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- Cham chi ¢6 tinh than tim hiéq, nghién ctru g dung cac cong nghé
trong qua trinh thyc hién do6 an tot nghiép.
II.  Nhirng két qua dat dwoc
- Thi‘é’t ké dugc mo hinh robot dam bao cic yéu cau giao hang, téc do va
do bén.
- Robot c6 thé 1ap ban 6, xay dung duong di gan t6i wu trong ca mod
phong va thyc nghiém.
- Robot ¢6 thé giao tiép va dugc diéu khién thong qua nhiéu giao dién:
giao di¢n HDMI trén robot, giao dién web, app.
- Upg dung tri tu¢ nhan tao trong nhan dién d6 ubng bang YOLO, diéu
khién bang ctr chi tay.
III. Han ché ciia d6 4n
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- Diéu khién, giao tiép qua nhiéu giao dién: giao dién HMI trén robot, giao dién
web va app.
- Robot sir dyng tri tu¢ nhan tao dé nhan dién dd uéng, diéu khién robot béng cu
chi tay
Han ché ciia dd an
- Robot con sai 1éch vé huong va vi tri.
- Nhén dién diéu khién bang tay con ¢ do tré.
- Phén thiét ké co khi can tinh toan thém.
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cham db an tt nghiép.
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Loi cam on

Loi cam on dau tién chan tinh va siu sic nhit con xin duoc guri to1 ba me,
nhimg ngudi ludén yéu thuong con vo diéu kién, tha thir that nhiéu sai 1am, ludn
ung ho va dong vién con hoan thanh ching duong sinh vién. Con cling cdm on
gia dinh 16n, 1a nguén dong luc cho con, ing h nhimng gi con lam.

Em xin dugc giri 16i cam on chan thanh téi PGS.TS Bui Hai Lé luén tao diéu
kién cho em hoan thanh dd 4n. Em xin cam on thay TS. Bui Dinh B4 nguoi truc
tiép hudng dan, chi bao tir nhitng viéc nho nhat, gitp em c6 nhung trai nghlem
dang nhé thoi sinh vién. Em chuc thay ludn gitr duoc nhiét huyét, vui vé tiép tuc
dong hanh cing cac thé hé sinh vién co dién tir tiép theo.

Minh xin gui thém nhiéu 16i cam on t6i nhom d6 an: Lé Ngoc Duy, Tran Vin
Loi, Pham Minh Hoang, cam on ching ta vi ludn doan két, lac quan du nhiéu lac
kho khan va bat luc, nhung cudi ciing ciing da cung nhau vuot qua hoan thanh tot
d6 an. Minh ciing cam on nhitng ngudi ban ¢ bén, ¢6 vii 1a diém tua tinh than cho
minh.

Cudi cung xin duoc giri 101 cam on t6i chinh ban than da khong bo cudc, d ludn
c6 gang vuot qua kho khan, vuot qua that nhiéu ndi sg, tu ti dé truong thanh hon,
diém tinh hon.

Cam on Bach Khoa! Cam on tat ca!



Tém tit ndi dung dd an

Nbi dung d6 an bao gom cé 6 chwong bao gom: Tong quan d¢é tai; tinh toan va
thiét ké hé thong co khi; tinh toan thiét ké hé thdng diéu khién; lap trinh diéu
khién hé thong va két qua thyc nghiém,thiét ké giao dién diéu khién robot; két
luan va dinh hudng phat trién mo rong.

Db an Thiét ké robot trong nganh dich vu-Autonomous service robot gitip giai
quyét van dé nhan lyc, tir d6 tiét kiém duoc chi phi, mang téi cho ngudi sir dung
su tién loi trong cong viéc. Nhi€ém vu chinh cua xe 1a van chuyén dd uéng hoac
thirc an tir vi tri cta nhan vién dén vi tri ciia khach hang. Robot c6 kha ning giao
tiép voi ngudi quan li thong qua théng qua giao dién trén xe, giao dién web app
va qua cir chi tay dé van hanh mot cach chinh xac. St dung phuong phép lap ban
d6, két hop véi mot s cam bién dé co thé 1ap ké hoach duong di, toi wu hoa
duong di va di chuyén tranh vat can. Robot sir dung cam bién Lidar dé dinh vi va
xdy dung ban dd, két hop cac thuit toan tim dudng trén hé diéu hanh ROS, giao
tiép voi khach hang qua man hinh HDMI véi giao dién thiét ké thong qua ngon
ngir python va thu vién Tkinter, khach hang ciing c6 thé giao tiép véi robot thong
qua giao dién trén web, app hodc dung ctr chi tay dé diéu khién robot t6i vi tri
mong mudn dé iy d6 an.

Két qua cua do 4n 13 robot di c6 thé xdy dung ban dd ciing nhu tim dugc
duong di gan tdi wu trong ca mo phong 13n thuc nghiém.Robot c6 thé duoc didu
khién qua giao dién HMIL, web, app va ctr chi tay. Do vdy, dé tai ndy hoan toan la
kha thi va ¢ thé din dau xu hudng trong tuwong lai.

Qua dd an nay, em da hoc duoc rat nhidu k¥ ning lam viéc nhém ciing nhur
cac kién thirc chuyén mén nhu st dung céc thuat toan tim dudng trén hé didu
hanh ROS, thiét ké giao dién st dung ngdn ngit python két hop thu vién Tkinter,
giao dién web sir dung html, css,js, giao dién app sir dung flutter nhan dang d6i
tuong st dung YOLO, nhan dang cur chi tay st dung thu vién mediapipe hand.
Céc kién thirc trén da gitip em tiang thém nhiéu kién thirc ciing nhu k¥ ning sir
dung trong cong viéc va cudc séng sau nay.

Sinh vién thue hién
Ky vi ghi rd ho én
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CHUONG 1. TONG QUAN VE PE TAI

1.1 Gié6i thiéu.
Chuong nay s& gi6i thiéu tong quan vé robot tu hanh, cic thanh phan va tng
dung ctia robot ty hanh, yéu cau vé thiét ké va k¥ thuat cua robot.

1.2 Téng quan vé robot tu hanh.

Robot tir hanh 12 mot loai robot ¢6 kha ning dua ra quyét dinh va thuc hién
hanh dong ma khong can sy can thiép cia con ngudi. Chiing c6 kha ning nhan
thirc moi truong xung quanh va dua trén thong tin do dé lua chon va thuc hién
cac hanh dong phu hop. Trong nhitng ndm gan day, cic cong nghé nhu may hoc,
hoc sau va tri tu¢ nhan tao da duoc &p dung rong rai vao robot ty van hanh, dac
biét 1a trong linh vuc robot di dong va ing dung cong nghiép.

Mot sO vi du vé cac loai robot tu van hanh bao gom:

+ Xe tu hanh (Automation Guided Vehicle - AGV): Pugc str dung dé van
chuyén vat li¢u trong nha may va nha kho mdt cach ty dong.

+ May bay khong nguoi 13i: Puoc st dung dé tng pho véi cac tham hoa
hodc nhiém vy kho khin trong méi truong khong thé tiép can dugc bang
con nguoi.

+ Robot ty hanh dudi nude: Pugce st dung dé tim kiém va phat hién cac con
tau ddm ¢ nhitng vung sau nhat cua dai duong.

+ Robot dang ngudi: Puoc sir dung trong cac khu vuc nguy hiém nhu tac vu
ctru hd hodc 1am viée trong méi trudng gan lién véi con nguoi.

+ Robot choé ty hanh: Pugc st dung nham muc dich giai tri cho con nguoi.

+ Robot phuc vu tu hanh: Pugc st dung trong nha hang hodc quan café dé
hd tro ngudi trong viée phuc vu khach hang.

Viéc st dung robot ty van hanh mang lai nhiéu loi ich cho con nguoi. Ching
gitip giai phong lao dong khoi nhitng nhiém vu nham chan, nguy hiém hodc ban
thiu, dé con ngudi c6 thé tap trung vao cac cong viée sang tao va c6 gid tri hon.
Cac san phém robot tu van hanh, nhu robot hut bui va lau nha, da tré thanh
nhitng thiét bi khong thé thiéu trong cudc séng hién dai cta chung ta, mang lai su
tién ich va tiét kiém thoi gian cho gia dinh va ca nhan.

1.3 Cac thanh phan ciia robot tu hanh.
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Hinh 1.1 Céc thanh phén cua robot tw hanh

1.3.1 Nhan thirc cua robot (see).

Péi véi con nguoi, nhan thuc dugc thé hién qua cac giac quan (mét, mui,
da...). V&i robot tu hanh cling vay, gidc quan cua robot chinh 1a cac cam bién nhu
camera 3D (mat), Lidar, Ultrasonic Sensor, Encoder, IMU... Cac cam bién giip
robot c6 thé cdm nhan moi truong thuc té dé dua ra quyét dinh chinh xac hon.

1.3.2 Quyét dinh ciia robot (think).

B6 nao cua robot thuong 1a mt may tinh va dua ra quyét dinh dua trén nhiém
vu cua nd va thong tin ma n6 nhan dugc trén duong di. Nhung robot cling c6 mot
kha niang tuong ty nhu hé thong than kinh & ngudi, noi hé thong an toan cta
chung hoat dong nhanh hon va khong can sy cho phép cia ndo. Trén thuc té,
trong robot, bd nio hoat dong véi su cho phép cua hé théng an toan. Trong mot
robot ty dong, ching toi goi hé thdng “than kinh” d6 13 mot hé thdng nhung. N6
hoat dong nhanh hon va c6 quyén han cao hon so véi may tinh dang thyc hién ké
hoach nhiém vu va phan tich dit liéu. Py 1a cach robot c6 thé quyét dinh ding
lai néu n6 nhan théy c6 chudng ngai vat can duong minh, néu né tu phat hién ra
su ¢b hodc néu nat dung khén cép duoc nhén.

1.3.3 Hanh djng cua robot (act).

Robot co thé co tat ca cac loai thiét bi truyén dong, va mot s6 loai dong co
thudng ndm & trung tim cta thiét bi truyén dong. Cho du d6 12 banh xe, thiét bi
truyén dong tuyén tinh hay ram thuy lyc, ludn c6 mot dong co chuyén doi ning
lugng thanh chuyén dong. Vi vay, robot tu hanh la robot tu quyét dinh hanh dong
cua n6 dua trén thong tin ma n6 nhan dugc
1.4 Ung dung ciia robot tw hanh.

1.4.1 Robot tw hanh trong kho hang.



Hinh 1.2 Robot tu hanh trong kho hang

Robot ty hanh trong nha kho 1a céc h¢ théng robot dugc thiét ké dé tu dong
hoa quéd trinh di chuyén va van chuyén hang héa trong méi truong nha kho.
Ching duoc sir dung dé ting cuong hiéu suat va hiéu qua cia cac hoat dong nha
kho, giam thiéu sy phu thudc vao lao dong con ngudi va giam nguy co sai sot.

1.4.2 Robot ty hanh dung trong linh vue y té.

(d)

Hinh 1.3 Robot tw hanh ding trong linh vuc y té



Robot ty hanh trong linh vuc y té 1a mot loai robot dugc thiét ké dé tu dong hoa
va hd tro cac tac vu y té trong méi truong bénh vién va cac co sé cham soc sirc
khée. Robot nay c6 kha nang thyc hlen cac cong viéc nhu di chuyen giao tiép,
thu thap dit liéu, phan tich va cung cip hd tro cho cac chuyén gia y té.

Céc loi ich cta viéc sir dung robot ty hanh trong linh vuc y té bao gom ting
cudng hiéu qua cong viéc, giam thiéu sai sot, giam thiéu sy tiép xuc giita con
ngudi va cac chit doc hai va nang cao chit luong cham soc sirc khoe. Tuy nhién,
viéc trién khai robot ty hanh trong linh vyc y té con ddi mat véi thach thire vé do
tin cdy, an toan va dao duc trong viéc ap dung cong ngh¢ nay.

1.4.3 Robot ty hanh dung trong linh virc quén sy.

Hinh 1.4 Robot tw hanh dung trong linh vuc quan su

Robot tu hanh trong linh vuc quan su 1a mdt cong ngh¢ dot pha duoc st dung
dé tang cuong kha nang quan sy va thyc hién cdc nhiém vy quan sy ma ngudi
khong thé thyc hién hodc 1am mat qua nhiéu rai ro. Robot tir hanh trong linh vuc
quan su dugc thiét ké dé hoat dong doc 1ap hodc duogc diéu khién tir xa bdi cac
nha quan su dé thuc hién nhiém vu quan sy.

Viéc st dung robot tu hanh trong linh vuc quan sy c6 nhiéu loi ich nhu giam
thiéu nguy hiém cho ngudi linh, ting cuong sirc manh quén sy, va giam thiéu s6
luong binh si can thiét trong cac nhiém vu nguy hiém. Tuy nhién, viéc trién khai
robot tu hanh trong linh vuc quan su ciling dat ra nhiéu thach thirc vé d6 tin cay,
bao mat va dao duc trong viéc sir dung cong ngh¢ nay.



1.5 Pit van dé.

St dung robot phuc vu trong nha hang mang lai nhiéu lgi ich va tiém ning
trong viéc cung cip dich vu t6t hon va nang cao trai nghiém cua khach hang.
Dudi day 1a mot s6 1y do vi sao stir dung robot phuc vu trong nha hang:

+ Nang cao hi¢u suit: Robot phuc vu c6 kha nang lam viéc lién tuc ma khong
can nghi ngoi, khong mac sai s6t nhu con ngudi va khong bi anh huéng béi tinh
trang mét moi. biéu nay giup tang hi¢u suat lam viéc va dam bao dich vu duoc
cung cAp mot cach lién tuc va nhanh chéng.

+ Giam thiéu sai sot: Robot phuc vu thuc hién céc tdc vu mdt cach chinh xac
va khong gip nhitng van dé& nhu 16i don dat hang, viéc dem nhdm moén an hay
viéc tinh toan sai héa don. Diéu nay giup giam thiéu sai sot va ting cudng chat
luwong dich vu.

+ Tao trai nghiém ddc ddo: Sur dung robot phuc vu trong nha hang tao ra mot
trai nghiém ma&i mé va hap dan cho khach hang. Robot co thé c6 thiét ké doc dao,
di chuyén mot cach linh hoat va tuong tac voi khach hang mdgt cach thua vi. Diéu
nay gitip tao ra sy khac biét va giy an tuong cho khach hang.

+ Tang cudng su an toan va vé sinh: Robot phuc vu gitp giam tiép xtc truc
tiép gitta nhan vién va thuc phdm, gitp ting cudng vé sinh va dam bao sy an toan
thuc pham. Pong thoi, robot ciing c6 thé duoc lap trinh dé tuan tha cac quy tac
v¢€ sinh va an toan trong viéc thuc hié€n céc tac vu.

+ Giam chi phi nhan luc: Str dung robot phuc vu ¢ thé giam chi phi nhan lyc
do khong can tra luong, khong can bao hiém va khong gip cac van dé nhu mét
moi hay nghi viéc. Piéu ndy gitp giam chi phi hoat dong ctia nha hang trong dai
han.

Trén thyc té, cling da c6 rat nhiéu nha hang da dua robot vao trong qué trinh
phuc vu dé tiét kiém chi phi cling nhu ting ning suit, ngoai ra con dem lai trai
nghiém méi la va th vi cho khach hang. Hinh 1.5 mo t4 robot dang nguoi st
dung trong cac nha hang tai Phap.

\




Hinh 1.5 Robot dang nguoi phuc vu trong nha hang ¢ Phdp

Viéc sir dung robot & Viét Nam d3 bit dau nhan dugc su quan tdm va phat trién
trong nhiéu linh vuc khic nhau, tuy nhién chu yéu trong linh vuc céng nghiép
hodc phuc vu trong gia dinh, nguoc lai robot phuc vu trong cdc nha hang con kha
it va kha moéi mé. Tuy nhién, voi sy phat trién ciia cong nghé va nhu cau ting
cuong hiéu qua cong viéc, du kién s& c6 nhiéu co hdi va tiém nang cho viéc st
dung robot trong tuong lai.

Véi nhitng tinh nang va wu diém nhu trén, robot hoan toan c6 thé thay thé con
nguoi trong phuc vu nha hang. Do vay, dé tai nay hoan toan la kha thi va c6 thé
dan dau xu hudéng trong tuong lai.

1.6 D& xuat mo hinh robot.

Robot duoc thiét ké dé c6 thé thuc hién 3 nhiém vu sau:

+ Nhiém vu 1: Xay dung ban d6 phong an:

Nhan vién diéu khién robot di xung quanh phong dé 1ap ban dd phong
cho robot.

Robot It trir ban dd phong vao thu muc dé st dung cho cac 1an sau.
Panh s6 ban trén ban do da vé.

+ Nhiém vu 2: Van chuyén cdc moén an tr khu vuc quay, bép ra dén cac ban
theo yéu cau cua khach hang.

Vi tri thudng truc cua robot 1a ¢ gan cac quiy. Robot di luu trit ban dd
cua phong duoc xay dung trudc trong thu muyc.

Chu trinh 1am viéc cua robot bit dau khi c6 khach hang goi moén
an,ban an tai web app.

Nhan vién dit d6 an 1én robot ,nhin xac nhan qua GUI trén robot hodc
trén web,app.

Robot di chuyén dén ban an, trén GUI cta robot va web,app c6 hién
trang thai: “Po an da dén moi quy khach xac nhan” va c6 hé thong loa
thong béo trén robot dé thong bao t&i khach hang.

Khi t&i noi khach hang c6 thé diéu khién robot bang ctr chi tay dé t6i
vi trf thuén tién nhat léy dd an va nhan xac nhan trén man hinh robot
hodc web,app.

Sau khi xéc nhan xong robot s& di chuyén tdi ban khac Idp lai chu trinh
trén va trd vé quay néu giao xong va thong bio v&i nhan vién qua
web,app.

+ Nhi¢m vu 3: Nhén di¢n va phan loai dd uéng.

Robot s& nhan dang céc loai d6 uong bao gom: Cocacola, Pepsi, nudc
loc,...



CHUONG 2. THIET KE MO HINH ROBOT

2.1 Gioi thiéu.

Khi thiét ké mét robot, du tién chung ta s& thiét ké phan co khi cta robot.
Chuong nay sé€ trinh bay viéc tinh chon hinh dang, kich thudc ctia robot.
2.2 Yéu cau ky thuat.

Déi, v6i robot phuc vu nha hang van dé dit ra 1a su tu dinh huoéng bﬁng cac
céu*}l bién, camera, ngoai ra con phai tuong tac vdi khach hang. Thp ra duong di
ngan, dam b,éo phuc vu kip thoi. Hon nira phai d‘ép ung dugc khoi luong cong
viéc thay thé cho 2-3 nhan vién. Phuc vu d}l‘(jC nhiéu ban, nhiéu khach hang cung
mot lac, dieu ma mot nhan nhién khong thé lam duoc.

Dé dap ung dugc nhitng van dé & trén thi robot phai dap ting dugc:
+ Robot phai chiu dugc tai trong 16n.
+ Kich thudc nho gon dé dam bao di chuyén dé& dang trong nha hang ciing nhu
tranh va cham v6i con nguoi. (kich thudce 519x516x1282mm)
+ Toc dQ robot phai du nhanh dé phuc vu cho khach hang nhung khong duoc
qua nhanh néu khong nudc uong s€ bi roi. (toc do khoang 0.5 — 1.2 m/s)
+ Pam bao v€ sinh an toan thuc phém, st dung loai vat liéu phu hop.
+ Robot c6 kha ning xay dung ban do cua nha hang.
+ Robot c6 kha ning tim duong dén dich nhanh trong khi tranh vat can.
+ Tuong tac voi khach hang mdt cach than thién thong qua giao dién va loa
thong bao.
2.3 Thiét ké co khi.

