ Phén loai cac hop do6 va sang loc dung vi tri
O giai doan thu nhét, m6 hinh R-CNN da s dung thuat toan Selective Search dé
1y duoc cac hop dé xuat trong hinh anh input ma c6 kha nang chira di twong. T6i giai
doan thtr hai, ta dua cac hop dé xuét vao backbone chang han nhu Resnet 50, VGG...
dé trich xuét dic trung cac hop do dé ra duoc cac feature map va cac 16p fully connected

de encode cac feature map dé dua ra cac offset cia cac hop da dugc dé xuat ¢ giai doan

mot va phan loai cac ddi tuong do.
- M6 hinh One-Staged Detector

Kién tric m6 hinh One-Staged Detector & hinh 3.18:
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Extra Feature Layers
A

{ |
Classifier : Conv: 3x3x(4x(Classes+4))

VGG-16
through Conv5_3 Iaye\tr
~

~
Classifier : Conv: 3x3x(6x(Classes+4))

\ Conv: 3x3x(4x(Classes+4)) | &

256
Conv: 1x1x128 Conv: 1x1x128 Conv: 1x1x128
Conv: 3x3x512-52 Conv: 3x3x256-s2 Conv: 3x3x256-51 Conv: 3x3x256-s1

N

74.3mAP
59FPS

SSD

<
|
|
|
|
|
|
|
|
I
I
|
I
l
N

[ Detections:8732 per Class ‘
I Non-Maximum Suppression J

| Detections: 98 per class
| Non-Maximum Suppression ‘

63.4mAP
45FPS

YOLO

Fully Connected  Fully Connected

Hinh 3.18: Md hinh One-staged

Dang mo hinh One-Staged Detector s& tinh toan trong mét 1an truyén mang lién
tiép. Trai nguoc voi cac phuong phap Two-Staged, mo hinh tao ra cac hop mic dinh c6
san véi cac ti 16 khac nhau va viéc con lai chi can sir dung céc 16p tich chap hoac cac
16p fully connected dé tinh toan céac offset ciia cac hop ¢ sin va phan loai cac hop do
[6]. Chinh vi v@y nén dang md hinh One-Staged Detector s€ nhe hon va xtr ly nhanh hon
dang mo6 hinh Two-Staged nhung d6 chinh xac thi s& khong bang cac mé hinh Two-
Staged.

Két luin

Dua vao cac vu diém va nhuoc diém d3 duoc néu ra ¢ trén thi toi chon dang One-
Staged d¢é sir dung trong do 4n vi mé hinh nhe rat phii hop v6i méy tinh nhing nho nhu

jetson nano va toc do xir Iy nhanh s& hiéu qua hon voi bai toan thoi gian thyuc nay.
3.2.3.2. Tap dir liéu

P2 Dhaka Dataset Image Dataset 1a mot bo dit 1i€u 16n vé hinh anh va video duong
phé 0 Hoa Ky duogc st dung dé huan luyén cac mo hinh tri tu¢ nhan tao trong linh vuc
xe tu hanh. B6 dit liéu ndy chira hon 100.000 hinh anh va video dudng phéd duoc gin
nhén, véi cac ddi tuong nhu xe hoi, xe tai, xe buyt, nguoi di bd , vv. C6 mdt vai nhan
c6 rét it anh vi du nhu tau hoa chi c6 10 anh trong tap dit liéu nay nén t6i da quyét dinh
x6a cac nhin c6 sd lugng anh it. Sau day la cac nhan con lai sau khi dugc loc. Va toi da

thdng ké cac sd lwong ddi twgng trong tong anh cia timg class (hinh 3.19)
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instances
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8000 -
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4000 -
2000 -
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o