2.3.1 Lua chon két ciu ciia mé hinh xe giao hang.
a) Gidi thi¢u robot 2 banh (Differential Drive Robot - DDR).

"o ) (o o
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Hinh 2.1 Hinh anh mot s6 logi robot DDR




Robot DDR 1a mét loai mobile robot di chuyén nhd 2 dong co riéng biét duoc
dit & 2 bén cua robot. N6 c6 thé thay doi huéng nhd viée thay dbi tbe d6 cua 2
banh. Thong thuong robot loai nay thuong cé thém tir 1 hodc nhiéu hon banh phu
(banh bi dong) hay con goi 1a banh din hudng dung dé dan hudng va giir thing
bang cho robot.

O hinh trén, 2 banh mau den 1a 2 banh cha dong, dugc gin voi dong co dé dicu
khién robot. Banh mau vang 1 banh dan huéng. Céc robot c6 thém 3 banh dan
huéng s& giit thang bang tot hon tuy nhién 5 banh s& khé dong phang nhau hon
so voi loai 3 banh, nhung v&i nhiém vy giao d6 an thirc uéng can phai thang bang
t6t, 6n dinh toc d9, khong xo léch thi 5 banh 1a Iya chon t6i wu hon.

b) Ciu tric robot.

o0 O )
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Hinh 2.2 Mé hinh thiét ké ciia nhém

Duya vao nhiing dac diém vé cach thiét ké khung xe va banh xe nhu trén

thi ta c6 so dd robot nhu sau:

Hinh 2.3 M6 hinh dong hoc cua robot



Robot bao gom 2 banh chi dong va 1 banh dan huéng nhu trén:
+ (xR, Yo 0 R) 1a vi tri va géc quay cua robot so véi hé toa d6 cb dinh.
+ L la khodng céach gitra 2 banh xe.
+ d, r tuong tng la duong kinh Vé,bén kinh cua bén,h Xe.
+ R 1a ban kinh quay tir tdm van toc tuc thoi ICC dén tam robot.
bong hoc thuén:
. Dau vao: Van tdc gbc cua 2 banh xe w, W,

+ Dau ra: Van tdc goc va van toc dai cua robot v, w

Ta 6 _ v _ v, Y (WR_WL)r
aco.-w= §%= R—-L/2 ~—  R+L/2 — L L

v v, Vr UL+vR
Tuong trta co: =" = 7" = Ry1/2 2R
_> v = vL+vR _ (WR+ WL)T
B B 2 B 2

bong hoc nguoc :
+ Pau vao: Van toc goc va van tdc dai cia robot v, w
+ Dau ra: Van toc goc cua 2 banh xe w, W,
w

, L)1
Taco:w = (v +—)—
L 2 r

w

_ v__LL
WR_ 2 T



2.3.2 Mo hinh xay dung cho két cAu da lwa chon
a) Mo hinh xay dung

Hinh 2.4 Mé hinh robot dwoc thiét ké trong Solidworks



b) Bin vé co khi

1

I@N

I =

T — Iy me
==

Hinh 2.5 Ban vé ky thudt mo hinh robot

2.4 Tinh toan va lga chon dong co

2.4.1 Thong sb yéu ciu

+

+
=+
+
+

Khéi lugng robot (bao gdm ca khdi lugng banh xe): M = 10 (kg)
Kich thudc robot: 519x516x1282mm

Téc do t6i da khong tai: v = 0.5 (%)

Khéi lwong banh xe: 1kg x 2

buong kinh banh xe: 165 mm
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b0 day banh xe: 50mm

Kha nang chiu tai: 2.8kg / Tray ~ 8 lon coca trén 1 tray.
Thoi gian str dung: 10— 14 h

Thot gian sac: 4h

Hé s6 ma sat W= 0.3

+ o+ + + o+

Hiéu sudtn = 0.9

2.4.2 Tinh chon ddng co 2 banh din djng
+ Luyec can tic dong 1én robot trong qua trinh di chuyén:

F = MxgXx W
Trong do:
M: tong khéi lugng cuia robot (kg)
g =0. 81(m/sz) - gia toc trong truong
W ma st lan gitra banh xe va bé nat chuyén dong
+ Momen xodn T (Nm) cua ting dong co dé robot c6 thé di chuyén:

FXR
2XiXn

T =
Trong do:
F: lyc can (N)
i: ty sb truyén
1: hiéu suat
R: ban kinh banh xe chu dong (m)
+ Cong suat cua dong co khi c6 tai P (W):

FXxv

P==

Trong do:
F: lyc can (N)
v: van toc 16n nhét caa robot (m/ SZ)
+ S vong quay cua dong co RPM (vong / phut):

60Xv
1929

RPM =
Trong do:
v: 12 van tdc 16n nhét cua robot (m/s2 )
D: duong kinh cua banh chua dong (m)

Tur cac thong s6 dau vao ta tinh dugc:



+ Luc can:

F=(M+M )xgxp = (10 + 11.2)x9.81x0.3 = 62.3916(N)

+ Momen xoan:

0.165
FXR 62.3916x 2%

T = = oxax0s = 2.8596(Nm)

+ Cong suat dong co:

Fxv _ 62.3916x0.5

P=——= > = 15.5979 (W)
+ S vong quay:
60XV 60x0.5 \ .
RPM = ——= = — = = 57.8745 (vong/phit)

Tu céc gia tri tinh dugc ¢ trén, chung ta phai chon dong co dép ung cac
yéu cau sau:
+ Momen xodn du 16n.
+ Dap mg yéu cau vé van tdc, kha ning ting toc ciing nhu kha ning him
dong co.
+ Phu hop véi dién &p st dung.
+ Thich hop v6i mdi truong lam viée, lam viéc chinh xac, hoat dong yén
tinh.
+ Gia thanh phu hop.
Tur nhitng yéu cau trén lya chon mau Hoverboard blde Motor, dugc thé hién
0 hinh 2.6 ¢ dudi.

Hinh 2.6 Hoverboard bldc Motor

13



Bdng 2.1 Théng s kj thudt cia dong co

Loai dong co Khong choi than
bién &p 36v
Cong suat dau ra 250w
Puong kinh truc 13.5mm & 16mm
Chiéu dai truc 53mm
Opening size 110mm
Toc do toi da 26km/h
Trong lugng ~3kg
Momen xo0dn 8Nm

2.5 Thiét ké so' by khung va kiém nghi¢m
2.5.1 Thiét ké so by khung
+ Vit liéu: Nhom dinh hinh 30X30

L 20 /
TR — | ™ =

20
T

2020 Aluminium Extrusion T-Slot Profile

Specification:

Code: 56-20x20

Slot Width: 6.2 mm

Weight: 0.50 kg/m

Mass of Inertia: Ix: 0.72 cm® ly: 0.72 cm®
Section Modulus: 7x: 0.72 cm? 7y: 0.72 m3

Hinh 2.7 Théng tin vé nhém 20X20

+ Tinh nang: Nhom dinh hinh 20X20

Kha ning chéng tinh dién tét.

+ Khung nhém dinh hinh dugc ché tao bang nhom dinh hinh dugc anodized
hoa sang bong bé mit, chéng xude, chiu luc tdt .

+ P06 bén cao, duge san xuit theo phuong phap dun ép, nguyén liéu 12 nhém
A6063-T5, véi d6 nguyén chét cao, dam bao cho nhém dinh hinh cong
nghiép c6 do bén cao.

+ Khung nhém dinh hinh véi trong luong nhe co thé thao lép, di chuyén dé
dang.

-+



+ Tinh linh hoat trong lép rap: Khung nhom dinh hinh str dung céc phu ki¢n
nhom dinh hinh nhu con truot, ke goc dé 1ép rap, vi thé co tinh linh hoat
cao, c6 thé tai sir dung nhiéu lan.

2=

Hinh 2.8 Thiét ké khung trén solidworks

2.5.2 Kiém nghiém khung

a) Gioi thiéu vé SolidWorks Simulation

Kiém nghiém khung 1a mdt qua trinh quan trong trong qua trinh thiét ké va san
xudt cac thiét bi, dic biét 1a trong nganh coéng nghiép. Kiém tra bén giap dam bao
réng khung xe c6 du kha nang chiu dugc cac tai trong, ap lyc va cac yéu t6 khac
ma no c6 thé gip phai trong qué trinh van hanh. Piéu nay dam bao rang khong c6
su suy yéu hodc hong hoc trong khung xe.

Hién nay, Rat nhiéu phdn mém c6 kha ning mé phong va kiém tra bén cho
khung may ¢ nhidu diéu kién va tai trong khac nhau, tir don gian dén phuc tap.
Mot vai cong cu, phén mém c6 thé ké dén nhu: ANSYS Mechanical, Abaqus,
SolidWorks Simulation, COMSOL Multiphysics, MSC Nastran,...Trong d6 an
nay, chiing em di str dung SolidWorks Simulation dé mé phong va kiém nghiém
bén cho khung xe.

SolidWorks Simulation 13 mot phan mém mo phéng va phan tich k§ thuat
duge tich hop trong nén tang SolidWorks CAD 3D. N6 cung cip cic cong cu
manh mé dé mo phong va kiém tra bén cho cc san pham va cau trac khac nhau.
Vi SolidWorks Simulation, ching ta c6 thé thyc hién cac phan tich co ban va
nang cao dé danh gia hiéu suat va d6 bén cta cic thanh phan, khung mdy, hé
thdng may moc va cac san pham khac.

Mot trong nhitng trng dung chinh cia SolidWorks Simulation 1a phén tich co
hoc. SolidWorks Simulation cho phép ban mé phong va kiém tra bén cho cac
phan tich co hoc, bao g6m tinh toan d6 bén, bién dang, tai trong tinh va dong. Ta
¢ thé danh gia céc yéu t6 nhu ap luc, lyc tac dong, tai trong, dd chiu tai va do
bén tinh.
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b) Cac bude thye hién kiém nghiém bén b?lng SolidWorks Simulation.
Pé kiém nghiém bén cho khung xe, ching em da thuc hi¢n lan luot cac bude
sau:

Budrc 1: Thiét 1ap mé hinh
Sau khi st dung cac cong cu thiét ké trong solidword dé thiét ké khung xe,
chung em dugc mo hinh khung xe 3D nhu hinh 2.9

TR 4 R

Hinh 2.9 Thiét ké khung trén solidworks

Budc 2: Khdi tao New Study

Khoi tao mot New Study trong SolidWorks Simulation cho phép bat dau mot
phan tich méi hodc tao mdt phan tich bd sung dua trén mo hinh hién tai. Khéi tao
mot New Study cho phép tiy chinh thiét 1ap phén tich, chon phuong phap phan
tich, 4p dung cac diéu kién bién va thiét 1ap cac thong sé cu thé cho phan tich.
Diéu nay gitip t6i wu hoa quy trinh phan tich va thu thap két qua chinh xac va
dang tin cady. Céac budc thuc hién dugc mo ta trong bang 2.2



Bang 2.2 Cac buoc thuc hién tao mot study moi

TAO MOT STUDY MOI
Click vao tab Simulation
trén thanh C@ng cu Céc tl‘ly < SOLIDWORKS |4 File Edit View Insert Tools Simulation Window Help
R x| = © i1 %l
Chon trong Slmulatlon Se Study Apply Fixtures Advisor External Loads Advisor Connections Advisor
. Material - - =
hl¢n len tren tha‘nh Menu‘ ‘Lui ‘ Sketch ‘ Weldments ‘ Evaluate‘ SOLIDWORKS Add-Ins | Simulation Ir
| ) e
Click vao New Study
Study @
(D -
Message -~
Trong Property Manager’ Study stresses, displacements,
L. Y " strains and factor of safety for
dudi Name, dién tén StUdy components with linear material
moil. Name o
9_)—) Static 1
Trong General Simulation, '
. . General Simulation ~
click Static.
e_)-) Static
. A 7 Use 2D Simplificatio
Click dau tich xanh. e
Phan mém tao Study trong Design Insight ~
cay Simulation study.

Buwéc 3: Thiét lap thong 50 vat liéu cho khung xe.

Dit cac théng sb vat liéu cho cac thanh phan trong mé hinh 13 bude rat quan
trong trong kiém nghiém bén khung xe. SolidWorks Simulation cung cip mot thur
vién vat li¢u phong phu dé lua chon, c6 thé nhap li¢u tryc tiép cac thong sb vat
liéu cu thé.

Vi nhom dinh hinh 20X20 dugc san xuat theo phuwong phap dun ép,
nguyén li€u 12 nhom A6063-T5. Nén trong simulation ta sé chon vat li¢u la
Nhom 6063-T5. Cac thuc hién dugc mo ta trong 2.3.
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Badng 2.3 Cdc bude thiét lap thong sé vit liéu

THIET LAP THONG SO VAT LIEU

Trén thanh Menu cua tab
Simualton, click Apply Material.

Xuét hién hop thoai Material.

Click Aluminium Alloys, s& hién thi
cac ma vat liéu thudc nhom nay.

Tim va chon 6063-T5

Click Apply.

Click Close dé dong hop thoai

55 >
| 22 SOLIDWORKS

<« = C
MNew Study A- “ ures \
pply
. Material | o—’)

Features ‘ Sketch ‘ Weldme

| Material

> [i©) SOLIDWORKS DIN Materials
v [E] SOLIDWORKS Materials

> Steel
> Iron

Aluminium Alloy: ‘l————@
> |i=] Copper Alloys )

£= 6063-T4
|gE 6063-T5 | <l @

o= 6063-T6

[ Apply l | Close |

A X
15) 6)

Buéc 4: Thiét 1ap cac ring budc c¢6 dinh

Pé phan tich tinh, ta phai ap dung ddy du nhiing rang budc c¢b dinh dé 6n dinh
mo hinh. D61 véi ki€ém nghiém bén khung xe, ta s¢ dat cac rang budc co6 dinh tai
vi tri cac banh xe. Két qua sau khi da thiét 1ap cac rang budc cb dinh nhu Hinh

2.10.




Hinh 2.10 Sau khi da thiét lgp xong cdc rang budc cé dinh cho khung xe

Céc budc thyc hién dugc mo ta trong 2.4.

Bang 2.4 Cdc bude thiét ldp cdc rang budc co dinh

THIET LAP CAC RANG BUOC CO DINH

Trong cay Simulation
click Fixtues.

study,

Xuét hién hop thoai, Click chon
Fixed Geometry.

Trong Standard(Fixed
Geometry), click chon Fixed
Geometry.

Click vao cac vi tri mudn dit rang
budc trén khung xe 3D

Click vao diu tich xanh dé hoan
tat rﬁng budc cb dinh.

V-
C{t Static 1 (-Default<As Machinec

» @as)

£ Joint group
'l
L

+ [&= Results

Connections

[ Fwres |

¥ External| & Fixtures Advisor..

% Mesh -
Result G (2 Fixed Geometry..

Hide All
Show All

Oy Copy

% Create New Folder

Fixture @

>~ -

Example
Standard(Fixed Ty)

Fixed Geometry
Immavable (Mo translation)
Use Reference Geometry

(~)

~

S amat 3)

2 lJoint<16, 1>

Joint<64, 1=

Symbol Settings
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Budc 5: Dat luc 1én khung xe

bit lyc 1én mo hinh trong SolidWorks Simulation 1a mét cach dé mo phong va
kiém tra bén cac san phim va cdu tric. Bing cach ap dung cac luc va tai trong
dang, ta co thé danh gia hi¢u suit va do bén ciia mé hinh trong cac diéu kién thuc
té.

Vé6i khung xe nay, tong khdi lugng san pham bén trén t6i da 13 12 kg. Tir d6 ta
xac dinh duoc lyc tac dung 1én bé mat phia trén khung xe 1a 120 N. bé don gian,
ta s& dt luc phan bd trén cac thanh nhom phia trén khung xe véi d6 16n 1a 120 N.
Céc budc thye hién dugc mo ta trong 2.5.



Bang 2.5 Cac buoc dat lyc lén khung xe

DAT LUC LEN KHUNG XE

Trong cay Simulation study, click
External Loads.

Xuat hién hop thoai, click chon
Force.

Trong Seclection, click Beams.

Click vao céac thanh diam can dat
luc phan bo

Chon mdt canh hodc mot duong
lam hudng cua luc tac dung.

Click vao Force va dién gia tri ctia
luc.

Click vao dau tich xanh dé hoan tat
dat luc.

Q‘ Static 1 (-Default<As Machinec
» @ ag(n

£ Joint group

[

i)

Result Options|
- Results =
& Stress1 (ST~ —
& Nicnlaremd o Gravity..

Force/Torque

o>~ -

Selection

(1)

L} External Loads A

@

—_———————
@ 30xs6 30X3056(6)[4]

30xs6 30X30S6(10)(1]
X% | 30xs6 30X3056(13)

- 30xs6 30X3056(6)(5]
o

30xs6 30X3056(10)[2]

ESI

[CJper unit length

ol

[ JReverse direction

Moment

_L 1 N.m
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Két qua sau khi dit luc phan b 1én khung xe

PO E P fJ("l Y-S0

achined>-)

Hinh 2.11 Khung xe sau khi dat luyc phan bé

Buée 6: Tao Mesh va chay phan tich.

Trong SolidWorks Simulation, tao mesh (ludi mang) 1a mét budc quan trong
trong qua trinh chuan bi mé hinh dé thuc hién phén tich. Tao mesh 1 qua trinh
chia mo hinh thanh cic phan tir nho hon dé tinh toan cac gia tri chinh x4c hon
cho cac bién dang, ap luc, cing thing va cac thong sé khac trong phén tich.

Cac budc thyc hién duoc mo ta trong Bang 2.6.

Bang 2.6 Cac buoc tao MESH

TAO MESH

Trong cay Simulation study, e

click Mesh. &} 4 Static 1 (-Default<As Mach
» Gaem

£ Joint group
¥ Connections
r @a Fixtures

i External Loads

Xuét hién hop thoai, click chon
Create Mesh.

Phan mém s& tu dong chia ludi

cho khung xe. = RESUl"% Mesh Advisor...
& R
@ &R B85 Simplify Model i
|IEE Create Mesh... I‘——‘@
Trén thanh Menu cua tab
Simualton, click Run This
Study dé chay phan tich. ©
Run This Study | [Resul

Phan mém sé& ty dong tinh todn va I @/

tra ra két qua.

i




Két qua sau khi tao Mesh cho khung xe Hinh 2.12.

achined>-)

Hinh 2.12 Khung xe sau khi dwoc tao Mesh

PLadE S fFl ¢ - S -0

Sau khi click Run This Study phin mém sé& ty dong tra ra két qua tng suét,

chuyén vi, hé s6 an toan ...