Hinh 3.19: Phdn bé dit liéu cia cdc nhdn - images
Trong anh c6 nhiéu doi tugng khac nhau, c6 doi tugng xuat hién nhiéu trong cac

bicycle

bus -

cng -

motorcycle -
other-vehicle
person
rickshaw

anh, c6 doi tuong xuét hién vi tan suét it hon khoang 5-10 anh méi ¢ mot doi tuong.
3.2.3.3. Md hinh Yolov8
a) Gi6i thiéu va kién tric mé hinh
Yolo (You Only Look Once) 1a mot mé hinh nhan dién d6i trong (object detection)

trong linh vuc thi giac may tinh (computer vision). M6 hinh Yolo duoc phat trién boi

Joseph Redmon va cac dong nghiép tai Pai hoc Washington.

Mo hinh Yolo hoat dong bang cach chia anh dau vao thanh mét ludi 6 vudng va
dur doan cac hop gidi han (bounding boxes) cho cac dbi twong trong mdi 6 vudng va day
1a diém khéc biét ctia Yolo v6i SSD. Thay vi SSD s& danh gia ting hop mic dinh trong
mot 6 thi Yolo s& danh gia theo tirmg 6. Mdi hop gidi han duoc du doan boi mot ) luong
cac thong sb, bao gdm toa do ctia goc trai trén va goc phai dudi cia hop, do tin cdy cla

du doan va x4c suat cua doi tuong duoc phat hién trong hop do.

Qua trinh nhan di¢n ddi tuong cua Yolo dugc biéu dién theo hinh 3.20
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S xS grid on input Final detections

Class probability map

Hinh 3.20: Qua trinh nhdn dién doi tuwong cua Yolovs

YOLOV8 1a mot thuat toan thi giac may tinh dwogc st dung dé phat hién ddi twong.
Mo hinh ndy dugc phat trién duwa trén cac phién ban trude cia YOLO (You Only Look
Once — Nhan dién vat thé béng mot 1an nhin). Ngoai ra, YOLOvVS con dugc thiét ké dé
phat hién ddi twong trong thoi gian thuc va c6 thé xir Iy hinh anh trong vai mili gidy.
Hon nita Yolov8 con hd trg rat nhiéu loai Backbone khac nhau chéng han nhu
EfficiencyNet, ResNet va CSPDarknet, gitip ngudi dung linh hoat chon mé hinh tt nhat
cho trudng hop sir dung cu thé ciia ho va con rat nhiéu cac tinh ning dic biét khac. Vi

vay nén chung em chon Yolov8 dé trién khai trong do an cua minh.
e Kién tric cia Yolov8

YOLOVS 1a mot mo hinh nhan dang ddi twong dua trén mang convolutional
neural network (CNN) dugc phat trién boi Joseph Redmon va nhém nghién ciru

cua ong tai Pai hoc Washington.
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Hinh 3.21 : Kién triic mé hinh Yolov8

Conv2d

BatchNorm2d

. Bbox
Loss

. s
Lo

Detect

Detect

Detect

Ta ciing c6 thé tu hinh dung kién traic YOLOVS8 bang cach chuyén d6i n6 sang
dinh dang ONNX. ONNX viét tit ciia Open Neural Network Exchange. Day 1a dinh

dang m¢ dugc str dung dé biéu thi cAc mé hinh hoc may. NoO c6 thé duge xem nhu mot

dai dién chung cho cac mé hinh ML, béi vi tinh phé bién cho bat ky md hinh nao, du

code mé hinh duoc viét trong PyTorch, TensorFlow hoidc cac framework nao khéc.

Pé tim dugc bounding box cho vt thé, YOLO s& can cac anchor box 1am co s&

udce luong tuong tu cac default boxes cua SSD. Nhirng anchor box nay s€ dugc xac dinh

trudc va sé bao quanh vat thé mot cach twong dbi chinh xac. Sau ndy thuat toan
regression bounding box s& tinh chinh lai anchor box dé tao ra bounding box dy doan
cho vat thé . Anchor box trong YOLO duoc thé hién & hinh 3.22:
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B bounding box

1
I .' candidates in total
Grids : !

The “responsible” predictor
P in cell i has the highest loU
with the ground truth.