Model name: khung sua ok

Study narne: Static 1(-Default<As Machineds-)
Plot type: Upper bound axial and bending Stress1
Deformation seale; 239119

I

k.

poa z’.‘fi @ m':

4

u

Upper bound axial and bendir
1.152e+07
1.036e +07
. 2213e+06
. B0&2e+08
| 6811e+06
| s
. 4.600e+06

L 3.458e+06

2.307e+06
1.155e +06
4.201e+03

— Vield strength: 1.450e +08

7w Geaticd [

Hinh 2.13 Két qud phan tich irng sudt
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WIDU VIS SN | JULIUVIURRD AUGTINY | JIMUEUUN | VDL | SULIVYIURRS LAV | QULIUVIURRS LAV 1DV | Aflalyss FrEparauon |

Madel name: khung sua ok 3 ZB-0-v-¢&&-0
Study name: Static 1(-Default<As Machined >-)

Plot type: Static displacement Displacernent] L
Deformation scale: 23,9119

URES {mm

5.085e +00

. 4577200
._,l l _ 4,068 +00

. 3.560e+00
. 3.051e+00

} | L 2543e+00
. 2.03de+00

. 1.526e+00
1.017e+00
5.085e-01

1.000e-30

Hinh 2.14 Két qud phdn tich chuyén vi

imuation window A Y [ - [¥ - A= T -I- 8 8}~ k.. | (@) Search SOLIDWORKS Help

MBD Dimensions | SOLIDWORKS Add-lns | Simulation | MBD | SOLIDWORKS CAM | SOLIDWORKS CAM TBM | Analysis Preparation

Py ]

Mosdel name: khung sua ok 3

Study name: Static 1(-Default <45 Machined >-)
Plot type: Factor of Safety Factor of Safetyl
Criterion ; Automatic

Factor of safety distribution: Min FOS = 13

FOS
1.5582+04
l 1402e+04
— L 1.247e+04
| 1.091e+04

| 93526 +03
| R796e+03
. 6230402

_ 468303

L 3126 +0%

I 1,569 +03
1,258 401

L,

| % Static1 |

Hinh 2.15 Két qud phan tich hé s6 an toan



d) Phan tich, danh gia két qua kiém nghiém bén.
1. Danh gi4, phan tich Gmg suat

MBD Dimensions | SOLIDWORKS Add-Ins | Simulation | MBD | SOLIDWORKS CAM | SOLIDWORKS CAMTBM | Analysis Preparation |

Model name: khung sua ok 3 ey Eg l{'l—m
Stuchy narmes Scatic 1(-Default<és Machineds-)

Plot type: Upper bound axial and bending Stress1

Deformation scale; 23,3113

Upper bound axial and bending |
J 1.152e +07
‘__L . 1.036e +07
_ D213e+06
. B.0Ze+06
_ B511e+06

. 5.760e+06

_ 4.60% +06

. 3458 +06

2.307e +06
1,153 +06
4.201e+03

— Yield strength: 1.430e+08

Hinh 2.16 Két qud phadn tich irng sudt

Vi tri dé bi pha huy nhat 13 2 vi tri dwoc khoanh tron mau d6. Ung suat tai 2 vi
tri nay dang 13 1,152.10” nh6 hon nhiéu so véi ing suat cho phép 1a 1,45.10%.Voi
két qua nay, khung xe di thoa min bén vé ng suat. Pé ting do bén tai 2 vi tri
nay, ching em d3 ting thém ke goc dé dé tang bén cho 2 vi tri nay.

2. Dénh gia, phan tich chuyén vi

Model name: khung sua ok 3 PEZAZP-D-v»-&@-3
Studdy narme: Static 1(-Defauft s Machined »-)
Plat type: Static displacement Disglacement]
Deformation scale: 33.9113

URES {fnirn)
5.085e +00

L A577e+00

- 4.068:+00
- 3.560e+00
. 3.051e+00

L 2.543e+00

L 2.03e+00

. 1.526e+00

1.017:+00
5.085e-01
1.000e-30

L.

[T I

Hinh 2.17 Két qud phan tich chuyén vi

Sau khi tac dung luc, vi tri chuyén vi nhiéu nhéat dugc khoanh d6. Chuyén vi
16m nhat tai vi tri nay 1a 5 mm. K&t qua nay rat nhd, cé thé chap nhan dugc va
thoa man bén vé chuyén vi.
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3. Danh gid h¢ so an toan cua khung xe

Madel name: khung sua ok 3 PLLAREE - T-+- &2
‘| Study name: Static 1(-Default<As Machined -}
Plot type: Factor of Safety Factor of Safetyl
Criterion : Automatic

Factor of safety distribution: Min FOS =13

1.558e +04
l 1.40ze+04
— | 1.247e+04
_ 1.00Te+04
| 93526403
} | 7.796e+03

_ 6230403
| A6B3e+03

- 3126e+0%

I 1,569 +08
1,259 +01

Hinh 2.18 Két qua phan tich hé sé an toan
Tir két qua tra ra, ta thdy hé s6 an toan nho nhat 1a 13 > 3. Véi két qua nay,
khung xe thoa man di€u khién bén v€ h¢ s6 an toan.
K&t luan: Sau khi danh gia két qua simulation vé Gng sut, chuyén vi, hé sé an
toan thi khung xe d théa man diéu kién bén.



CHUONG 3. THIET KE HE THONG PIEU KHIEN

3.1 Giéi thi¢u

Trong chuong nay, ta s€ di xay dung va lya chon cac module diéu khién cho hé
thong va gidi thiéu vé cc cau hinh, chirc ning cta timg phan tir trong hé thong
robot. Tur do, ta s€ di xay dung va tim hiéu vé cac thuat toan diéu khién duoc ung
dung.

3.2 Thiét ké hé thong diéu khién phin cing
3.2.1 NVIDIA Jetson Nano Developer Kit

a) Giéi thiéu vé NVIDIA Jetson Nano Developer Kit

NVIDIA Jetson Nano Developer Kit 1d mot may tinh nhé nhung rat manh mé
cho phép ban chay song song nhiéu mang neural st dung cho cac ung dung nhu
phan loai hinh anh, phat hién ddi tuong, phan doan va xu ly giong néi. Tat ca
trong cing mot nén tang dé str dung ciing nhu tiéu tén it hon 5 watts.

Jetson Nano cling cép 472 GFLOPS dé chay cac thuat toan Al hién dai mot
cach nhanh chong, voi mot CPU quad-core 64-bit ARM , mot NVIDIA GPU
128-core duoc tich hop trén board mach, cting nhu bg nhé 4GB LPDDR4. Co thé
chay song song nhiéu mang neural va xir Iy dong thoi mot sd cam bién cé do
phan giai cao.

Jetson Nano ciing duoc hd trg boi NVIDIA JetPack. Bao gém céc gbi hd trg
board (BSP), CUDA, cuDNN va thu vién phén mém TensorRT cho deep
learning, computer vision, GPU computing, multimedia processing va nhiéu tng
dung khac. SDK ciing bao gom kha ning cai dit frameworks Machine Learning
(ML) mi ngudén mé nhu TensorFlow, PyTorch, Caffe / Caffe2, Keras va MXNet,
cho phép cac nha phat trién tich hop cac model Al/ framework yéu thich ctia ho
vao cac san phdm mot cach nhanh chéng va dé dang.

Pic biét: NVIDIA Jetson Nano da c6 phién ban méi nhat BO1, c¢6 ning cap
thém mot cong CSI hd tro str dung ddng thoi 2 Camera.

b) Thong sb k¥ thuit ciia Jetson Nano Developer Kit

Hinh 3.1 Jetson Nano Developer Kit
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GPU: 128-core Maxwell™ GPU

CPU: quad-core ARM® Cortex®-A57 CPU

RAM : 4GB 64-bit LPDDR4

B6 nhé : khe cdm thé microSD (devkit) hoic 16GB eMMC flash (Tt nha
san xudt)

Video:

e Encode: 4K @ 30 (H.264/H.265)

e Decode: 4K @ 60 (H.264/H.265)

Céc giao dién :

e FEthernet: 10/100/1000BASE-T self-negotiation

e Camera: 12-ch (3x4 OR 4x2) MIPI CSI-2 DPHY 1.1 (1.5Gbps)
e Display: HDMI 2.0, DP (DisplayPort)

e USB: 4x USB 3.0, USB 2.0 (Micro USB)

e Others: GPIO, 12C, 128, SPI, UART

Nguén cap :

e Micro USB (5V 2.5A)

e DCjack (5V 4A)

Kich thudec :

e (Core module: 69.6 mm % 45 mm

e Whole kit: 100mm x 80mm x 29mm

¢) M6 hinh 3D va cac cong Input/Output ciia Jetson Nano Developer Kit

1) MicroSD card slot for main storage

2) 40-pin expansion header



3) Micro-USB port for 5V power input or for data
4) Gigabit Ethernet port

5) USB 3.0 ports (x4)

6) HDMI output port

7) DisplayPort connector

8) CD Barrel jack for 5V power input

9) MIPI CSI camera connector

»
*
-
-
L4
* 22
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-
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d) Kha nang xur ly cua NVIDIA Jetson Nano so véi cac loai may tinh
nhing khac

NVIDIA Jetson Nano c¢6 thé chay rat nhiéu mang tién tién va mai nhat, bao
gdm toan bd cac framework Machine Learning phd bién nhu: Tensoflow, Keras,
Pytorch, Caffe/Caffe2, ... . Tir d6 co thé ap dung dé xiy dung, thiét ké cac mo
hinh, cac thuat todn phirc tap cua hé th6ng Tri tué nhan tao béng cach tan dung
kha ning tinh toan manh mé& dén tir phan cimg cua Jetson Nano dé nhan dang va
xtr Iy hinh anh, phat hién, dinh vi ddi tugng.

Bang 3.1 sau ddy s& cung cip day du hon hiéu suat ctia Jetson Nano khi chay
cic mang Machine Learning dong thdi so sanh v&i cic nén tang khac nhu
Raspberry Pi 3, Intel Nerual Compute Stick 2 va Google TPU Coral Dev Board.
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Bdng 3.1 Hiéu sudt ciia Jetson Nano khi chay cdc mang ML so véi cdc nén tang khdc

ResNet-50 Classification | TensorFlow 36 FPS 1.4FPS 16 FPS DNR
(224x224)
MobileNet-v2 Classification | TensorFlow 64 FPS 2.5FPS 30FPS 130 FPS
(300=300)
S50 ResNet-18 Object TensorFlow 5FPS DNR DNR DNR
[960x544) Detection
SSD ResNet-18 Object TensorFlow 16 FPS DNR DNR DNR
(480x272) Detection
S50 ResNet-18 Object TensorFlow 18 FPS DNR DNR DNR
[300x300) Detection
S50 Maobilenet-v2 Object TensorFlow 8FPS DNR 1.8 FPS DNR
[960x544) Detection
S50 Mobilenet-V2 Object TensorFlow 2TFPS DNR TFPS DNR
(480x272) Detection
S50 Mobilenet-V2 Object TensorFlow 39 FPS 1FPS 11 FPS 48 FPS
(300x300) Detection
Inception Vi Classification PyTorch 11FPS DNR DNR 9 FPS
[299x299)
Tiny YOLO V3 Object Darknet 25 FPS 0.5 FPS DNR DNR
(616x416) Detection
OpenPose Pose Caffe 14 FPS DNR 5FPS DNR
(256x256] Estimation
VGG-19 (224x224) Classification MXNet 10 FPS 0.5 FPS 5FPS DNR
Super Resolution Image PyTorch 15FPS DNR 0.6 FPS DNR
[481x321) Processing
Unet Segmentation Caffe 18FPS DNR 5FPS DNR
[1x512x512)

Két qua DNR (Did Not Run) xdy ra thuong xuyén do dung luong cta bd nhd bi
han ché, cac mang Machine Learning khong duogc hd tro hodc 1 bi gidi han vé
phan ctmg va phan mém. Nhu trén bang thong ké & trén, Jetson Nano c6 thé chay
v6 s6 mang khac nhau véi d6 phan giai full HD va c6 FPS kha cao so véi cac nén
tang may tinh nhung khac. Bén canh d6, kién tric CUDA cua Jetson Nano con ¢6
thé st dung cho linh vuc thi gidc may tinh, xtr 1y tin hi¢u s6, cac thuét toan FFT,
BLAS, LAPACK, cung cac nhan CUDA do nguoi dung ty dinh nghia.

e) Giao tiép GPIO trén Jetson Nano

Jetson Nano 1a Iy tuong cho cac irng dung hoc tap va Al sau nhung n6 ciling cé
tiu dé mo rong 40 chan mang theo mdt s6 chan GPIO c6 thé duoc st dung dé
thue hién cac tac vu cdp vi diéu khién twong ty nhu cac bang Raspberry Pi.



Bdng 3.2 So' do6 chan trén Jetson Nano

Sysfs Name Pin | Pin Name Sysfs
3.3vDC 1 2 5vDC
12C_2_SDA 3 4 5vDC
12C_2_SCL 5 6 GND

gpio216 | AUDIO MCLK [ 7 | 8 UART_2_TX

GND 9 10 UART_2_RX
gpio50 UART 2 RTS | 11 12 12S_4 CLK gpio79
gpiol4 SPI_2_SCK 13 14 GND
gpio194 LCD_TE 15 | 16 SPI_2 Cs1 gpio232
3.3vDC 17 | 18 SPI_2_CS0 gpio15
gpiol6 SPI_1 MOSI | 19 | 20 GND
gpiol7 SPI_1 MISO | 21 | 22 SPI_2_MISO gpiol3
gpiol8 SPI_1_SCK 23 | 24 SPI_2 CS0 gpio19
GND 25 | 26 SPI_2 _Cs1 gpio20

IC21 SDA | 27 | 28 | 12c_1.scL

gpiol49 | CAM AFEN | 29 | 30 GND

gpio200 GPIO PZO | 31 | 32 | LCD BL PWM | gpio168

gpio38 GPIO_PE6 33 | 34 GND

gpio76 I12S 4 LRCK | 35 | 36 UART_2_CTS gpio51

gpiol2 SPI_2 MOSI | 37 | 38 12S_4_SDIN gpio77
GND 39 | 40 | 125_4 _SDbouTt gpio78

Dé st dung thiét bi dau cudi dé truy cﬁp va stra d6i cac gia tri trén cac chn ta
u’ng dung thu vién Jetson.gpio Python dé giao tlep v6i cac thiét bi ngoai vi két
nbi voi Jetson nano. Goi Linux cho Tegra cung cap thu vién Jetson.gpio Python
dé giao tiép theo chuong trinh vdi cac chan GPIO.

Pé sir dung thu vién ta phai cai dat va setup thu vién trén nén tang python3 va
hoat dong trén quy tic GPIO udev.

f) Két luan

Trong do 4n nay, ta sir dung NVIDIA Jetson Nano véi vai trd 1a trung tim xtr
1y chinh, nhan dit liéu tir RPLiIDAR va camera ciing nhu truyén tin hiéu xubng
mach diéu khién dong co.
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3.2.2 RPLiDAR A1MS8
a) Gio6i thiéu chung vé RPLiDAR A1MS8

Cam bién Laser Radar (Lidar) RPLIDAR A1MS8 360° Laser Range Scanner
duoc san xuét boi hang SLAMTEC dugc st dung cho cac ung dung phat hién vat
can, 1ap ban do bﬁng tia Laser trong xe, robot ty hanh, h¢ théng chéng trom,...
cam bién c6 d6 On dinh va do chinh x4c cao.

Cam bién Laser Radar (Lidar) RPLIDAR A1MS 360°Laser Range Scanner sir
dung giao tiép UART nén c6 thé dé dang giao tiép véi vi diéu khién, may tinh
nhung hoic két néi may tinh qua mach chuyén USB-UART va phan mém di
kém, cam bién c6 kha ning quét xa v6i khoang cach 1én dén 12m, tan sb toi da
10Hz vé6i 8000 samples per time, phtt hop cho v6 sé cac tng dung khac nhau.

b) Théng s6 k¥ thuat cia RPLiDAR A1MS8
bié¢n ap st dung: SVDC
Chuan giao tiép: UART
Phuong phép phat hién vat can: Laser
Khoang cach phat hién vat can téi da: 12m
Goc quay: 360°
Téc d6 1ay mau t6i da: 8000 Samples per time.

Tan sb quét toi da: 10Hz
Kich thuédce: 71 x 97mm

+ + + + + + o+ o+

c¢) Két luan

Trong do 4n nay, RPLIDAR A1MS c6 vai trd quét va 1ap ban dd trén khong
gian 2D, xac dinh vat can va dinh hudng duong di cho robot va truyén tin hiéu
cho Jetson Nano.



3.2.3 Hoverboard Hardware

a) Gioi thiéu chung vé Hoverboard Hardware

Diéu khién tdc d§ va chiéu quay cua dong co 1a 2 nhi¢m vu chinh khi dong co
hoat dong. :Frong de ,téi,,nh(')‘m ching em st dung Hoverboard Hardware trong
hinh 2.26 d¢é giai quyét van deé nay.

Connectors of the Mainboard XT60 Main Power

Power Button
- Latch circuit
- STM32 GPIO

Charging Connector

SWD Programming

Main Motor Wire
Left Hall Cable

5V 100mA max.

Left Sensor Board

Hinh 3.5 Hoverboard Hardware

b) Thong sb ky thuat

TOP VIEW .
S .,
R24 T——i-- .
UART_L_TXD—{I00}- ",
UART _L_RX-O—{ 100} .
[ — ™
AATL
-3V3 “\\
§ ON SWITCH @i:
7T
§§§ o
L2
. R21L
L_MTR_HALL_PHC -1
_MTR_HALL_PHB T e T
_MTR_HALL_PHA {55}
—= s
POALL f GND
1 aweaor
mzE 3 .
Lz
R_MTR_HALL_PHAG T I "
ATMTRHALLPLB . ‘E%:i LI[ GHD 4x2.53mm Pitched Holes O CHARGE_CONNECTED
R_MTR_HALL_PHC ETE, s S
Gip
c24
kA Charge
s MCU_SWCLK
D . - MCL_SWDIO JE
UART_R_TXD—{ 100} e
UART R RXO—{10n}- T e GND  GND GND
L iR e
GHD e
/'/
S
\ A ’ A
Hinh 3.6 So do cac chan Hoverboard Hardware

Pay 1a vi diéu khién chinh dugc st dung dé 1ap trinh va chay tic vu cho hé
thong. Pay 1a bd ndo cua hé¢ thong dé di€u khién tat ca cac thiét bi khac trén
mach.
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Hinh 3.7 So' d6 chdan STM32F103RCT6

Nguon DC:
Cép ngudn cho Hoverboard 36VDC qua cong “XT60 Main Power”.
Chan sensor:
Mach duoc tich hop san 2 cable doc tin hiéu cam bién tir 3 pha cua 2 dong co.
Giao tiép:
Ca 2 cong USART déu hd trg dau vao UART, PWM, PBM va iBUS. Ngoai ra,
USART?2 ¢6 thé duoc st dung lam ADC 12bit, trong khi USART3 c6 thé dugc
sit dung cho I2C. Luu ¥ rang mic di USART3 (cap bén phai) c6 kha ning chiu
5V, USART?2 (cap bén trai) khong chiu dugc 5V.
¢) Nguyén ly hoat dong

Trong mach ndy c6 sin 3 loai diéu khién, n6 c6 thé dugc dit trong tép
config.h thong qua tham s6 CTRL TYP_SEL.:

+ Commutation (COM_CTRL)

+ Sinusoidal (SIN_CTRL)

+ Field Oriented Control (FOC_CTRL) v6i 3 ché d¢ dicu khién sau ¢6 thé
dugc dat trong tép config.h voi tham s6 CTRL_MOD _REQ:

e CHE PO PIEN AP (VLT_MODE): ¢ ché do nay, bo diéu khién ap
dung Pién ap khong ddi cho dong co. Puoc dé xuét cho cac ing dung
10 bot hodc cac img dung yéu cau phan tng dong co nhanh.

e CHE PO TOC BO (SPD _MODE): trong ché do nay, bo diéu khién
vong kin nhén ra myc tiéu tdc do dau vao bang cach loai bo bat ky
nhiu nao (tai dién trd) duoc ap dung cho dong co. Pugc dé xuit cho
cac tng dung rd bdt hoidc cac tmg dung téc d6 khong ddi.

e TORQUE MODE (TRQ MODE): trong ché d6 nay, muc tiéu mémen
dau vao duoc thuc hién. Ché d6 nay cho phep dong co "quay vong tu
do" khi myc ti€u mé-men xoan 1 0. Puoc dé xuat cho hau hét cac tng
dung véi nguoi 1ai xe ngdi.

d) Cac ché do miu:



+ VARIANT_ADC: Pong co dugc dicu khién bai hai chiét ap duoc két ndi
vO1 cap cam bién Trai (c6 day dai)

+ VARIANT_USART: DPong co dugce diéu khién thong qua giao thirc noi
tiép (vi du: trén cap cam bién bén phai USARTS3, cap co day ngan). Cac
1€nh c6 thé dugc gui tir Arduino.

+ VARIANT_NUNCHUK: Wii Nunchuk cung cap kha nang diéu khién ga,
phanh va lai bang mot tay. Pay 1a mét trong nhiing thiet bi dau vao dau
tién dugc st dung cho ghé banh dién hodc thung chai.

+ VARIANT PPM: Diéu khién tir xa RC voi tin hiéu PPM Sum.

+ VARIANT PWM: biéu khién tir xa RC vdi tin hiéu PWM.

+ VARIANT_IBUS: Diéu khién tir xa RC voi giao thire Flysky iBUS duoc
két n61 vo1 cap cam bién Trai.

+ VARIANT HOVERCAR: Dong co dugc diéu khién boi hai ban dap
phanh va ga.

+ VARIANT_HOVERBOA‘RD: Mainboard doc dir li€u cua hai ‘
sideboard. Cac bang phu can duoc flash voi phién ban hack. B diéu
khién can bang chua dugc trién khai.

+ VARIANT_TRANSPOTTER: Py la h¢ thong vén tai danh cho thiét bi
di chuyén, 1a mot hé thong giao thong dua trén van trugt

+ VARIANT_SKATEBOARD: wCéi nay danh cho viéc xay dung van truot,
dugc di€u khién bang dic¢u khién tir xa RC véi tin hi¢u PWM dugc két noi
v&i1 cap cam bién bén phai.

e) Két luan

Trong dd an nay, Hoverboard Hardware duoc stir dung dé diéu khién toc do va
chiéu quay cua dong co.

3.2.4 Mach phat 4m thanh DY-SV5W

a) Gidi thi¢u chung

Mach phét am thanh DY-SV5W MP3 WAV Player UART tich hop Amply 5W
dugc st dung dé phat am thanh MP3 WAV tu thé nhd MicroSD, mach co thé
diéu khién qua giao tiép UART hoic kich bang cac chan tin hiéu trén mach, mach
hd tro dinh dang thé nhé FAT16 / FAT32 tbi da 1én dén 32GB véi 2 chuin 4m
thanh thong dung la MP3 va WAV.

Mach phét &m thanh DY-SV5W MP3 WAV Player UART tich hop Amply 5SW
v6i Amply 5W nén c6 thé phat truc tiép ra loa co tré khang dudi 4Q, mach con
tich hop bién tr¢ chinh am lugng (volume), cong MicroUSB (cdp ngudn va doc
thé nhd) va ngd ra 4m thanh chuén 3.5mm, thich hop véi cac tmg dung phat 4m
thanh, Robot, Smarthome,...
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Hinh 3.8 Mach phat am thanh DY-SVSW

b) Théng s6 k¥ thuit Mach phat Am thanh DY-SV5W:

+

+
+
+

Dién 4p str dung: 5VDC tir chan cAp ngudn hoic cong Micro USB.

Hb tro chuén 4m thanh MP3 / WAV.

Ho tro Sampling Rate (KHz): 8/11.025/12/16/22.05/24/32/44.1/48.

Ho tro ngd ra DAC 24-bit, dynamic range support 90dB,signal-to-noise
ratio support 85dB.

HO trg thé nhd MicroSD (TF Card) dinh dang thé nhd FAT16/FAT32, b
nh¢ t6i da 1én dén 32GB.

Tich hop Amply 5W Class D phét truc tiép ra loa c6 tré khang dudi 4Q.
HO tro giao tiép UART diéu khién hau hét cac chic ning: Play, Back,
Pause, Selection, Volume, ... diéu khién 1én dén 65535 bai hat, toc do giao
tiép Baud rate 9600bit/s.

HO tro diéu khién qua cac IO trén mach vai cac ché do doc lap, két hop dé
diéu khién 1én dén 255 bai hat.

HJ trg diéu khién qua chi 1 day giao tiép tai IO4 véi cac chic ning: Play,
Back, Pause, Selection, Volume, ...

Tich hop 3 cong tic dé chuyén 7 ché d6 diéu khién khac nhau.

Tich hop cong Micro USB dé cip ngudn va ¢ chic nang doc thé nhd

MicroSD (TF Card) trén mach.



+ Kich thuodc: 40 x 40mm
¢) Kétluin
Trong d6 an ne‘}y, st dung mact} Mach phat 4m thanh DY-SV5W dé théng bao
cho khéach hang dé chon va nhan d6 udng.
3.2.5 Loa Toan Dai 2inch - 6Q2 5W
a) Gidi thiéu

ot

Hinh 3.9 Loa toan dai 2 inch - 6Q2 5SW
Thong sb k§y thuat:
+ Tré khang loa: 6Q
Cong suit: SW
Tan s6 dap tmg: 167Hz - 20KHz
Puong kinh ngoai t6i da: 64mm
Puong kinh md: 58mm

Khoang cach duong chéo: 73mm

+ + + + o+ o+

Chiéu cao: 30mm
b) Két luan
Trong d6 4n nay, loa dlI(_)’f} nbi voi mach phat 4m thanh dé phat nhimg am
thanh da luu san trong mach dé thong bao vdi nguodi st dung.
3.2.6 Nut dirng khan cip
a) Gidi thiéu
Nut dung k,hén cép (Erpergency Stop Button) 1a mot tha‘lr)h phan quan trong
trong cac hé thong di’éu khién va tu d(f)pg h(’)a: du:qc st dung dé df{:ng ngay lap tuc
hoat dong ctia h¢ thong trong tinh huong khan cap h?éc nguy hiém. N6 dam bao
an toan cho nhan vién va thiét bi trong truong hop can dung lai mot cach nhanh
chong.
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Hinh 3.10 Nuit dirng khan cap

b) Thong sb ky thuat

Dién 4p: (dién ap tdi da): 600V

Dong: (dong dién tdi da):10A

Puong kinh ren gin ta: 22mm

Tiép diém INO + INC

Nhiét do hoat dong: -25~70 do C.

Chét liéu: nhua, kim loai

Nguyén ly hoat dong

Ngét mach dién: Nut dung khan cép duoc két ndi voi mach dién caa hé
théng. Khi ntt nay duoc nhén, nd ngét mach dién, ngét két ndi nguén dién
hoic tin hiéu diéu khién dén cac thiét bi va may moc trong hé thong. Diéu
nay din dén viéc dimng hoat dong ciia cac thiét bi do.

+ Nguyén tic khan cdp: Nut dimg khan cdp c6 tinh ning khan cip, nghia la
n6 dugc thiét ké dé dugc nhan mot cach nhanh chong va dé dang trong
truong hop xay ra sy ¢b hodc tinh huéng nguy hiém. Vi mot luc nhan
nhét dinh, nat dung khan cép s& dugc nhan xuéng, ngét mach dién va
dirng hoat dong ctia hé théng ngay lap tuc.

+ Thiét ké co thé khoa lai: Nt dirng khan cip thuong co thiét ké co thé khoa
lai (latching design). Sau khi dugc nhén, nut nay s& & trang thai khan cip
va chi c6 thé duoc tra vé trang thai binh thuong bang cach quay, kéo hoic
dao nut trd lai vi tri ban dau. Diéu nay giup ngin ngira viéc vo tinh dat lai
hodc mé& nit ding khan cép, dam bao rang hé thong khong khoi dong lai
ma khong c6 y dinh.

+ Tin hiéu va phan hoi: Khi nat ding khan cip duoc nhan, théng thuong né
s& tao ra mot tin hiéu dién hodc 1énh diéu khién dé thong bao réng hé
théng da dung lai. Diéu nay cé thé duoc thue hién bé‘mg cach gui tin hiéu
dén cac bo diéu khién, hién thi trang thai hodc hé thong.

d) Kétluin

Trong d6 an nay, nat dimg khan cip duoc st dung dé ngay lap tirc ding hoat

dong cua hé thdng trong trudng hop khan cip hoic nguy hiém.

3.2.7 Pin
a) Gidi thiéu

+ o+ + 4+ + +

(<]
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Hinh 3.11 Pin

Loai pin: Lithium (Li-ion). Hang chinh hang chuyén dung cho xe dién can
bang 2 banh, xe drift...
b) Théng sé Ky thuit
Loai pin: Lithium (Li-ion).
Dung lugng: 4400mAh
Dién thé pin: 36V
Dong x4 pin: 20A.
Cong suét khoi dong: 720W
Cong suét hoat dong lién tuc: 540W.
Chuan két ndi: XT60.
¢) Kétluan
Trong d6 an nay, Pin Lithium dugc st dung dé cAp ngudn cho mach Jetson
Nano ciing nhu nguén cho Hoverboard.

3.2.8 Man hinh HDMI LCD 7 inch
a) Gi6i thidu

+ o+ ++++ o+

Hinh 3.12 Man Hinh LCD 7 inch Cam ung HDMI

Man hinh 7 inch HDMI LCD 13 mét man hinh hién thi LCD nhé gon véi két
ndi HDMI. Puoc thiét ké cho su tién loi va do phan giai cao, né thuong dugc st
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dung trong cac ing dung nhu may tinh nhing, may tinh nhé gon, may choi game
di dong, camera, va cac dy an dién tir khac .
Man hinh 7 inch HDMI LCD 13 mét Iya chon phé bién trong cong dong dién tir
DIY va nguoi dung dam mé cong ngh¢, nho kich thude nho gon, do phan giai
cao, va tinh linh hoat trong két ndi va tuong tac.

b) Thong sb k¥ thuat

+ 4+ + + + A+ o+t

()
A d

_|_

Model: 7 inch HDMI LCD (C).

D0 phan giai: 1024 x 600 pixel

Loai cam tng: dién tro (két ndi qua cong microUSB)

Cong két ndi: HDMLI.

Tuong thich: Raspberry PI, P12, ...

Ho tro Banana Pi / Banana Pro, comes with Lubuntu, Raspbian images
Giao tiép hién thi: HDMI

Diéu khién cham: giao tiép USB

biéu chinh d6 sang den nén véi ché do tiét kiem cong suét

Kich thudc: 163.8 x 97 x 2.6 (mm)

Trong luong san pham: 175 (g)

Nguyén li hoat dong

Man hinh LCD: Man hinh st dung céng nghé LCD (Liquid Crystal
Display), trong d6 anh sang tir ngudn chiéu phia sau sé& di qua cac 1op cau
thanh man hinh dé tao ra hinh anh. Céu trac ctia man hinh LCD gdm nhiéu
16p, bao gdm hai tdm kinh polaroid véi mét 16p chat 1ong dién dan (liquid
crystal) nam giita chung.

Pén nén (Backlight): Pén nén cung cip ngudn sang cho man hinh LCD.
Trong truong hop man hinh 7 inch HDMI LCD (C), ¢6 thé sir dung dén
nén LED (Light Emitting Diode) hoic CCFL (Cold Cathode Fluorescent
Lamp).

HDMI (High-Definition Multimedia Interface): HDMI 1a mét giao di¢n da
phuong tién cao cap cho truyén tai 4m thanh va hinh anh sé chat luong
cao tr mot nguén tGi man hinh hodc thiét bi khac. Pau vao HDMI trén
man hinh 7 inch HDMI LCD (C) cho phép ban két nbi véi cac ngudn tin
hiéu HDMI nhu may tinh, may choi game, thiét bi da phuong tién va cac
nguén tuong tu.

Diéu khién va xir 1y tin hiéu: Man hinh 7 inch HDMI LCD (C) di kém véi
mot bo didu khién va xir Iy tin hidu dé nhan va hién thi tin hiéu dau vao tir
HDMI. Bo diéu khién nay c6 nhiém vy giai ma tin hiéu dau vao HDMI va
diéu chinh céc thong s6 nhu do phan giai, tan sO lam méi, do sang, tuong
phan va mau sic dé tao ra hinh anh trén man hinh.

Diéu chinh va hién thi hinh anh: Sau khi bd diéu khién xr Iy tin hiéu, man
hinh LCD s& hién thi hinh 4nh 1én man hinh. C4c tam kinh polaroid va 16p
chét long dién dan trong man hinh LCD s& thay dbi su hién thi cta anh
sang di qua dé tao ra cic mau sac va hinh anh.



d) Kétluan
Trong dd an nay, man hinh HDMI LCD 7 inch s€ dugc stir dung dé hién thi
giao di¢n nguoi dung cho nhan vién va khach hang.

3.2.9 Webcam Full HD 1080P

a)

Giéi thi¢u

Hinh 3.13 Webcam Full HD 1080P

b) Tinh niang

+
+

+ 4+ + +

+

()
N’

+ + + + + +

Cam bién hinh anh CMOS 2MP, nhan dang khuon mat nhanh.

Chét lwong hinh anh sic nét véi o phan giai full HD 1080p & toc do 30
khung hinh/giay.

Tich hop micro loc tap 4m, giam tiéng on hiéu qua.

Goc quay rong, nim bét duoc nhidu khong gian hon.

Cam va st dung khong can cai dit trinh diéu khién.

Tuong thich vdi cac phﬁn mém Zoom, Skype, Facebook, Youtube, Video
Call.

HO tro giao dién USB 2.0.

Théng s6 ky thuat

Téc d6 khung hinh : 30 khung hinh/giay

Do phan giai video : 720P - 1080P

D0 phan gidi hinh chyp  : 10MP

Téc d6 khung hinh quay  : 60FPS

Microphone : Co

Cong két ndi: USB 2.0

d) Két luan

Trong d6 4n ndy, webcam c6 tac dung ghi hinh 4nh thoi gian thuc cho cac

bai toan nhan di¢n d6 uong hay diéu khién robot qua cur chi.
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3.3 Béan vé mach dién
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CHUONG 4. LAP TRINH PIEU KHIEN HE THONG

4.1 Giéi thi¢u

Trong chuong nay s& gidi thiéu tong quan vé hé diéu hanh ROS va cac bai
toan dbi v6i robot ty hanh bao gdm: dinh vi va xay dung ban do, tim dudng di va
nhan dang vét thé dong thoi cling gidi thiéu vé ung dung tri tué nhan tao nhan
dién do udng, cir chi tay dé diéu khién robot. Tir do, ta s& dua ra cac két qua, van
dé gap phai, hudng giai quyét trong thyc nghiém.

4.2 Tong quan vé ROS

4.2.1 ROSlagi?

Robot operating system (ROS) 1a mot hé théng phdn mém c6 tinh linh hoat va
chuyén dung cao dung dé lap trinh va diéu khién robot. ROS bao gdom cac thu
vién, cong cu hd tro lap trinh, cong cu dd hoa, cac cong cu hd tro giao tiép diéu
khién tryc tiép voi phan cimg ciing nhu cac thu vién hd trg viée 1ay dit lidu tir cac
cam bién va cac thuit toan phd bién trong 1ap trinh diéu khién robot. ROS 1a géi
cong cu duogc cai dat trén Ubuntu.

ROS gitp ngudi dung co thé dé dang két ndi cac may tinh & trén robot
(Raspberry pi, Jetson Nano, cac loai may tinh nhiing, mini computer,..) vo1 laptop
dé diéu khién hodc thao tac tir xa.

ROS gitp don gian va tiét kiém thoi gian viéc 1ap trinh cac hanh vi phirc tap
ctia robot. ROS nhu 13 mot mang luéi diém (node) duoc két ndi boi nhiéu node
ma mdi node c6 nhiém vu riéng twong Gmg voi cac thanh phan ciu tao nén robot.
M&i node riéng c6 thé duoc tiy chinh phat trién va 14p trinh theo ¥ tudng cua
nguoi phat trién ma khong can quan tam dén viéc phai thong nhat sir dung cung
mot ngdn ngir l4p trinh, diéu d6 co nghia 1a node nay ban phat trién trén ngbn
ngir C-++ nhung node khéc ban c6 thé phat trién trén ngon ngir Python. Python va
C-++ 12 hai ngdn ngir nén tang ma ban can phai hoc trudc khi 1am quen véi ROS.

4.2.2 FILE-SYSTEM LEVEL cua ROS

Hinh 4.1 bén dudi m6 ta hoat dong ctia ROS gdm cac phan chinh 13 cac tép tin
duge bd tri tir trén xudng theo thir ty va hoat dong nhu sau: Metapackages,
Packages, Packages manifest, Misc, Messages, Services va Codes.

ROS Filesystem level

Meta packages

Packages

Package
manifest

Misc.

Messages| | Services Code

Hinh 4.1 FILESYSTEM LEVEL cua ROS
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Trong d6 gbi tong (Metapackages) 1a mot nhom céc goi (packages) c6 lién
quan t6i nhau. Vi du, trong ROS ¢6 mét goi tong tén 1a Navigation, goi ndy co
chura tit ca cac goi lién quan t6i viéc di chuyén robot, bao gom di chuyén than,
banh, cac thuat toan lién quan nhu Kalman filter, Particle filter, ... Khi cai dit
g6i tong, nghia 1a tat ca cac gbi con trong no ciing duoc cai dt.

Goi (Packages), khai niém géi rat quan trong, chiing ta c6 thé néi rang céc
g6i chinh 14 cac nguyén tr co ban nhat tao nén ROS. Trong mot gbi gdm co:
ROS node, datasets, configuration files, source files, tat ca duoc goi lai trong mot
“g61”. Tuy nhién, mic du c6 nhiéu thanh phan trong mot gbi, nhung dé lam viéc,
ching ta chi can quan tdm dén 2 thanh phan, d6 chinh 1a src folder, chira source
code cua chung ta, va file Cmake.txt, ddy 14 noi ta khai bao nhiing thu vién can
thiét dé thuc thi (compile) code.

4.2.3 Cac thanh phén cia ROS

Céc thanh phan chinh cia ROS 1a mang cta tit ca cc tac vu ROS trong mot

hé théng robot xtr I va trao doi dir lidu gitra cac tac vu do.

Parameter

Master
server

Messages

ROS computation
graph level

Services

Hinh 4.2 Céc thanh phan chinh ciia ROS

Nodes: 13 don vi co ban nham hd tro giao tiép v6i cac thanh phan cau thanh
nén robot. Vi du nhu mdt con robot thudong c6 cac node nhu Laser scanner,
Camera, Node giri van téc dén thiét bi diéu khién dong co. Cac nodes nay co thé
giao tiép va tuong tac v6i nhau qua Master.

Master: dong vai tro két ndi cac node v&i nhau. Do d6, master ludn dugc
khoi dong dau tién bang cau 1énh roscore sau dé thi ban co thé goi bat ky céac
node nao trong hé thong. Sau khi goi xong, cac node c6 thé két nbi va tuong tac
v61 nhau.

Parameter Server: La mot cdu trac nhiéu tham s c6 thé truy cip trong lic
chay ROS. Céc node st dung cu trac nay nham luu trit va truy xudt cac théng sb
trong thoi gian chay. Do n6 khong c6 hiéu suit cao nén thuong ding véi kiéu dir
liéu tinh, chéng han nhu céc thong s6 céu hinh, thoi gian hé théng.

Message: Day la céu trac dir liéu dugce cac node st dung dé trao doi véi nhau
tuong ty nhu cac kiéu dir liéu double, int trong cic ngdn ngit 14p trinh. Cac node
tuong tac voi nhau bang cach send va receive ROS message.



Topics: 12 phuong phép giao tiép trao doi dit liéu giita hai node, né bao gdm
nhiéu cdp bac thong tin ma ching co thé giao tiép théng qua ROS message. Hai
phuong thirc trong topic bao gdm Publish va Subscribe:

+ Publish la dang ki gtri thong tin

+ Subscribe la dang ky nhan thong tin

Services: La mot giao tiép trao doi dir liéu/ thong tin giira hai node thong qua
phuong thic request va response. Thuong dugc ap dung trong truong hop viée
thuc hién mot 1énh can nhiéu thoi gian xir 1y nén dit lidu tinh toan duoc luu &
server va s& dung khi can xir 1y.

Bags: 1a mot dinh dang tép trong ROS dung dé luu trir dit liéu message véi
phan mé rong 1a .bag c6 vai trd quan trong va c6 thé dugc xir 1y, phan tich boi
cac cong cu mo phdong trong ROS nhu Rviz.