Truth bounding box

Hinh 3.22: Anchor boxes trong Yolo

Yolo ciing du bao trén nhiéu feature map . Nhitng feature map ban dau cé kich
thudc nhé giip du bado dugc cac object kich thude 16n. Nhitng feature map sau co6 kich
thude 16n hon trong khi anchor box duoc giit ¢d dinh kich thudc nén sé& giup du bao cac
vt thé kich thude nhé dwoc thé hién & hinh 3.23.

.
: H

13 x 13 26 X 26 52 x 52

Hinh 3.23: Dw bdo trén nhiéu feature map Yolo

Mo hinh Yolov8 c6 2 feature map nham muc dich x4c dinh cac vat thé véi cac ti
1& khac nhau c6 hinh dang lan luot 1 [(1, 26, 26, num_anchor*(num_class+5)); (1, 13,
13, num_anchor*(num_class+5))]

Dénh gid mo hinh

Sau khi huan luyén, chung t6i c6 d6 thi mat mat ¢ hinh 3.25.
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YOLOvS Loss

1.0
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S o8
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—— Train Box Loss
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—— Train DFL Loss
0.4 4+ — Validation Box Loss
— Validation Class Loss
—— Validation DFL Loss
T T T T T T T
0 5 10 15 20 25 30

Epoch
Hinh 3.24: B6 thi ham mat mat

To6i dua vao metrics nhur precision, recall, va mAP tir mdi epoch trong qua trinh
huan luyén va dédnh gia mo hinh. Va két qua toi tinh toan va dua ra dugc ¢ hinh 3.25.

Va két qua cho t6i nhan dugc d6 1a:
Mean Precision: 0.7790969999999999
Mean Recall: 0.636935
Mean mAP: 0.7122953333333335

Dua vao két qua cho ta thdy Mean Precision (P chinh xac trung binh) c¢6 d6 chinh
xac 1a khoang 77.9% cac bounding box duoc du doan 13 ding trén toan bo dit liéu kiém
tra. Mean Recall (Ty I¢ nh¢ trung binh) Gid tri trung binh cta recall 1a khoang 0.637, co
nghia 1a khoang 63.7% céc bounding box thyc té da duoc du doan ding trén toan bo dir
lidu kiém tra. Mean mAP (Mean Average Precision - Trung binh do chinh xac trén toan
bd 16p) Gia tri trung binh cia mAP50 1a khoang 0.712, diéu ndy c6 nghia 13 trung binh
khoang 71.2% doi tuong trong cac 1op da dugc du doan chinh xac trén toan bo dir licu

kiém tra véi ngudng IoU 14 0.5.
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Hinh 3.25: Dé6 thi danh gid mé hinh Yolov8
3.2.3.4. Két Lugn

Yolov8 1a mot mo hinh nhan dién d6i tuong dua trén mang no-ron tich chap
(CNN) va str dung mét kién tric mang no-ron sau dé phat hién déi tuong. Yolov8 sir
dung mot phuong phap phat hién ddi tuong don gian hon so vi SSD MobileNetV2, véi
mot 1an chay qua mang dé phat hién tat ca cac ddi twong trong anh. Yolov8 co thé dat
duoc tde do xu 1y nhanh hon so v&1 SSD MobileNetV2, va dd chinh xac da cai tién hon

rat nhidu.
3.2.4. Trién khai thudt todn dwa ra quyét dinh cho xe

Pé mo hinh c6 kha ning dua ra quyét dinh chinh xéc, diéu kién tién quyét phai
dap tmg duoc 1 bd dir liéu tét. Tuy nhién véi kich thuéc mé hinh con nho dé thé xay
dung duoc b dir liéu tot ta can lién tuc diéu chinh cac tham sd, lva chon moi truong

dé huén luyén phu hop. Sau day 13 phuong phap t6i sir dung:
a) Thu thap dit liéu trong mdi thuong thuc té

Sau khi x4c dinh dugc yéu cu bai toan chung em tién hanh di thu thap hinh anh

tir moi trudng thuc té.
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Hinh 3.26: Thu thdp cac vat thé tir moi truong thuc té

b) Huén luyén cho bo dit liéu
Tt hinh anh thu thap duoc tir moi truong thuc té tién hanh huin luyén cho bo
dir ligu:
- MJdi hinh anh duoc s& duoc danh nhan cho tirng anh
- Sir dung mo hinh YOLOVS tién hanh huin luyén cho bd data trén Colab

- Danh gid mo hinh

@ roboflow Tai lidu vevitrykhdnggian  1am viéc 0 =
2
- 2
@ | vatcan
20

<)
o L ;
. o

Hinh 3.27: Sir dung Roboflow dé danh nhén cho dit liéu dau vao
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Hinh 3.29: Detect hinh anh dé kiém tra mirc dé nhan dién

o HS DB
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Hinh 3.30: Két qua danh gid nhan dién

T T T
0 50 100

Dua vao cac két qua thu dugc cho ta théy dugc mirc d§ nhan dién tuong dbi tét.

Chung em da thir nghiém ¢ nhiéu méi trudng khac nhau va di cho két qua nhan dién

tbt. M6 hinh s& can duge thong minh va nhan dién t6t hon néu c6 thém nhiéu hinh anh

dau vao gitp mo hinh nhan dién ngay cang chinh xac.

Sau khi huan luyén mé hinh véi 100 Epoch cho két qua huan luyén rat tot. Két

qua huan luyén cho thay :

e MAP50 = 0.995(~99.5%) diéu nay cho ta thdy mé hinh rat chinh xac khi st
dung voi ngudng IoU 1a 0.5

e MAP50-95 (IoU tir 0.50 dén 0.95) 1a 89.5%, diéu nay cho thiy mo hinh van
duy tri hiéu suat cao trén cac ngudng IoU khac nhau, mic du c6 giam chut it khi

ngudng loU tang 1én.
¢) Trién khai nhan dién cho xe

Pé trién khai cho xe nhan dién cac vat thé cling nhu 1an duong chiing em can
phai xir 1y hinh anh d4u vao. Tai ddy chiung em lay hinh anh thu duoc tir camera Imou
thong qua giao thirc RTSP (Real time streaming protocol) véi fps = 30. Sau khi thir
nghiém thuyc té thi viéc thong qua 1 dudng truyén RSTP dem lai hinh anh thu dwoc kha
cham va khéng duoc realtime. Ching em di xir 1y hinh anh bang cach st dung giao
thirc RTSP dé bién camera Imou ¢ kha ning xtr Iy anh nhu Webcam ctia may tinh khi

d6 hinh anh thu duoc s& duoc cai thién realtime nhat véi do tré chi 0, 1s.
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Hinh 3.31: So do thudt todn ra quyét dinh tranh vat can cho xe

- Sau khi doc dir liéu hinh anh tir camera vao, cai dat kich thudc cho khung hinh va

dua hinh anh vao model d¢ nhan dién vat can

while cap.isOpened():

ret, frame = cap.read()
if no
break

frame = cv2.resize(frame, (int(width), (height)))

results = model.predict( =frame, =True, =False,

014 tri toa d0, nhan vat can nhan dién dugc sau khi qua model
for box in boxes:

x1, y1, x2, y2 = box.xyxy[0].tolist()
conf = box.conf[0].item()

cls = box.cls[0].item()

class_name = model.names[int(cls)]