4.2.4 Dir liéu tir RPLidar A1

RPLidar 12 cam bién LIDAR chi phi thap phii hop cho tng dung SLAM robot
trong nha. N6 cung cip truong quét 360 do, v6i khoang cach phat hién vat can tdi
da 13 12m. Pé quét can 360 mau mdi vong quay, cd thé dat dugc tan sb quét
10hz. Ngudi dung c6 thé tuy chinh tin sb quét tir 2hz dén 10hz tuy ¥ bang cach
diéu khién toc d6 cua dong co quét. Trinh diéu khién s& doc tin hiéu tir LIDAR
sau do xur Iy va publish dit liéu nhan duogc Ién topic sensor msgs / LaserScan.

Hinh 4.3 Métphc?n dir liéu nhan dwoc tir Lidar
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Dit liéu tra vé dudi dang khoang cach va duoc hién thi qua topic /scan nhu
hinh dudi day. Cac chidm do chinh 13 vi tri cac vat can ma lidar quét duoc, néu
khong gap vat can, khoang cach s¢€ 1a inf.

4.2.5 Hector SLAM

Hector 1a viét tit ctia cum tir "Heterogenerating Team of Robots", tén ctia mot
nhém nghién ctu nguoi may tai TU Darmstadt. Hector SLAM st dung nut
hector mapping dé thiét 1ap ban do ctia moi truong va dong thoi ude tinh tur thé
vi tri 2D cua nén tang may quét laser. Khong gidng nhu Gmapping, Hector
SLAM khong dra trén bo loc Rao Blackwellized Particle dé lap ban do.

Thuat toan cd gang tim sy lién két tdi wu cla cac diém cubdi ciia qua trinh quét

laser v&i ban d6 dd duoc xay dung bang cach tim phép bién d6i phan cing E*:

£ = argfninZ[l —M(S;(E)F

s i=1
Trong d6: Ham M(S i({)) 1a gi4 tri ban do tai S i(E) la toa do trong khong gian
that ciia diém cudi ciia qua trinh quét laser. Vi wdc lugng trude 1a & bién doi
budc AE duoc ude luong bang cach tdi uu hoa sai s sao cho:

> =M(S(E+AE)P =0

i=1



Hinh 4.5 cung cp tong quan vé ngan xép thuat toan Hector. Dit lidu duoc xir
Iy trude tir LIDAR duogc chuyén tiép dén mot thuat toan d6i sanh qué

Stahilization

[IDAR = === === e e e ceeiaeemeanas ]
% Joint Values
Y Y

Preprocessing [ Scan Matching [ Mapping

2D Pose Estimate Attitude and Initial Pose

Navigation subsystem [3[&]

! Navigation FI'L{:'J;J—) Controller

-

[]
]
]
;
[]
i
]
]
SLAM subsystem (2D) :
:
i
]
]
]

-
J s

IMu GP5 Compass Altimeter

4.2.6 Thiét 1ap ban do

Ban do thiét 1ap tir thuat toan SLAM Hector s& c6 2 phan gdm mét file
<map name>pgm 13 mot file cha hinh anh ban dd6 va mot file
<map name>.yaml chira cac thong s6 vé ban dd dung cho mé phong.

]
[

9
@,

Hinh 4.6 Hinh danh bdan do xdy dung tir thudt todn Hector

File <map_server>.yaml chua thong tin dinh dang ban d6 s& c6 dang nhu sau:

47



+ 1image: /home/hoang247/restaurant.pgm

+ resolution: 0.1

+ origin: [0.0, 0.0, 0.0]

+ occupied thresh: 0.65

+ free_thresh: 0.196

+ negate: 0

Trong do:

+ image: Pudng dan dén file chira anh ban do.

+ resolution: P9 phan giai ctia ban d6, meters / pixel.

+ origin: Toa d6 2D cta pixel phia dudi bén trai cua ban dd (x, y, yaw).

+ occupied_thresh: Cac diém anh véi ti 1é chiém chd 16n hon ngudng nay
duoc coi la co vat can.

+ free_thresh: Cac diém anh véi ti 1& chiém chd 16n hon ngudng nay dugc
coi 1 tréng.

+ negate: Thong s6 xac dinh c6 dao nguoc mau trang v6i den khong (thong

thuong negate 1a 0)

4.3 Bai toan hoach dinh dudng di

4.3.1 Tong quan

Navigation: Tim ra | duong di (néu ton tai con dudng d6) dé robot di dén dich
cho trudc mot con robot da dugc dinh vi trong mot moi truong biét trudc.

NAVIGATION STACK SETUP

move_base_simple/goal
geometryﬁmsgslPoseStamped

move_base "/map”

amgl /J\ /_{_\ av_msgs/GetMap LSS
global_costmap

ti/tfiMessage
sensor transforms )
internal /’_—_\-\

sensor topics
sensor_msgs/Laserscan Sensor sources
sensor_msgs/PointCloud

av_msgs/Path recovery_behavior

odometry source

m@\anner
nav_msgs/Odometry

] Provided node
[] Optional provided node
[] Platform specific node

"cmd_vel"[geometry_msgs/Twist

base controller

Hinh 4.7 So dé khéi Navigation Stack

amcl: 1a mot hé théng ban dd hoa xac suat cho mot robot di chuyén ¢ ché do

2D, str dung bd loc hat (Particle filter) dua trén dit li¢u tir cdc cam bién laser nhu

lidar dé dua ra vi tri udc lugng cua robot.



sensor transforms: Sau khi nhan dit liéu tir cac cam bién nhu siéu am,
encoder, ... thong qua phép bién doi cac hé toa dd TF gitp dinh vi chinh xac hon
vi tri clia robot trong méi truong. Trong dé tai ndy st dung duy nhét 1 cam bién
dé dinh vi 1a Lidar.
odometry source: thong tin vé toc dd cua robot (doc tir encoder) hoic IMU dé
udc tinh vi tri cia robot so voi vi tri trude do.
move_base_simple/goal: Xac dinh diém (vi tri) cudi robot can thyc hién di
chuyén t6i.
map_server: chira dit liéu vé ban d6 di dugc lap san trong phan mapping cho
robot.
sensor source: 1y di liéu cac cam bién tir cac node.
global costmap: hé thong ban dd xay dung tir lidar va duoc thém 1 sb thanh
phan ty 1¢ dé diéu chinh hé thong map.
local costmap: hé thong ban do hién tai khi robot dang & trong méi trudng va
so sanh v&i hé thong global costmap
global planner: ké hoach di chuyén xay dung tir global costmap

local planner: ké hoach di chuyén xdy dung tir local costmap.

4.3.2 Thuat toan Dynamic Window Approach (DWA)

Thuat toan Dynamic Window Approach (DWA) 1a dung dé tim ra mét tin
hiéu diéu khién hop 1y giri xudng robot nham muc dich diéu khién né dén dich an
toan, nhanh chong dua trén global planner da hoach dinh tir trude. Thuat toan nay
gdm hai budc chinh 1 cit giam khong gian tim kiém (serarch space) cta vén tdc
va tim dugc véan toc toi vu trong khong gian tim kiém do.

Y tudng co ban ciia thuat toan Dynamic Window Approach (DWA) nhu sau:

+ LAy mau roi rac van tdc trong khong gian diéu khién ctia robot V (v, w)

+ Dbi voi mbi van toe V duge 1y mau, hiy thue hién moé phong chuyén tiép
tu trang thai hién tai cua robot dé du doan diéu gi s€ xay ra néu van tdc
duoc lay mau duoc 4p dung trong mot khoang thoi gian ngin At nao do.

+ Danh gia va tinh trong sb ting quy dao do mé phong chuyén tiép, sir dung
s6 liéu két hop cac dic diém nhu: gan chudng ngai vat, gdn muyc tiéu, gin
duong do global planner dua ra va toc do. Loai bo cac quy dao 13i (nhiing
quy dao va cham v61 chudng ngai vat).

+ Chon quy dao véi trong sb cao nhat va giri van tdc nay dén dén robot.

+ Xoa cdac trong sb va 1ap lai.

Khong gian tim Kiém:
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Céc van toc co thé diéu khién duoc trong khong gian tim kiém dugc cat giam
theo ba budc sau:

+ Quy dao tron: thuat toan DWA chi xét dén quy dao 1 hinh tron (duong
cong) dugc xac dinh duy nhit béi mot cip van tde dai va van tde gbc (v,
).

+ Van toc cho phép: nhim tao ra mot quy dao an toan cho robot dé tranh
vat can. Mot cdp van tde (v, w) dugc cho phép la khi robot co thé dung
trudc vat can gan nhat ma khong c6 sy va cham trén dudng cong twong
g véi van tde d6. Van te cho phép duoc dinh nghia nhu sau:

Va={(v, w)lv< \/2. dist(v, ). vb A w S\/Z. dist(v, w). wb }
Trong do:

+ Va: 1a chudi cac gia tri van téc (v,w) cho phép robot dimng trude vat can ma
khong c6 su va cham.

+ dist(v, w) : 1a khoang cach nho nhat ma robot dimg trude vét can dé khong c6
su va cham.

+ vb, wb : 13 gia toc cua van tde thang va van toc xoay tdi da néu robot di chuyén
s€ gdy va cham véi vat can.

V\ }

. \ 90 cm/sec

left wall corridon| | right wall I

door

right wall 1

-
-90 deg/sec 90 deg/sec

Hinh 4.8 Vin toc cho phép Va trong DWA

Dynamic window: nham han ché van toc cho phép dbi véi nhitng vén toc co
thé dat duoc trong khoang chu ky cho trude véi gia toc tdi da ciia robot. D& At 13
khoang thoi gian ma trong do gia tde v, w s& duoc thuc thi dé (va,wa) la van tde
thuc dugc gtri xuéng robot. Tir d6, van tdc Vd s& duge dinh nghia nhu sau
Vd={(v,w)|v €[va—v.At,va+ V. At] A w € [wa — w. At, wa + w. At]}

Vs N\ A 90 cm/sec

dynamic window V,_|

—d L
PR/ S

dactdal velocity
Va B

5 =
00 Ao feme ON deolcor



Két thiic ba budc trén thi ta tim duoc khong gian tim kiém

Vr=VsNVaNvd

Téi wu
Ta c6 ham muc ti€éu dugc dinh nghia nhu sau :
G(v, w) = a. heading(v, w) + B. dist(v, w) +y. vel(v, )
Pé co thé t6i wu hoa van téc ngd ra thi ham muc tiéu phai cé gia tri toi da. Dé
thuc hién duoc dicu nay, ta thuc hién cac budc sau:

Target heading: heading 13 gia tri do tién 46 hudng dén dich cua robot. Gia tri
s& mang gia tri t6i da khi robot di chuyén truc tiép vé phia dich. Gi4 tri cta
heading(v,w) dugc tinh bdi cong thire 180—0, voi 6 1a goc gitta hudng cua robot
va diém dich.

target

actual position

Khéng gian trong (clearance): ham dist(v, w) thé hién khoang cach tinh tir
robot dén vat can gan nhat nam trén quy dao cong ctia né. Gia tri ndy sé& rat 1on
néu khong c6 vat can nam trén quy dao cong di chuyén ctia né. Gia tri ndy cang
nho thi viéc no ddi mat voi vat can cang cao, khi do no sé di chuyén xung quanh
vat can ay.

Van toc: ham vel(v, w) 1a van tdc di chuyén thiang cta robot va hd tro di
chuyén nhanh hon. Céc hé sé a, B, ¥ duoc chon sao cho phu hop véi dic tinh cua
robot va méi truong hoat dong. Khi ham muc tiéu c6 gia tri 16n nhét thi quy dao
t8i wu s& duoge chon véi van tde (v, w) tdt nhat va 1a két qua cua thuat toan.

4.3.3 Tong quan vé thuit toan tim dwong di ngin nhat

Trong diéu hudng cho robot dé robot dén duoc vi tri mong muén, ta phai dua
ra mot hoach dinh duong di tir diém bat du (vi tri hién tai cta robot) dén diém
két thuc (vi tri dich mong muén). Nham t6i wu héa cho dudng di, ta can phai lya
chon duong di ngan nhét giita hai diém 4y. V&i yéu cu ndy, thuat toan Dijkstra
1a mot trong nhitng thuét toan don gian dé tim dwoc duong di toi wu nhat. Bai
toan dat ra cho thuat toan Dijkstra 1a c6 mot do thi G = (V,E) (voi V 1a tap hop
cac dinh va E 1a cac canh v6 huéng hodc c6 hudng), mdi canh s& co trong sb ludn
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duong va mot dinh nguon s. Chiing ta can tinh toan dugc duong di ngan nhat tir
dinh nguon s dén mdi dinh trén do thi.

Ta c6 mot dd thi gém 6 nut, 9 canh, céc trong s6 trén moi canh va co diém
ngudn a, diém dich b. Vay chung ta can tim dudng di ngin nhit tir a dén b. Dé
thuc hién dugc thudt todn nay, ta s€ cd phuong phép giai nhu sau:

+ Trudce khi bat dau, ta can gan mdi nat mot gia tri khoi tao: béng 0 d6i véi

nut bat dau va bang vo cung cho tat ca cac nut con lai.

+ Pua tat ca cac nit vao trong mot tap dir liu Q dé ta tinh khoang cach tur
diém khoi tao dén diem do.

+ DA v6i diém nit hién tai, 1an luot xét cac diém nut xung quanh chua timg
xét trude d6 va tinh khoang cach du kién ciia no tir trong sd cuia nat hién
tai. Néu gia tri du kién nho hon gia tri hién tai cia ntt do thi gan lai gia tri
clia nit d6 bang gia tri du kién.

+ Dobi véi mbi nut da xét, ta loai bo niit nay khoi tap Q dé khong can phai
xét lai.

+ Chang ta lan luot kiém tra cac nit trong tap Q. Néu nat dich da duoc kiém
tra thi dimg lai va két thiic thuat toan.

Tu phuong phap giai trén, chiing ta s€ thanh 1ap doan ma gia (pseudo code)

sau dé co thé tim dugc dudng di ngan nhat.

h

14

Qua thuat toan trén, ta co thé dé dang tim duogc duong di ngén nhat tir diém bét
dau dén diém dich.Chung ta s& liy thém 1 vi du vé thuat toan nay. Gia sir xuat
phat tir ntit A.

.G 3 ’
- 3 .
4
2 4 : 2
‘ 5
3
6



Xuat phat tir A va ¢6 2 con duong:
+ Tu Ato6iBvéidodailas
+ TuAtoiCvéidodaila3l

Do quing duong tir A t6i C ngan hon tir A t6i B nén ta chon con duong tir A
to1 C

Khi ¢ C, ta ¢6 3 duong di khac nhau: Tu C ->B, C->D, C->E, ghi vao danh
sach 2 dinh méi va chon con dudng ngan nhat 1a tir C dén B
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Khi t6i day khong c6 dudng di méi nao tir D dén E, quay lai dinh trudc d6 dé
kiém tra duong di ngan nhat Bay gio c6 1 dudng v6i do dai 4 ¢én E va 1 duong
di dén C, & day ta chon bat ki duong nao chung ta thich.Cudi cling ta thay bat ki
phuong an nao di trén dudng tir A d&én E déu c6 trong sd nhu nhau vi cac dudng
di ngan nhat dugc ghi trong danh sach

Tir d6 ta c6 két qua cac duong di ngan nhat:
Tu A dén B: A->B, tr A dén C: A->C, tir A dén D: A->C->D, tr A dén E:
A>C->B >E

4.3.4 Két qua thwe nghiém

Cho Robot chay tu dong tur diém A dén diém B xong dén diém C,voi sai s6 dat

truoc la:

+ Sai s6 khoang cach: 0.2 m
+  Sai s6 goc (huéng): 0.2 rad

Bdng 4.1 Két qua sai s6 trén thuc nghiém

Sai s6 Diém A Piém B Piém C
Lan thir Khoang Goc Khoang Goc Khoang Goc
cac cac C
h h a
c
h
1 0.1947 0.0541 0.1841 0.0239 0.1534 0.011
2 0.1874 0.0342 0.1674 0.0005 0.175 0.0001
3 0.1636 0.1475 0.1225 0.0207 0.124 0.0389
4 0.1705 0.0171 0.116 0.1794 0.1234 0.1734
5 0.1584 0.0758 0.1186 0.0091 0.086 0.0088
6 0.1317 0.1035 0.1533 0.0127 0.143 0.0145
7 0.153 0.0065 0.1301 0.0485 0.112 0.0444
8 0.156 0.1408 0.1401 0.0196 0.145 0.0134
9 0.178 0.0499 0.0984 0.0622 0.0911 0.0655
10 0.1856 0.008 0.1512 0.0006 0.1345 0.0011




Nhan xét: Sai sb thyc té chay ngau nhién trong khoang 0 dén 0.2 nam trong
khoang sai s6 cho phép khi dat trude, sai sé do nhidu tir Lidar, sai s6 tir sensor vi

tri dong co.

4.4 Bai toan nhan dang d6 udng sir dung YOLO

4.4.1 Toéng quan vé mang YOLO

a) Khai niém
YOLO (You Only Look Once) 1a mot m6 hinh mang CNN cho vi¢c phat hién,
nhan dang, phan loai dbi tuong. YOLO dugc tao ra tir viéce két hop gitta cac
convolutional layers va connected layers. Trong cac convolutional layers s€ trich
xuét ra cac feature ctia anh con full-connected layers s& du doan ra xac suit d6 va
toa do cua dbi tuong.

YOLO c6 ung dung da dang nhu: Pém sb lugng vat thé, chdm cong ty dong,
phat hién vat thé nguy hiém,...

n2

3

Conv. Layer
7x7xb4-52
Maxpool Layer

2x2-52
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3
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Wy 7 7
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7 7

gl

192

Conv. Layer

Ix3x192 1x1x128
Maxpool Layer 3x3Ix256
2x2-52 1x1x256
Ix3x512

256

Conv. Layers

Maxpool Layer

2x2-52

512

1024 1024

Conv. Layers Conv. Layers Conv. Layers

1x1x256 ) 4 1x1x512 5 3x3x1024
3x3x512 3x3x1024 3Ix3x1024
1x1x512 3x3x1024

Ix3x1024 Ix3Ix1024-5-2

Maxpool Layer

2x252

1024 4096

3

Conn. Layer  Conn. Layer
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b) Nguyén li hoat dong cia YOLO

=1 I HULY
=

= - '
1 M= L R

S x S grid on input Final detections

o

Class probability map
Pau vao cua moé hinh 1a mot anh, moé hinh s€ nhan dang anh d6 c6 doi tuong nao

hay khong, sau d6 s€ xac dinh toa do cua doi tuong trong buc anh. Anh dau vao
duogc chia thanh thanh SxSStimes SSxS 6 thuong thi s€ 1a 3%33times33%3,
TxT77times77%7, 9%x99times99x9... viéc chia 6 nay c6 anh hudng téi viéc mo
hinh phat hién ddi twong, minh xin trinh bay & phan sau.

- Véi Input 1a 1 anh, dau ra m6 hinh 13 mot ma tran 3 chiéu c6 kich thuéc
SxSx(5xN+M)Stimes Stimes(5times N+ M)SxSx(5xN+M) véi sd luong tham s6
mbi 6 13 (5xN+M)(5times N + M)(5xN+M) v6i N va M lan luot 1a sé luong Box
vé Class ma mdi 6 can du doan.