- Néu vat can nam trong khung di chuyén thi xac dinh vi tri vat can so voi khung
di chuyén va tinh khoang cach tir vat can dén xe
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if y2 >
Line_start_left
Lline_end_left =
Line_start_right

line_end_right =

pointl (x1, y2)
point2 = (x2, y2)

sideleftl point_side_of_line(line_start_left, line_end_left, pointl)
sideleft2 = point_side_of_line(line_start_left, line_end_left, point2)

= point_side_of_line(line_start_right, line_end_right, point1l)
sideright2 = point_side_of_line(line_start_right, line_end_right, point2)

Ptk e ey et Y

if sideleft2 >=
if maxindexleft < y2:

maxindexleft =

elif siderightl <=
if maxindexright < y2:

else:

between = True

if sideleftl >=
if maxindexleft < y2:

if sideright2 <=
if maxindexright < y2:

if maxindexbetween < y2:
maxindexbetween = y2

cv2.putText(frame, f*{class_name} {conf:.2f}",
cv2.FONT_HERSHEY_SIMPLEX,

(e, o, ), )

cv2.rectangle(frame, (int(x1), int(y1l)), (int(x2), int(y2)), (8,

r

- Lay gia tri cdm bién va kiém tra néu vat can nam trong khung di chuyén va nam
trong vung nguy hiém thi lui xe lai
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Distance()

if between and maxindexbetween

if maxindexbetween

color = (@,

colorx =

if behind_Distance

runbackward()

if behind_Dis

colorx

cho xe

colorx,

SVTH: Nguyén Trung Puc, Pham Van Trong
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elif checkrunright and onrunright:
colorx = (0, O, )
if right_Distance >

runright()

checkleft

if right_Dis

colorx

stop()
heckrunright = Fa
onrunleft = True
frame, f"right", (
.FONT_HERSHEY_SIMPLEX,
colorx, )
- Al di chuyén thi xe di chuyén thing

color =

colorx

runright =

colorx = (O,
if front_D
colorx
stop ()
2 . putText( me

-FONT_HERSHEY_SIMPLEX,
colorx, )

- Xdc dinh khoang cach cho 4 hudéng va v€ miii tén ki hi¢u
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ce tyw hanh da huong un

colorline = (0, , 0)

if < behind_Distance <
colorline = (O, .

elif behind_Distance <=

colorline = (0, O,

cv2.arrowedLine (frame, (
cv2.putText(frame,

dung cong nghé Al

) ), ), colorline,
f*{behind_Distance} , ),

cv2.FONT_HERSHEY_SIMPLEX,

colorline,

colorline = (@, , 9)

if < front_Distance <
colorline = (0, )

elif front_Distance <=
colorline = (B, O,

cv2.arrowedLine (frame, (
cv2.putText(frame,

: P (

f"{front_Distancel}", ),

)

colorline,

cv2.FONT_HERSHEY_SIMPLEX,

colorline,

colorline = (0, , 8)
if < left_Distance <
colorline = (@,

elif left_Distance <=

colorline = (O,

cv2.arrowedLine(frame, (
cv2.putText(frame,

)

) ), colorline,

f"{left_Distance}", 5 o

cv2.FONT_HERSHEY_SIMPLEX,

colorline,

colorline = (8, , 08)

if < right_Distance <
colorline = (0, ,

elif right_Distance <=
colorline = (0, O,

cv2.arrowedLine(frame, (
cv2.putText(frame,

)

), ( ), colorline,

f"{right_Distance}", , ),

cv2.FONT_HERSHEY_SIMPLEX,

colorline,

cv2.line(frame,
cv2.line(frame,
cv2.polylines(frame,
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l.

Nhan din 13n dudng

Géc giFa duong trung tim khung hinh va vetor dié

x o
aiiie 4 . —» Goi 3pi ras di than
xa nhat cia lan dwdng phat hién dyoc va ¢ aphras g

Bing

Goi api clia ras 12 trdi Goi api cla ras ré pha

Hinh 3.32: So do ra quyét dinh di chuyén theo lan cho xe
- Poc hinh anh vao va gidm bat s6 luong khung anh tinh toéan trén 1s

while Ti
ret, frame = cap.read()
if not ret:
break

if frame_count frames + 1) ==

output_img, lanes_points, lanes_detected, cfg, draw_points = lane_detector.detect_lanes(frame)

Lay nhiing diém lan giira phat hién duoc va tinh goc giita 2 vector 1a duong
thang chinh gitra khung hinh va dudng thang tir diém lan xa nhat phat hién

dugc dén diém trung tim ciia xe goc dudi hinh anh
- Néu gbc trong khoang 70-110 db thi xe di chuyén thiang
- Néu goc nhé hon 70 d6 thi xe r& phai

- Néu goc 16n hon 110 d5 thi ré trai
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for lane_num, lane_points in
if lane_num
_point =

storl .array ax_y int[0]

vector2 .array([width - width //

cv2.putText(output_img,

e ngle_degrees) >
putText(output_img,

runforward()
-kleft =

runleft(

ch

3.3. Két qua

(lane_points, b

da point:

- width //

(lanes_points):

point[1])

x_y_point[1] - height])

, height - height])

), cv2.FONT_HERSHEY_SIMPLEX,

width //
)

, height - ), 2.FONT_HERSHEY_SIMPLEX,

(width // 2, height - ),
)

cv2.FONT_HERSHEY_SIMPLEX,

(width // 2, height - ), cv2.FONT_HERSHEY_SIMPLEX,

3.3.1. Nhin dién vit cin cho xe va dwa ra quyét dinh

Két qua st dung mo hinh Yolov8 cho théy thuat toan hoat dong 1 cach hiéu qua
va c6 d06 chinh x4c trong d6i 16n khi c6 thé phat hién vat thé.Dya vao m6 hinh nhan
dién va cam bién, vat thé duoc phat hién va duogc xur 1y qua cac thuat todn hudng di
gitip xe c6 kha nang tu quyét dinh hudng di va tinh toan duoc khoang cach dudng di
t6t nhét cho xe. Dudi day 1a két qua thuc t& cho mé hinh nay.
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VeSS

2024:06:15 184551

mou

Hinh 3.34: Nhan dién vit thé va dwa ra quyét dinh cho xe (xe trai)
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3.3.2. Nhn dién lan dwong

Két qua sir dung mo hinh Ultra Fast Lane Detection cho ta thdy dugc hinh anh
lan dudng duogc bt kha tot. Viée trién khai nhan dién lan cho dv 4n nay can phai phat
trién thém dic biét 1a cai thién duoc hé théng camera tot hon va setup cho mo6 hinh
thuc t& hon. Gidi han cho viéc trién khai lan nay la moé hinh kha nho chua thé nhan
dién duoc 1 cach thuc té nhat. Tuy nhién mo hinh trién khai duoc detect cho Kkét qua
kha tét: Dudi day 1a két qua nhan dién lan duong va dua ra két qua quyét dinh hudng

di cho xe:

W1 Detected lanes = o X

Hinh 3.35: Nhdn i_én lan dwong va dwa ra quyét dinh cho xe (Phia ru’a'c)

SVTH: Nguyén Trung Dtic, Pham Vin Trong 57



Thiét ké xe tir hanh da hwéng iing dung cong nghé Al

1 Detected lanes = o X

Hinh 3.36: Nhn dién lan dwong va dwa ra quyét dinh cho xe (Bén trdi)

3.3.3. M6 hinh xe tw hanh

Sau khi thye nghiém mé hinh thi ching em di thiét k& mo hinh ciia xe 1 cach gon
gang va hop 1y nhit. Xe dugc thiét ké khung bao boc gitip xe trong thich mét va gon gang
nhat. Day 14 hinh anh thyc té cia xe:
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Hinh 3.37: M6 hinh truc quan xe tuw hanh (Phia truoc)