Vi du voi hinh anh trén chia thanh 7x77times77x7 6, mdi 6 can du doéan 2
bounding box va 3 object : con cho, 6 t6, xe dap thi output la
7x7x137times7times137x7x13, mdi 6 s& c6 13 tham sd, két qua tra vé
(7TxT7%x2=98)(7times7times2 = 98)(7x7%2=98) bounding box. Ching ta sé cung
gidi thich con s6 (5XN+M)(5times N + M)(5XN+M):

- Dy doan mdi bounding box gdm 5 thanh phan : (x, y, w, h, prediction) voi
(x, y) 1a toa d6 tdm cua bounding box, (w, k) lan luot 1a chiéu rong va chiéu
cao cua bounding box, prediction dugc dinh nghia.
Pr(Object)*IOU(pred,truth)Pr(Object)*IOU(pred,truth)Pr(Object)*IOU(pred, trut
h) dugc trinh bay sau. Vi hinh anh trén nhu ta tinh mdi 6 s& ¢ 13 tham s6, ta co
thé hiéu don gian nhu sau tham s6 thir 1 s& chi ra 6 d6 c6 chira ddi tuong nao hay
khong P(Object), tham sb (2, 3, 4, 5) s& tra vé (x, y,w, h) ciia Box1. Tham s6
(6,7, 8, 9, 10) turong ty s& Box2, tham s6 (11, 12, 13) 1an luot 14 xac suét 6 d6 co
chira object](P(cho|object), object2(P(6 to|object)), object3(P( xe dapl|object)).
Luu ¥ rdng tdm cua bounding box ndm & 6 nao thi 6 d6 s& chira dbi twong, cho du
dbi twong c6 thé & cac 6 khac thi ciing sé tra vé 13 0. Vi vay viéc ma 1 6 chta 2
hay nhiéu tdm cua bouding box hay ddi tuong thi s& khong thé detect duoc, d6 1a
mdt han ché cia mo6 hinh YOLOI, vay ta can phai ting sb lugng 6 chia trong 1



anh 1én d6 1a 1i do vi sao minh néi viéc chia 6 c6 thé 1am anh hudng téi viéec mo
hinh phat hién dbi tuong.

¢) Ham tinh IOU

Trén ta c6 dé cap prediction dugc dinh nghia
Pr(Object)*  10U(pred,truth)Pr(Object) *  IOU(pred, truth)Pr(Object)*
IOU(pred,truth), ta s€ lam r6 hon IOU(pred, truth) 1a gi. [OU (INTERSECTION
OVER UNION) la ham déanh gi4 d6 chinh x4c cua object detector trén tap dir li¢u
cu thé. IOU dugc tinh bé“mg:

Trong d6 Area of Overlap 1 dién tich phan giao nhau gitra predicted bounding
box voi grouth-truth bouding box, con Area of Union 13 dién tich phan hop giita
predicted bounding box vdi grouth-truth bounding box. Nhitng bounding box
duoc danh nhin bang tay trong tip traing set va test set. Néu JOU > 0.5 thi
prediction dugc danh gia 1a tét.

Area of Overlap J

Area of Union

loU =

d) Loss Function
Ham 16i trong YOLO dugc tinh trén viéc du doan va nhan mo hinh dé tinh. Cu
thé hon n6 1a tong d6 16i ctia 3 thanh phan con sau :
+ D9 16i cua viéc du doan loai nhan cua object — Classifycation loss
+ Do 16i cua du doan toa do tam, chibu dai, rong cua boundary box (x, y ,w,
h) — Localization loss
+ Do 16i cua viée du doan bounding box d6 chtra object so voi nhin thuc té
tai 0 vuong d6 — Confidence loss
e) Classifycation loss
Classifycation loss — do 16i ctia viéc du doan loai nhan cué object, ham 15i nay
chi tinh trén nhitng 6 vudng c6 xuit hién object, con nhitng 6 vudéng khac ta
khong quan tdm. Classifycation loss dugc tinh bang cong thirc sau:
2

=iS§01fb" ) (pi(c)—zi.(c))z

classification
c€eclass

Trong do:

bj : X . Y
+ l? 7, Bang 1 néu 6 vudng dang xét cd object, nguogc lai bang 0
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A
+ pi(c): la xac suat co6 di€u cua 16p ¢ tai 6 vudng twong img ma mo hinh dy

doéan

f) Localization loss

Localization loss 14 ham 13i dung dé tinh gia tri 16i cho boundary box dugc du
doan bao gém toa do tdm, chiéu rong, chiéu cao cta so vai vi tri thuc té tur dix
liéu huén luyén ctia mo hinh. Luu ¥ ring chung ta khong nén tinh gia tri ham 151
nay truc tiép tir kich thtrc anh thuc té ma can phai chuan hoa vé [0, 1] so véi tAm
ctia bounding box. Viéc chuin hoa nay kich thudc nay gitp cho mé hinh dy doan
nhanh hon va chinh xac hon so véi dé gia tri mac dinh cda anh.

Vi du:

(0. 0)

X = (220-149) /149 = 0.48
y = (190-149) / 149 = 0.28
w =224 /448 = 0.50
h =143 /448 = 0.32

335, 283)

149

149

(447, 447)

Hinh 4.15 Vi du vé Localization loss

Gia tr1 ham Localization loss dugc tinh trén téng gia tri 16i du doan toa do tim
(x, y) va (w, h) cia predicted bounding box vai grouth-truth bounding box. Tai
mdi 6 co chua object, ta chon 1 boundary box c¢6 IOU (Intersect over union) tot
nhét, rdi sau d6 tinh d¢ 15i theo cac boundary box nay.

Gia tri ham 16i du doan toa do tdm (x, y) cua predicted bounding box va (%, §)

la toa @6 tdm cua truth bounding box dugc tinh nhu sau :
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5 obj A2 A2
Aoora 2 & lij (xi B xi) + (yi B yi)
i=0j=0

Gia tri ham 16i du doan (w, h) cta predicted bounding box so véi truth
bounding box dugc tinh nhu sau:



mrdszgl"b’(f—\f) (f‘\f)

Véi vi du trén thi S =7, B =2, con Acoord 14 trong s6 thanh phan trong paper
gbc tac gia ldy gia tri 1a 5

g) Confidence loss

Confidence loss 1a do 16i gitta du doan boundary box dé chira object so véi
nhan thuc té tai 6 vuong d6. Do 16i nay tinh trén ca nhitng 6 vudng chira object
va khong chira object.

2 . 2 2 . 2
_ 2 2 z"”’(ci - Ci) +2 ) z IObJ(Ci _ ci)

confidence noob]ect

Véi vi du trén thi S =7,B = 2,con ?\noo bject la trong s6 thanh phan trong
paper gbc tac gia 13y gia tri 1a 0.5. D6i v6i cac hop j cua 6 thtr i néu xuat hiéu
object thi C L= 1 va nguoc lai.

h) Total loss

Téng lai ching ta c6 ham 15i 1a tong ctia 3 ham 13i trén:

total Lclassification t Llocalization t Lconfidence
i) Du bao bounding box
Pé du bao bounding box cho mét vat thé chung ta dua trén mot phép bién doi
ttr anchor box va cell.

YOLO dy doan bounding box sao cho n6 sé khong 1éch khdi vi tri trung tam
qué nhi€u. Néu bounding box du doan c6 thé dat vao béft ky phan nao cua hinl}
anh, nhu trong mang regional proposal network, viéc huan luyén mo hinh c6 thé
trd nén khong 6n dinh.

Cho mdt anchor box c¢6 kich thudce (pw, ph) tai cell ndm trén feature map véi
gbc trén cung bén trai cia no la (cx, cy), mé hinh du doan 4 tham s

(tx, ty, t th) trong d6 2 tham s6 dau 1a do 1éch (offset) so véi goc trén cung
bén trai cta cell va 2 tham sb sau 1a ty 1é so véi anchor box. Va cac tham sé nay

s€ giup xac dinh bounding box du doan b c6 tam (bx, by) va kich thuédce (bw, b h)

thong qua ham sigmoid va ham exponential nhu cac cong thirc bén dudi:

Ngoai ra do céc toa do da dugc hi¢u chinh theo width va height ctia birc anh
nén luén cé gia tri nam trong ngudng [0, 1]. Do d6 khi 4p dung ham sigmoid
giup ta gio1 han duogc toa do khong vuot qua xa cac ngudng nay.

59



P
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Hinh 4.16 Cong thirc woc luong bounding box tir anchor box

Hinh chit nhat nét dat bén ngoai la anchor box co6 kich thudc la (pw, ph). Toa

dd ctia mdt bounding box s€ dugc xac dinh dya trén déng thoi ca anchor box va
cell ma no thude vé. Pidu nay giup kiém soat vi tri ciia bounding box du doan
dau do6 quanh vi tri cua cell va bounding box ma khong vugt qua xa ra bén ngoai
gidi han nay. Do d6 qua trinh huan luyén s& 6n dinh hon rat nhidu so véi YOLO
version 1.

j) Non-max suppression

Do thuat toan YOLO du béo ra rit nhiéu bounding box trén mot birc anh nén
dbi voi nhitng cell ¢6 vi tri gin nhau, kha ning cic khung hinh bi overlap 13 rat
cao. Trong truong hop d6 YOLO sé& can dén non-max suppression dé giam bat s6
luong cac khung hinh dugc sinh ra mot cach dang ke.

Before non-max suppression After non-max suppression

Non-Max
Suppression

Hinh 4.17 Non-max suppression

Céc budc cua non-max suppression:
+ Budc 1: Pau tién chung ta s& tim cach giam bét sé luong cac bounding
box bang cach loc bo toan bd nhitng bounding box c6 xac suét chira vat
thé nho hon mot ngudng threshold nao do, thuong 14 0.5.



+ Budc 2: Bdi véi cac bouding box giao nhau, non-max suppression sé lua
chon ra mot bounding box c6 x4c xuat chira vat thé 13 16n nhat. Sau d6
tinh toan chi s6 giao thoa IoU véi cac bounding box con lai.

Néu chi s6 nay 16n hon ngudng threshold thi diéu d6 ching to 2 bounding
boxes dang overlap nhau rat cao. Ta s& x6a cac bounding c6 c6 xac xuat thip hon
va gitr lai bouding box c6 x4c xudt cao nhat. Cudi cung, ta thu dwoc mot
bounding box duy nhat cho mot vat thé.

4.4.2 Két qua

Pé nhan dién dugc cac loai d6 ubng trong mang YOLO ta thuc hién cac budc
train nhu sau:

+ Thu thap dir liéu:
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Hinh 4.18 Tap dir liéu vé hinh anh dé thuc hién qua trinh train

g
o

Dé thyc hién qua trinh gan nhan va huén luyén ta can chuan bi tap dit liéu
khoang 200 anh vé 4 loai vat (Coca, Fanta, Mirinda, Spite), véi mdi hinh s& c6 1
file gan nhan di kém. Dudi day 1a mot so hinh anh vé tap dir liu.
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Hinh 4.19 Qua trinh gan nhan cho tap dir liéu trén labellmg

Str dung cong cu labeling va gan nhan cho nhitng file d6 nhim da dang hoa tap
dir liéu dé giup cho qua trinh huan luyén duoc chinh xac hon.

classes. cocal coca2 coca3 cocad cocas cocab cocal cocag cocad cocal0 cocall
cocal2 cocal3 cocald cocals cocal6 cocal? cocal8. cocal9 coca20 coca2l cocaz2 coca23
coca2d coca2s coca26 coca2? coca28 coca29 coca30 coca3l cocaz2 coca33 coca3d coca3s
coca36 coca3? coca3s coca39 cocad0 cocadl cocad2 cocad3 cocadd cocads cocad6 cocad?
cocads cocad9 cocas0 cocasl cocas2 cocas3 cocas4 cocass cocas6 cocas? cocas8. cocas9
cocab0 cocabl cocab2 cocab3 cocabd cocabs cocab6 cocab? cocab8 coca9 coca70 cocall

Hinh STYLEREF 1 \s 4. SEQ hinh \* ARAEBIC \s 1 20 Label cuia cac
gnk saw kKhi gan nhan

+ Qua trinh train:
Str dung nén tang co san trén Google Colab két hop voi models YOLOVS dé
tién hanh qua trinh hun luyén.

[ ] !pip install ultralytics

© !vget https://github.com/ultralytics/assets/releases/download/v0.0.0/yolov8x.pt

Hinh 4.21 Setup thw vién va tai goi pretrain weights

Sau do ta giai nén file dataset tai 1én Google Colab



from google.colab im
drive.mount ('

Drive already mounted at /content/drive; to attempt to forcibly remount, call drive.mount("/content/drive", force remount=True).

lunzip /content/coco.zi

Hinh 4.22 Giai nén file dataset

Sau d6 tao file yaml dé khai bao

rm /content/cocol28.yaml
>> /content/cocol28.yaml

Hinh 4.23 Tao file yaml

Sau khi tao file yaml xong thi train model

etect mode=train model=yolov8x.pt data=/content/cocol28.yaml epochs=200 imgsz=640

Epoch GPU_mem  box_loss cls_loss Instances
181/200 14.16 0.4201 0.2173 34 100% 17/17 [00:20<00:00, 1.23s/it]
Images Instances R mAP50-95): 100% 9/9 [00:06<00:00, 1.29it/s]

all 267 267 1 0.951

r*NveoB R PR

Epoch  GPU_mem box loss cls_loss Instances
182/200 14.16 0.401 0.2134 31 100% 17/17 [00:20<00:00, 1.22s/it]
Class Images Instances R mAP50-95): 100% 9/9 [00:06<00:00, 1.29it/s]
all 267 267 1 0.95

Epoch GPU_mem box_loss cls_loss Instances
183/200 14.26 0.3944 0.2084 28 : 100% 17/17 [00:21<00:00, 1.24s/it]
Class Images Instances R mAP50-95): 100% 9/9 [00:06<00:00, 1.30it/s]
all 267 267 1 0.955

Epoch  GPU_mem box_loss cls_loss Instances
184/200 14.26 0.3968 0.2166 29 1008 17/17 [00:20<00:00, 1.22s/it]
Class Images Instances R mAP50-95): 100% 9/9 [00:06<00:00, 1.31it/s]
all 267 267 1 0.952

Epoch  GPU_mem box_loss cls_loss Instances
185/200 14.16 0.4067 0.2069 39 1008 17/17 [00:21<00:00, 1.25s/it]
Class Images Instances R mAP50-95): 100% 9/9 [00:06<00:00, 1.29it/s]
all 267 267 1 0.954

Epoch GPU_mem box_loss cls_loss Instances
186/200 14.16 0.4151 0.2046 30 100% 17/17 [00:20<00:00, 1.22s/it]
Class Images Instances R mAP50-95): 100% 9/9 [00:06<00:00, 1.34it/s]
all 267 267 1 0.956

Epoch GPU_mem box_loss cls_loss Instances
187/200 14.26 0.3904 0.2079 38 1008 17/17 [00:21<00:00, 1.24s/it]
Class Images Instances R mAP50-95): 100% 9/9 [00:06<00:00, 1.34it/s]
all 267 267 1 0.955

Epoch GPU_mem box_loss cls_loss Instances
188/200 14.2G 0.4048 0.2116 27 100% 17/17 [00:21<00:00, 1.25s/it]

Hinh 4.24 Qud trinh hudn luyén

Két qua cua qua trinh hudn luyén YOLO:
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Hinh 4.25 Két qud ciia YOLO trong viéc phdt hién doi twong trong real-time

4.5 Ung dung tri tu¢ nhan tao diéu khién robot bang cir chi tay

4.5.1 Cong nghé nhan dién cir chi tay trong robot

Mot hé thong c6 thé hiéu cir chi tay ctia con ngudi ¢ vo van tmg dung thyc té.
Vi du nhu trong ché tao ro-bbt, né c6 thé giup chuyén d6i nhan dang cir chi thanh
tin hiéu diéu khién khién ro-bot.

Diéu khién ré-bot: Hé thong nhan dang ctr chi tay c6 thé chuyén doi cac cir
chi tay cua con nguoi thanh tin hiéu diéu khién dé ro-bot thuc hién cac hanh
dong twong tng. Vi du, néu ngudi st dung mudn ro-bét di chuyén sang phai, ho
c6 thé thuc hién ctr chi tay phu hop va ro-bot s& nhan ra cir chi d6 va di chuyén
theo hudng tuong Ung.

Twong tic ngudi-may: Hé thdng cir chi tay cling c6 thé duoc st dung trong
cac giao di¢n nguoi-may dé thuc hién céc tac vu cu thé. Thay vi st dung ban
phim hodc chudt, ngudi dung co thé diéu khién may tinh hay céc thiét bi khac
bang cach thuc hién cir chi tay phu hop.



Thiét ké giao dién nguoi dung dé sir dung: Hé thong ctr chi tay c6 thé giup
thiét ké cac giao dién nguoi dung dé st dung hon va tién loi hon. Thay vi phai
tim kiém cac nat hodc menu, nguoi dung cod thé thuc hién cir chi tay dé thuc hién
cac tac vu mot cach nhanh chong va hiéu qua hon.

4.5.2 Mediapipie hand recoginige

a) Gioi thi¢u

Mediapipe hand 1a goi may hoc (ML) ma ngudn md cua Google c6 thé giup
nhan dang va theo ddi (track) ban tay ngudi bang hinh anh. V& co ban,
Mediapipe hand két hop hai mé hinh (model) hoc may: mot mé hinh palm
detection (nhan dién ban tay) dé tim vi tri cia ban tay va mot mé hinh mdc
(landmark) ban tay dé dinh vi chinh xac 21 toa d6 khdp ngén tay tir vi tri im
duoc & palm detection). N6 duoc train v6i khoang 30 nghin dir liéu thuc c6 gin
nhan (label) va chay rat nhanh.

b) Pau vio
Hand Landmarker chép nhan dau vao ctia mot trong céc loai dir li¢u sau:
+ Anh tinh
+ Khupg hi,nh video. ’
+ I\{gu@n cap dir li€u video tryc tiép
¢) Paura
Hand Landmarker dua ra cac két qua sau:
+ Ban tay cta ban tay dugc phat hién
+ Cac m(?c cua ban tay dugc phat hién trong toa do cuc bd
+ Cac moc cua ban tay dugc phat hién trong toa do chung
4.5.3 Mo hinh
a) Mo hinh phat hién long ban tay:
Model Type: Convolutional Neural Network (CNN)
Kién trac mé hinh (Model Architecture): Single-shot detector model(SSD).
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Pau vao: Mot khung hinh video hodc mét hinh anh, dugc biéu dién duéi dang
tensor 192 x 192 x 3. Kénh mau dugc sip xép theo thi ty RGB va gia tri ca
pixel nim trong khoang [0.0, 1.0].

Pau ra: Mot tensor float 2016 x 18 chita cac gia tri nhung (embedding) du
doan biéu thi cac bién d6i anchors (méc neo) duoc sir dung trong thuit toan
Non-Maximum Suppression (NMS).

M6 hinh Single-shot detector 1a mot kién trac mang CNN duoc st dung dé
thuc hi¢n phat hién ddi tuong trong anh hodc video. Piém dic biét ciia mé hinh
ndy la né cd kha nang du doan ciac hdp gidi han (bounding boxes) tic thi
(single-shot), turc 1a chi can mot 1an quét qua anh dé tao ra cac du doan ddi tuong.

Pau vao ctua md hinh 13 anh hodc video ¢6 kich thudc 192 x 192 pixel va 3
kénh mau (RGB). Mo hinh sé& tién hanh xur 1y thong qua mang CNN dé tim céc
dbi twong trong anh. Pau ra cia mé hinh 1a mot tensor 2016 x 18, trong d6 mdi
hang chira théng tin vé cac anchors transformations (bién doi cac hop neo) va
duoc str dung trong thuit toan Non-Maximum Suppression dé loc ra cac hop gi6i
han cudi ciing ciia cac d6i twong duoc phat hién.

b) Mo hinh mang SSD:
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(a) Image with GT boxes (b) 8 x 8 feature map (c) 4 x 4 feature map

SSD (Single Shot Multibox Detector) 1a mot trong nhitng mé hinh phd bién
trong linh vuc nhan dang d6i twong (object detection) trong thi giic may tinh va
deep learning. M6 hinh nay duogc gidi thi€u trong bai bao "SSD: Single Shot
MultiBox Detector" cua cac tac gia Wei Liu, Dragomir Anguelov, Dumitru
Erhan, Christian Szegedy va Scott Reed vao nam 2016.