Hinh 3.40: M6 hinh truc quan xe ty hanh (Bén phai)

3.3.4. Xay dung App diéu khién xe

Chung em xay dung App diéu khién xe qua Wifi thong qua viéc goi téi dia chi
IP. App s& giri toi cac Api goi t6i cac niit Button “Tién,Lui, Trai,Phai,Ngang,Chéo va
Xoay”. Gitip chiing t6i c6 thé xtt Iy & trong nhiing truong hop khan cip nhu mat két

nbi hay hé thong Al dua ra két qua khong chinh xac do méi truong chua thuan loi.
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Wifi Control Robot
IP Address

192.168.1.112:5000

Hinh 3.41: App diéu khién xe tir hanh

3.3.5. Két qud thudt todn ra quyét dinh
V61 viée st dung mo hinh Yolov8 nhéan dién vat can va Ultra Fast Lane
Detection nhdn dién lan dudng va thuét toan xt Iy dé ra quyét dinh cho xe. Ta c¢6 duoc
két qua tinh toan twong d6i chinh x4c. Hinh anh duoc xir Iy nhanh va cho ra quyét dinh

t6t khi phat hién vat thé.

Duéi day 1a thong ké thoi gian xir 1y trung binh trén hé thong:

Xu ly Thoi gian (s)
Thoi gian khéi dong chuong trinh(server) 5.5
Xac dinh vat can 0.05
Ra quyét dinh 0.01
Do tré hinh anh cua camera 0.2

SVTH: Nguyén Trung Dtic, Pham Vin Trong 60



Thiét ké xe tw hanh da hwéng irng dung cong nghé Al

KET LUAN

1. KET QUA PAT BPUQC

Trong thoi gian tim hiéu,nghién ctru co s& 1y thuyét va trién khai du an, dy an da

dugc dugc nhirng két qua sau:

Vé mit ly thuyét: Chiing em da nam dugc kién thirc co ban dé xay dung 1 hé
théng IOT bang cach str dung cac k¥ thuat vé co khi, hé théng nhung, xt 1y
hinh anh va cac thuat toan nhan dién Al

V& mit tmg dung: Chung em di xay dyng va trién khai thuc té thanh cong
mo hinh xe tuy hanh da hudéng

Xe hoat dong 6n trong méi trudng thuc té

Hé théng da xur Iy duoc cac bai toan ra quyét dinh cho hudng di cua xe trong
nhiéu trudng hop thuc té.

Duy 4n da giai quyét duoc cic muc tiéu dé ra va co ban hoan thanh dung nhu

hé théng duoc thiét ké, tién d6 dat ra ban dau.

2. NHUNG VAN PE CHUA GIAI QUYET

Ngoai nhitng mat da dat dugc, du an van con 1 s6 nhugc di€m can cai thi¢n nhu:

M6 hinh hoat dong chua duogc tron tru do hé théng dong co con thd so va
chua duoc dam bao

Can tang kha nang nhan dién cho model vi kha ning nhan dién cia xe dang
bi gidi han boi cac vat thé c¢b dinh

Du 4n can cai tién m6 hinh du doan 1 cach chinh xac va giai quyét duoc

nhiéu bai toan théng thuc té

3. HUONG PHAT TRIEN

V61 nhitng méat han ché da két luan, dyu an can c6 nhirng cai thién trong tuong

lai dé hoan thién mot cach tot nht:

Sinh vién thyc hién: Nguyén Trung Dirc, Pham Vin Trong

Cén nang cap cac trang thiét bi phan cing dé dam bao cho hé thdng duoc

hoat dong mot cach tdt nhat.
Tich hop cac cong nghé khac c6 kha niang diéu khién xe bang giong noi

Cai thién thuat toan duong di cua xe, tich hop chirc ning xe di theo ban dd
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Cai thién cac thuat toan v€ nhan dién moi truong va bd sung thém nhan dién

bién bao
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