Muc tiéu chinh cta SSD 1 nhan dang va xac dinh dbi tugng trong hinh anh
mot cach hiéu qua, turc 1a nhan di¢n doi tuong va dy dodn hop gidi han (bounding
box) chira d6i tugng cung lac chi bang mot 1an duy nhét (single shot), thay vi sir
dung nhiéu 1an nhu mot s6 mo hinh khac.

Extra Feature Layers
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Cich thirc hoat dong ciia SSD c6 thé dugc téom tit nhw sau:

+

Base Convolutional Network: SSD sir dung mang neural convolutional
(CNN) 1am co so dé trich xudt cac dic trung tir hinh anh. Mang CNN nay
thuong 1la mt mang dugc huin luyén trude, vi du nhu VGG, ResNet,
hodc MobileNet, duoc dé xuat dé trich xuét cac dic trung cép cao tu hinh
anh dau vao.

Multiscale Feature Maps: SSD tao ra mot loat cac ban dd dac trung
(feature -maps) c6 ty 18 khac nhau tir cac 16p cia mang CNN. Céc ban db
dac trung nay c6 cac dac trung co6 kich thude va ty 1€ khac nhau, gitip phat
hién cac dbi twong & nhiéu kich thudc khac nhau trong hinh anh.

Default Boxes (Anchor Boxes): SSD st dung cac hop mau mic dinh
(default boxes) hodc con goi 1a anchor boxes, dugc dat trén cac vi tri khéc
nhau cta ban d dic trung. Cac default boxes c6 kich thude va ty 18 khac
nhau dé c6 thé phat hién ddi twong c6 kich thude va ty 1¢ da dang.

Du doan 16p va hop giéi han: Trong mdi default box, SSD sir dung céc
16p phan loai va hoi quy dé du doan xac sudt cua timg 16p ddi tuong c6
thé o trong hdp va diéu chinh cac hop giéi han dé tét hon phu hop véi dbi
tugng thyc té.

Non-maximum Suppression (NMS): Dé giam bot cac hop gi6i han tring
lap va gitr lai cac hop c6 do tin cay cao, SSD st dung thuat toan
non-maximum suppression (NMS) dé lam sach ddu ra va dua ra cac hop
két qua cudi cung.

¢) Mo hinh nhan dang khép ngon tay
Kiéu mé hinh: Convolutional Neural Network (CNN)

Kién trac mo hinh: Regression model (M6 hinh hdi quy)

Pau vao: Mot cit anh (crop) tu khung hinh video hodc mot hinh anh, duoc
biéu dién dudi dang tensor 224 x 224 x 3. Kénh mau duogc sip xép theo thir tu
RGB va gi tri cta pixel ndm trong khoang [0.0, 1.0].

Pau ra:

_|_

Mot s thuc (scalar) biéu dién xac sudt (presence score) vé sy hién dién
ctia ban tay trong hinh anh dau vao. Két qua nay chi dugc coi 1a hop 1¢
(valid) khi diém s6 hién dién (presence score) vuot qua nguong
(threshold).

21 diém dic trung trén man hinh, mdi diém co 3 gia tri toa do (téng cong
63 gia tri) duoc biéu thi boi tensor 1x63 va chuan héa theo kich thudc
hinh anh. Két qua du doan nay chi dugc coi 1a hop 18 khi diém s6 hién
dién (presence score) vuot qua ngudng.

Mot s6 thuc (scalar) biéu dién xac suat (handedness) vé viéc tay dugc dy
doan 14 tay trai hay tay phai. Két qua nay chi duoc coi 1a hop 16 khi diém
s6 hién dién (presence score) vuot qua ngudng.

Mo hinh ndy duoc st dung dé du doan xac suat c6 mat cua ban tay, vi tri va
chiéu trai/phai cua tay trong anh, video dau vao. Cac dy doan nay chi coi la hop
1€ khi xac suat hién dié€n(presence score) dat di muc tin cay.
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Sau khi phat hién long ban tay trén toan bo hinh anh, mé hinh médc ban tay tiép
theo thuc hién dinh vi chinh xac diém chinh cua 21 toa d6 khép ngon tay 3D bén
trong ving ban tay dugc phat hién thong qua hdi quy, d6 1a du doan toa do truc
tiép. Mo hinh hoc cach thé hién tu thé ban tay bén trong nhat quan va manh mé
ngay ca khi ban tay c6 thé nhin thdy mot phan va tu che phu. Model duogc train
bang 30000 dit liéu tay duoc chi thich thi cong.

d) M6 hinh nhan dang ci chi tay
Sau khi phat hién ban tay va 21 diém thi can thém mot model dé nhan dang
ctr chi tay. M6 hinh hai budc bao gdm embeded mode va sau d6 1a classification
model. M6 hinh nhiing hoc biéu dién chiéu thép cta dit liéu dau vao, sau d6 mod
hinh phan loai du doan 16p cta cac diém dic trung dya trén biéu dién da hoc.
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+ Embeded model

Loai mé hinh: Mang neural két n6i ddy du (Fully Connected Neural Network)
v6i cac khéi kién trac du (residual blocks).

Kién trac mé hinh: M6 hinh héi quy (Regression model).
Dau vao: La du ra ciia mé hinh méc ban tay.
DPau ra: Mot tensor sb thuc (ﬂoat)q kich thuéc 128x1 biéu dién nhing
(embedding) du doadn dai dién cho cac di€ém dac trung cia ban tay. Pau ra nay
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sau d6 duoc str dung tiép trong mé hinh phan loai (classification model) mé ta &
phan tiép theo.
+ Classification model

Loai md hinh: Mang neural két nbi ddy du (Fully Connected Neural
Network).,

Kién trac md hinh: M6 hinh phan loai (Classification model).

Pau vao: Pau ra cia embeded model

Pau ra: Mot vector gdm 6 phan tir, mdi phan tir biéu thi xac suat cho mdi 16p
trong 6 16p tuong ung véi cac cur chi tay: Tien len, Lui lai, Re trai, Re phai, Dung
lai, Go.

4.5.4 Train nhan dang cir chi tay

Céc thu vién can thiét dé train mé hinh: tf-nightly, scikit-learn, matplotlib
Cac budc thuc hién:

- Budc 1: Thém lablel cho ki hi¢u tay can nhan dang vao file .cvs:

keypoint_classifier label.csv

File Edit View

keypoint_classifier_label.csv - LibreOffice Calc
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Bu6c 2: Chung ta can ghi thém cac toa do cta ctr chi tay méi vao file
keypoint.csv
S6 dau tién trong mdi dong 1a class ID (s hiéu cua 16p) tuong tng v6i danh
sach trén, Sau d6 1a 42 s6 hodc 21 cip sb biéu thi toa do cua ting keypoint (tic
cac d6t ngon tay) ddi voi diém gde 1a b tay.
Thuec hién ghi dit liéu bang video:

PS:29.69
inger Gesture:Stop
E:E.E';lwqfng Hay Faint
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hinh STYLEREF 1\s 4. SEQ .h_r‘nh \_"AE‘ABfC \s 1 34 Toa do cac
diem cla keypoint véi diém goc toa do 1a cd tay 1D 0.

Budc 3: Thuc hién train bang Jupyter notebook

to
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ros_hand_gesture_rccognition/
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6.3739 - accuracy: 0.8557\n",
ros_hand_gesture_recognition/src/model
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- val_accur
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3521 - accuracy: ©
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assifier/keyp

/
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/

- val_accurac

src/model/keypoint

fler/keypoint
7 - val_loss: 0.14 1 r
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4.5.5 Két ndi va giri dir liéu diéu khién téi robot
a) Nguyén ly hoat dong:

ter.hdfs\n

ter.hdfs\n

fler.hdfs\n

Topic /image s€ nhan dir liéu hinh anh tryc tiép tor camera sau do topic
/hand_sign_recognition nhan va xu 1y nhén dang ki hi€u tay publish Ién topic
/hand_sign. Node /hand_sign_control nhan dit liéu cir chi tay va publish van tdc,
toa do dé diéu khién Robot.



publish subscribe
[image_raw fhand_sign_recognition

publish

femd_vel publish

suibscribe

/hand_sign_control / gestu re/h and_sign

/ move_base/action

Hinh 4.36 Luu dé hoat dong diéu khién robot bang cir chi tay

Istatistics Irat_gui_py_node_25722

/hand_sign_recognition

[Igesture

C [sign_to_controller
Jfgesture/hand_sign

/image raw: dit li¢u hinh dnh tir webcam

/gesture/hand_sigh:chira dir li€u nhan dién cir chi

Céc node:

/my webcam: publish hinh anh

/hand_sign_recognition: subcrice hinh anh va thuc hién nhén dién cu chi tay
/sign_to_controller: subcrice ctr chi tay va g tin hiéu didu khién xudng
/emd_vel va /move base action

b) Két qua:
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H /home/giacuong/catkin ws/src/ros_hand gesture

R QIaCUONA[/v=507 v=13\ ~ R120 G:132 RIK2

/home/giacuong/catkin_ws/src/ros hand gesture recognition/launch/sign control.launch http://192.168.1.143:11311

ROS Gesture Recognition

laptop: ~ 7HX=598. y=467) ~ R0 G:0 B:4




/home/giacuong/catkin_ws/srrirnc hand mackira racnanitinnflaunchfcian cant Fral Lannch hibne (/107 168 1 142:11311
ROS Gesture Recognition

FPS:26.43

hinh ST’?’LERE{: 1\s 4 SEQ h.fn.fl \"ARABIC \s 1 38
Két qua diéu khién Robot bang cur chi tay.

CHUONG 5. THIET KE GIAO DIEN
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5.1 Gidi thiéu

Chuong nay s& gidi thidu cac cong nghé ung dung dé tao giao dién ngudi may
gitip giao tiép, diéu khién robot bao gdm giao dién trén web, app, giao dién trén
man hinh HDMI cua robot. Cac cong nghé st dung bao g@)m html, css, js, tao
giao dién web, flutter tao giao dién app két ndi v6i robot thong qua rosbigde,
python thinker tao giao dién HDMI.

5.2 Thiét ké giao dién web, app order mén in

5.2.1 HTML

a) Khai niém:

HTML (HyperText Markup Language) 14 mot ngon ngit danh dau sir dung dé
xdy dung va ciu trac ndi dung trén cac trang web. HTML mé ta ciu tric va y
nghia cua cac phén tu trén trang, bao g@)m tiéu dé, doan van ban, hinh anh, bang,
lién két, v.v. N6 sir dung cac thé (tag) dé danh dau va phan loai cac phan tir, va
duoc trinh duyét web st dung dé hién thi ni dung mét cach phu hop.

Vao cudi nim 1991, phién ban HTML dau tién do Tim Berners-Lee phat trién
dd dugc cong khai voi tén HTML Tags. Phién ban nay c6 thiét ké vo cung don
gian, mo ta 18 phan ti. Tiép dén vao nam 1995, IETF da hoan thanh “HTML
2.0”. Sau d6 phién ban HTML 4.01 duoc cong bd vao nim 1999. Bén nam 2000,
céc phién ban HTML da dugc cac nha phat trién thay thé bang XHTML. Nam
2014, HTML duogc nang cép 1én chudn HTML5 véi su cai tién rd rét.

b) Cach hoat dong:

HTML document c6 dudi file dang .html hoac .htm. Ban co thé xem ching
brling cac trinh duyét web nhu Google Chrome, Firefox, Safari, v.v. Trinh duyét
doc nhitng file HTML nay va bién ddi chang thanh ndi dung truc quan trén
Internet dé nguoi dung co6 thé xem va hiéu dugc.

About Rooms & Facilities Tours & Attractions Partners Contact

Welcome to
Hot Coffee

Mot trang web thudng c6 nhiéu HTML docuniéﬁf, moi trang con co mét'"tép
HTML riéng. Mdi tai lidu HTML duoc xdy dung bang cach st dung céc thé
(tags) dé tao ciu tric tuong tu cdy thu muc véi cac tiéu dé, phan, doan vin ban,




v.v. Hau hét cac the HTML déu c6 mot th¢ mo va mot thé dong, vi du:
<tag></tag>."
¢) Cacloai HTML hién nay

= HTMILA4

HTML 4 ra doi vao ndm 1997 1a phién ban tht 4 cia ngdn ngit danh dau siéu
van ban. Phién ban HTML nay duoc xuit ban dudi dang nhu mét W3C
Recommendation. HTML 4 ap dung cho nhiéu phan tir va thudc tinh khac nhau
cho trinh duyét web.

= HTMLS

HTMLS5 phién ban tha 5 cia HTML duge cong bd bdi World Wide Web
Consortium (W3C). HTMLS5 1a sy két hop gitta HTML 4, XHTML, DOM cép 2
va JavaScript. HTMLS5 hd tro chay trén moi trinh duyét.

= XHTML

XHTML c6 tén day du 1a Extensible HyperText Markup Language, nghia 13
ngdn ngit danh du siéu vin ban mé rong. Day 1a mot ngdn ngit thay thé cua
HTML véi ct phap chit ché hon. Cy thé, XHTML yéu ciu moi phan tir dugc
dong bang thé dong hodc ca phap ty dong riéng va phan biét duoc chit in hoa
hodc chit in thudng, trong khi d6 HTML khong c6 diéu nay.

d) CAu tric cia HTML

Mot file md HTML duoc hinh thanh tir cac phan tr HTML va cac cip thé.
HTML bao gdm nhiéu loai thé khac nhau va mdi thé c6 nhiém vu va ¥ nghia
riéng. Cac thé dugc dat trong cadp dau ngodc nhon "<, >", va cac tu gifra cac diu
ngodc nay dugc goi 1a phan tir. Ciu triic co ban ciia mot trang HTML bao gém ba
phan:

+ Phan khai bdo loai file code véi thé <!DOCTYPE html>: Puogc dit ¢ dau
hodc trén cung cua file HTML. Phan nay cho biét loai tai lidu HTML va
phién ban HTML ma trang web st dung.

+ Phan khai bao ban dau (head), chtra cac khai bao vé meta, link, J avaScript,
CSS, v.v.: Bit dau bang thé <head> va két thic bang thé </head>. Phan
nay chura tiéu dé trang web (dugc dat gitra cip thé <title> va </title>) va
cac khai bao khac nhu moé ta trang, lién két dén cac tép CSS va JavaScript,
va cac thong tin khac lién quan dén trang web.

+ Phan chtra va hién thi ndi dung cua trang web (body): Bit diu bing thé
<body> va két thuc bang thé </body>. Phan nay chira ndi dung chinh cta
trang web nhu tiéu d&, ndi dung bai viét, hinh anh, dudng din, cac phan tir
tao bd cuc, va cac phan tir khac nhu lién két, bang, biéu do, v.v.

Céc tag thong dung nhét cia HTML:

Block-level tags
Day la loai tag cip cao, s& chiém toan bd khong gian cia trang web va
ludn bat dau dong moi cua trang. 3 block-level tags ma tit ca cic trang
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HTML dau can c6 d6 la: <html></html>, <head></head> va
<body></body>.
Inline tags

Loai tag ndy chi chiém mot phan nho trong khong gian Website va ciing

khong bat dau dong méi cua trang. Inline tags thuong dugc dung dé dinh

dang, tao bd cuc cho ndi dung bén trong cua block-level tags thudng co 5

nhom tag chinh:

+ Tag viin ban: Tag vin ban dung dé tao mot doan van ban trong code
HTML. Pé tao vin ban, ban can dung thé <p>. Tiép d6, ban cé thé sir
dung chudi ky tu “&nbsp;” dé tao khoang trang giita 2 ky ty. Khi mudn
ngit dong thi dung thé <br>.

+ Tag dinh dang: Tag dinh dang dung dé danh dau hay nhan manh mot s6
diéu vao vin ban HTML.

+ Tag hinh anh: Tag hinh hay tag <img /> duoc ding dé dua mot hinh anh
vao van ban HTML. Loai tag nay c6 2 thudc tinh can thiét 1a src va alt.
CAu tric cta tag hinh anh nhu sau <img src=""" alt=""" />

+ Tag lién két: Tag lién két dung dé xac dinh mdi quan hé giita mét file
HTML va cic tai nguyén bén ngoai. Tag lién két dugce dung phd bién nhat
1a link toi CSS. Mot sb cdu tric cua tag lién két bao gdm <head>, <link
rel="stylesheet” type="text/css” href="filecss.css” />, <head>

+ Tag form: Tag form dugc sir dung dé tao mot “biéu miu” HTML cho
ngudi ding. Bén canh d6 tag form con dugc dung dé truyén tai dir liéu 1én
may chu va khong dung dé diéu khién layout. Ciu trac cua tag form bit
budc phai c6 tham sb action: <form action="""></form>. Ngoai ra, bén
trong tag form c6 thé chira mot sb tag khac.

e) Uu nhwoe diém HTML

HTML 1a mot cong cu hiru hiéu gitp nguoi dung thiét ké va tao nodi dung

nhanh chéng cho trang web. HTML s hitu nhiéu vu diém ndi bat nhu sau:

+ Kho tai nguyén khong 16 v6i cong dong nguoi dung rong 16n

+ Sir dung mi ngudn mé nén nguoi ding cé thé st dung mién phi

+ Hoat dong muot ma trén hau hét céc trinh duyét

+ Céach thirc hoat dong don gian nén ngudi hoc ¢ thé d& dang nim bat dugc
kién thtrc dé trién khai cho website ctia minh

+ C6 thé tich hop véi nhiéu ngén ngir khac nhau nhu PHP, Java, Nodels,
Ruby,... giup ngudi dung xdy dung duoc mot trang web vi nhiéu tinh
nang hap dan

+ St dung cac markup ngan gon va co tinh dong nhét cao

+ Quy dinh theo mét tiéu chuan nhét dinh va duoc van hanh bai World Wide
Web Consortium (W3C)

Bén canh nhitng vu diém trén, HTML van cOn ton tai mot s6 nhuoc diém:

+ Chi ap dung duogc cho web tinh, khong co sy tuong tac voi nguodi dung.
Néu mudn trang bi cho web céc tinh ning ty dong thi can phai st dung
dich vu cua bén thir 3.



Mot sb trinh duyét con cap nhat cham dé hd tro cac phién ban méi cua
HTML, dac biét la HTML5

Viéc kiém soat cach doc va hién thi file HTML cua trinh duyét kho thuc
hién

Chi 4p dung véi ciu triic nhat dinh, khong c6 kha ning sang tao

5.2.2 CSS

a) Gioi thiéu

CSS 1a chir viét tit cua Cascading Style Sheets, nd 13 mot ngon ngir duoc sir
dung dé tim va dinh dang lai cac phén tor dugc tao ra boi cac ngdn ngir danh dau
(vi du nhu HTML), c6 thé hiéu don gian rang, néu HTML déng vai tro dinh dang
cac phan tir trén website nhu viée tao ra cac doan vin ban, cac tiéu dé, bang,...thi
CSS s& gitip chiing ta c6 thé thém mot chit “phong cach” vao cac phan tt HTML
d6 nhu d6i mau sic trang, ddi mau chi, thay ddi céu trac,...rat nhiéu.
Cac loai CSS:

_|_

CSS1: CSS1 duogc cong bd lan dau tién vao nam 1996 boi W3C (World
Wide Web Consortium). N6 dinh nghia cac thudc tinh va cac quy tic don
gian dé kiém soat kiéu dang cua cac phan tr HTML. CSS1 dit nén moéng
cho viéc tach biét ndi dung va kiéu dang trong phat trién web.

CSS2: CSS2 dugc cong bd vao ndm 1998 va cung cap nhiéu tinh ning
méi va cai tién so voi CSS1. CSS2 gi6i thiéu cac khdi moé-dun méi nhu bd
cuc, hiéu tng, va trinh don. N6 ciing md rong ci phap CSS va hd tro
nhiéu lya chon kiéu dang hon cho cac phan tit HTML.

CSS3: CSS3 1a phién ban tiép theo cua CSS va dang tiép tuc dugc phat
trién. CSS3 duoc chia thanh nhiéu mé-dun nho, mdi mo-dun chira cac tinh
ning va quy tic kiéu dang moi. CSS3 gidi thiéu nhiéu tinh ning dang cha
Y nhu d0 dan hoi (flexbox), d0 hoa (transitions, animations), vién
(border-radius, box-shadow), v.v. CSS3 cung cip kha ning tiy chinh va
linh hoat cao hon cho phat trién web.

Tai dd 4n nay chung em sir dung CSS3

b) Hoat dong va cach sir dung CSS

Phuong thirc hoat dong ctia CSS 1a n6 s€ tim dua vao cac vung chon, ving
chon c6 thé 1a tén mgt thé HTML, tén mdt ID, class hay nhi€u kiéu khac. Sau d6
1a n6 s& ap dung cac thudc tinh can thay doi 1én ving chon dé.

Khai ni¢m property, value, selector:

+

+

Property 1a thudc tinh cua phan tit HTML, vi du: font-size (kich ¢& chit
ciia phan tir), color (mau chit cia phan tir), background-color (mau nén
clia phan tir)

Value la gia tri cua thudc tinh.

Selector (bd chon) la phﬁn tir ma ban mudn dinh dang.
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Loai selector nay s& tac déng dén tat ca cac the

Universal Selector HTML trén trang web *! property: value; }
Loai CSS nay s& tac déng dén cac thé
Type Selector HTML ma chiing ta muén tac déng h1, h2, h3 {property: value;}
Loai selector nay s& tac déng dén tat ca cac thé
Class Selector HTML c6 class ma noé quy dinh .note {property: value;} ; p.note {};...
Loai selectors nay s& tac déng dén tat ca cac thé
ID Selector HTML c6 id ma né quy dinh #introduction {property: value;}
Loai css nay s€ cho phép ching ta css vao céc the
Child Selector HTML theo cép cha con li=a {property: value;}
Descendant Selector Chon bat ki phﬁn tir con nao trong phﬁn tir cha p a {property: value;}
Adjacent Sibling Selector Nhim chon cic phﬁn tir anh chi em h1+p {property: value;}
Nh&m chon céc phan tir anh chi em mac dit né khéng
nhét thiét
General Sibling Selector  phai |a phan tir dirng trudc triec tiép h1~p {property: value;}

Pé dinh dang cho mot phan ti, ta str dung ¢ phap nhu sau:
selector { propertyl: value;
property2: value; property3: value;
..... propertyN: value; }
¢) Cach sir dung CSS
C6 3 cach st dung CSS:
+ Inlinq CSS: su dm}g thudc tinh style trong cac thé HTML dé ap dung céc
quy tac CSS truc tiép ’
+ External CSS:‘tao mot té€p CSS riéng va sau do lién ké‘t tep CSS do voi tai
liétu HTML bang cach su dung thé <link> trong phin head cua tai li¢u
HTML.:

5.2.3 JavaScript

a) Khai niém

JavaScript 12 ngon ngir 1ap trinh website pho bién hién nay, né dugc tich hop
va nhing vao HTML gitip website tré nén séng dong hon. JavaScript dong vai
trd nhu 12 mot phan cia trang web, thyuc thi cho phép Client-side script tir phia
nguoi dung cling nhu phia may chu (Nodejs) tao ra cac trang web dong.

Brendan Eich chinh 14 ngudi da phat trién JS tai Netscape véi tién than 1a
Mocha. Sau d6, Mocha duoc d6i thanh LiveScript va cudi cing méi do6i thanh
JavaScript.

Nam 1998, JavaScript v6i phién ban méi nhat 1a ECMAScript 2 phat hanh va
dén nam 1999 thi ECMAScript 3 duoc ra mét.

Nam 2016, ung dung JavaScript da dat ky luc 1én t61 92% website st dung,
ddng thoi ciing dugce danh gia 13 mot cong cu cuc ky quan trong dbi voi lap trinh
vién.

b) Hoat dong cuia js



Thay d6i n$i dung HTML: Mot trong s6 nhiéu phuong thiee HTML
JavaScript chinh 1 getElementByld (). Chiing duoc st dung dé tim mot
phan tir cia HTML véi id =”demo” va dung dé thay do6i noi dung cua
phan tir (Internal HTML) sang thanh “Hello JavaScript”

Thay d6i gia tri thudc tinh HTML: Tong quan vé javascript con c6 thé
sit dung dé thay ddi cac gia tri ciia thudc tinh. Vi du: thay d6i thudc tinh
src (source) cua tag<img>.

Thay d6i kiéu HTML: Day chinh 1a mot hoat dong bién thé cua viéc thay
doi thudc tinh cua HTML o trén. Vi du:
document.getElementByld(‘demo’).style.fontSize = *35px;

An céac phin tiet HTML: Mot hoat dong tiép theo 1a Javascript c6 thé an
duge cac phan tir HTML. Chung c6 thé duoc thuc hién théng qua hoat
dong thay ddi kiéu hién thi cac phan tor HTML.

Hién thi cic phan tir HTML: Mot diém dic biét 1a JavaScript c6 thé hién
thi duogc cac yéu td6 HTML an. fo)ng thoi, cling c6 thé thuc hién duoc
thong qua cach thay doi kiéu hién thi phan tir,

¢) Uu nhuoe diém js
Uu diém:

+
_|_

—+

Chuong trinh rat d& hoc.

Nhitng 16i Javascript rat dé dé phét hién, tir d6 gitip ban sira 16i mot cach
nhanh chéng hon.

Nhitng trinh duyét web c6 thé dich théng qua HTML ma khong can st
dung dén mot compiler.

JS c6 thé hoat dong & trén nhiéu nén tang va cac trinh duyét web khac
nhau.

Duogc cac chuyén gia danh gia la mot loai ngon ngtr 1ap trinh nhe va nhanh
hon nhiéu so véi cac ngdn ngir 1ap trinh khéc.

JS con c6 thé duge gén trén mot sd cac element hodc nhiing events clua
cac trang web.

Nhitng website c6 st dung JS thi ching s€ gitp cho trang web d6 co su
tuong tac ciing nhu ting thém nhiéu trai nghiém mai cho ngudi dung.
Nguoi dung cling ¢6 thé tan dung JS v6i muc dich 13 dé kiém tra nhimng
input thay vi cach kiém tra tha cong thong qua hoat dong truy xuét
database.

Giao dién cua ung dung phong phti voi nhiéu thanh phan nhu Drag and
Drop, Slider dé cung cdp dén cho nguoi dung mot Rich Interface (giao
dién giau tinh nang).

Giup thao tac voi1 nguoi dung phia Client va tach bi¢t gitta cac Client v
nhau.

Nhuoc diém

+
_|_

JS Code Snippet kha 16n.
JS dé bi cac hacker va scammer khai thac hon.
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+ JS ciing khong c6 kha ning da ludng hoic da dang xir 1y.

+ C6 thé duoc dung dé thuc thi nhimg ma doc ¢ trén may tinh ctia ngudi sir
dung.

+ Nhitng thiét bi khac nhau c6 thé s& thuc hién JS khac nhau, tir 6 dan dén
su khong dong nhat.

+ Vi tinh bao mat va an toan nén cac Client-Side Javascript s¢ khong cho
phép doc hoac ghi céc file.

+ JS khong duoc hd tro khi ban sir dung ¢ trong tinh trang thiét bi duogc két
nbi mang.

5.2.4 Giao dién web

Giao dién tao ra gom hai trang chinh:

+ Trang goi mon danh cho khach hang: Gom giao dién logo quan, thé nav,
va giao dién order c6 hién thi mén d6 udng, gia, chon ban va goi d6 uong

+ Trang quan 1y order cta nhan vién: bao gdm mot bang cho thay sé ban
khach dit, d6 udng khach da dat, tinh tong gia, nit xac nhan va giao do ra
Iénh cho robot.

COFFEE SHOP <

M&1 QUY KHACH ORDER:
CHON BAN

BAN1 BAN2 BAN3 BAN4

MENU

Cafe Capuchino Baileys milk coffee Caramel latte cepresso



raspberry mocha Irish Frappe Mocha

MON DA CHON :

TONG BILL:

m X

Ten ban Mén & Téng gid Xéc nhan

GiAO PO

5.2.5 Flutter
a) Khai niém
Flutter 13 mobile UI framework ctia Google dé tao ra cac giao dién chét luong
cao trén i0S va Android trong khoang thoi gian ngan. Flutter hoat dong voi
nhing code san c6 dugc sir dung bai cac 1ap trinh vién, cac to chirc.Flutter hoan
toan mién phi va ciing 1a ma nguén mo.
b) Uu diém cia Flutter

+ Néu ban dang tim kiém cac phuong phap thay thé dé phat trién Gng dung
Android, ban nén can nhéc tht Flutter cua Google, mot framework dya trén
ngon ngir 13p trinh Dart.

+ Cac Gmg dung duoc xay dung véi Flutter hau nhu khong thé phan biét véi
nhirng tmg dung dugc xdy dung bang cach st dung Android SDK, ca vé giao
dién va hiéu suat. Hon nita, v6i nhiing tinh chinh nhé, ching cé thé chay trén
thiét bi i0S.

+ Chay 6 60 fps, giao dién nguoi dung dugc tao ra véi Flutter thyuc thi tot hon
nhiéu so véi nhimg tng dung duoc tao ra v6i cac framework phat trién da nén
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tang khac chang han nhu React Native va Ionic. Mot s6 li do khién ban c6 thé
htrng tha véi Flutter:

+ Flutter sir dung Dart, mot ngdn ngit nhanh, huéng ddi tugng v6i nhiéu tinh
nang hiru ich nhu mixin, generic, isolate, va static type.

+ Flutter c¢6 cac thanh phan UI cua riéng no, cing véi mot co ché dé két xuat
chung trén nén tang Android va iOS. Hau hét cac thanh phan giao dién nguoi
dung, déu san dung, phi hop véi cac nguyén tic ciia Material Design.

+ Cac ung dung Flutter c6 thé duoc phat trién bang cach4 sir dung IntelliJ
IDEA, mét IDE rét giéng v6i Android Studio.
¢) Tinh ning cua Flutter

Fast Development: Ting ning Hot Reload hoat dong trong milliseconds dé
hién thi giao dién téi ban. Sir dung tap hop cac widget c6 thé customizable dé
xay dung giao dién trong vai phut. Ngoai ra Hot Reload con gitp ban thém cac

tinh ning, fix bug tiét kiém thoi gian hon ma khong can phai thong qua may 4o,

may android hoac 10S.

= maindart X S L

crementCounter

build context

appBar: {
title: : widget.title},

Button clicked O times

hinh 5.5 Qua trinh debug va chay may ao

Expressive and Flexible UI: C6 rat nhiéu cac thanh phan dé xdy dung giao
dién cua Flutter v6 cung dep mit theo phong cach Material Design va Cupertino,
hd trg nhiéu cac APIs chuyén dong, smooth,scrolling, ...



30w 4N 107

EYEGLASSES

SEATING

Native Performance: Cac widget cua fluter két hop céac su khéc bi¢t ctia cac
nén tang vi du nhu scrolling, navigation, icons, font dé cung cap mdgt hi¢u nang
tot nhat téi iOS va Android.

d) Cai dat flutter
Co thé cai dit bang cach clone Flutter repository tir Github vé:

git clone https://github.com/flutter/flutter.git

Tiép theo ban nén sir dung cong cu chuan doan cua Flutter dé kiém tra cac thanh
phan nhu Dart SDK, font Material Design:

cd flutter/bin

J/flutter doctor

(-] Terminal

File Edit View Terminal Tabs Help
Building flutter tool... &

wWelcome to Flutter! - https://flutter.io

The Flutter tool anonymously reports feature usage statistics and basic
crash reports to Google in order to help Google contribute improvements to
Flutter over time. See Google's privacy policy:
https://www.google.com/intl/en/policies/privacy/
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Pé xdy dung tmg dung Android, ban phai tro Flutter toi thu myc ciia Android
Studio

/flutter config --android-studio-dir ~/android-studio

CAu hinh v6i IntelliJ hodc Android Studio, chon Configure->Plugins tai man hinh
khoi dong. Sau do cai dat plugin Dart

Welcome to Intelli] IDEA

IntelliJ IDEA

Version 2016.3.4

¥ Create New Project

1 Import Project

= open NG

¥ Check out from Version Control «

# Configure + GetHelp ~

Plugins
Import Settings
Export Settings
Settings Repository...
Create Desktop Entry
Check for Update

= Browse Repositories 4 O X
Q- dart @) & [Category: All -
Sortby:name v | LANGUAGES
Dart 165,680 Dart
s -~ -
LANGUAGES one week ago 1] Install
. Jaguardart g
FRAMEWORK INTEGRATION one month ago #rirdek?y 165680 downloads

Updated 3/2117 v163,13137
Support for the programming language.
Change Notes

@ Improvements and bug fixes

Vendor
* JetBrains
Size

17M

l HTTP Proxy Settings... J [ Manage repositories... ]




Browse Repositories 4 0

(Q'ﬁuuer ‘ﬂ-’) @5 | category: All - |

Sort by: name v LANGUAGES
2,508 "% Flutter

LANGUAGES

2 weeks a0 I 11 pncen|

frirdrde ke 2908 downloads
1.9

Updated 2/217

Support for developing applications. gives
developers an easy and productive way to build and
deploy cross-platform, high-performance mobile apps on
both Android and iOS.

Change Notes
0.1.9.1:

® fix button enablement in the View
-# fix the reload action for apps launched from ‘run’

0.1.9:

® added a G view to allow users to toggle
framework debugging features while running

-

-» fixes to the visibility of the "Tools" menu

@ inspection to detect pubspec modifications (that may
imply cut of date package dependencies)

@ key bindings fixes

@ support for opening source folders as projects
(using "Open...")

@ run and debug button enablement fixes

& fix to bring i0S simulator to front on run/debug

® fix to handle devfs breakpeints for projects without
pubspecs

x

Bay gid, ban phai tro plugin Flutter dén thu muc ma ban d cai dat Flutter. Dé
lam nhu vay, hay chon Configure > Settings trong man hinh chao murng va trong
hop thoai bat 1én, diéu huéng dén Languages & Frameworks > Flutter. Trong
truong Flutter SDK path, gd duong dan tuyét ddi cta thu muc.

= Default Settings 4+ 3 x
(Q ) L & Fr ks > Flutter = For default project Reset
- Appearance & Behavior SDK
K Flutter SDK path: | /home/simple/flutter n B
» Editor < : :
Version: Flutter = channel master » https//github.com/flutter/flutter git
Plugins Framework » revision cd8434d931 (77 minutes ago) *
v Build, Execution, Deployment Engine - revision ab09530927
Tools * Dart 1.23.0-dev.0.0
> Build Tools @
» Compiler @
a General
» Debugger

Required Plugins |

[ Report usage information to Google Analytics
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e) Giao di¢n bang Flutter
Giao dién tao ra gém hai man hinh:

+ Man hinh goi mén danh cho khach hang: Gom giao dién logo quan, thé
nav, va giao dién order c6 hién thi mén dd udng, gia, chon ban va goi dd
ubng

+ Man hinh quan 1y order ctia nhan vién: bao gdm mét bang cho thiy sd ban
khach dat, dd uéng khach da dat, tinh té)ng gia, nit xac nhan va giao ddra
Iénh cho robot.

Coffee Shop Coffee Shop

((

COFFEE SHOP = o

hinh 5.10 Giao dién khach hang,giao dién nhan vién



5.2.6 Rosbridge va thw vién Rosjs

a) Gioi thi¢u:

Rosbridge 1a mot giao dién cung cap kha ning giao tiép giita ROS (Robot
Operating System) va cac Uing dung va dich vu bén ngoai nhu tng dung web,
g dung di dong, hé thong diéu khién tir xa va cac hé thong khéc.

Rosbridge cho phép truyén thong gitta ROS va cac tmg dung bén ngoai bang
cach st dung giao thitc JSON (JavaScript Object Notation) va giao thuc
WebSocket. N6 cung cép mdt cau ndi dé truyén tai dir liéu ROS, goi céac dich vu
ROS va diéu khién cac robot va thiét bi thong qua cac yéu ciu tir cac ung dung
khong phai ROS.

b) Rosbridge cung cip mdt sé chirc ning chinh:

Giao tiép da nén tang: Rosbridge cho phép cac ing dung tir nhiéu nén tang
khac nhau (nhu web, di dong) giao tiép voi ROS théng qua giao thitc JSON va
WebSocket.

Truyén tai dit liéu ROS: Rosbridge cho phép truyén tai dir liéu tir cac chu dé
(topics) ROS, cho phép trng dung bén ngoai theo ddi va nhan dir li¢u tir robot va
cac thiét bi khac trong mang ROS.

Goi dich vu ROS: Rosbridge cho phép trng dung bén ngoai goi cac dich vu
(services) ROS dé thyc hién céac tac vy nhu kiém soat robot, truy xuét di liéu,
V.V.

Diéu khién robot: Rosbridge cho phép tmg dung bén ngoai guri cac yéu cau

diéu khién dén robot thong qua giao thirc ROS, cho phép diéu khién va tuong tac
v6i robot tir xa.

Client-side '_ Server-side |
The node created by rosbridge
Web browser
i @l.sh
OpPIC Subsi

Get a web page

from ROS

the web server Rosbridge

I g server

Send a message to Web server kY b ) Subs
the rosbridge server

JSON (JavaScript Object Notation): JSON la mdt dinh dang dir li¢u don gian
dua trén van ban, dugc st dung dé truyén tai va luu trir dir li€u. N6 dua trén ca
phap cua JavaScript, nhung da trd thanh mot dinh dang phd bién va doc 1ap ngon
ngir trong nhiéu ngir canh. JSON st dung cip cau tric key-value (khoa-gia tri) dé
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biéu dién dir liu va hd trg cac kiéu dir liu co ban nhu chudi (string), s6
(number), dbi twong (object), mang (array), boolean va null. JSON rat phd bién
trong giao tiép dir liéu giita may chu va client trong tmg dung web.

package.json X

{
"name": "
"description"
"version":
"private":
"scripts": {
"start": "node
+s
"dependencies":
"express"
"jade": "~1.9.2
}
}

hinh 5.12 Vi du vé dir liéu JSON

WebSocket: WebSocket 1a mot giao thirc truyén thong hai chiéu (full-duplex)
trén giao thic HTTP, cho phép truyén thong tin lién tuc va thoi gian thuc giita
may chu va trinh duyét web. WebSocket gitip xac 1ap mot két ndi lién tuc gitta
may cht va trinh duyét, cho phép hai bén truyén tai dir liéu mét cach song song
va khong lién quan dén yéu cau-tra 1oi truyén thong cua giao thirc HTTP. Diéu
nay giup truyén tai dir liéu nhanh hon va tiét kiém tai nguyén mang hon so véi
cac phuong phap giao tiép trude d6. WebSocket thuong duogc sir dung trong cac
tmg dung yéu cau truyén thong lién tuc va thodi gian thuc nhu tro chuyén truc
tuyén, tro choi truc tuyén, va tmg dung web thoi gian thyc khac.

THUGC TINH MO TA
Dién ta trang thai két ndi. N6 cé céc gia tri sau:
« Gia tri 0: két ndi van chura dugc thiét 1ap (WebSocket. CONNECTING)

« Gidtri 1: két ndi da thiét lap va co thé giao tiép (WebSocket. OPEN)

readyState
« Giatri 2: két ndi dang qua handshake dong (WebSocket. CLOSING)
« Giatri 3: két ndi da dugc dong (WebSocket. CLOSED)
Biéu dien s& byte clia UTF-8 ma d& duoc xép hang bai sir dung phuang
bufferedAmount

thirc send()

¢) Thu vién rosjs

Thu vién rosjs 1a mot thu vién JavaScript duoc sir dung dé két ndi va giao tiép
vl ROS (Robot Operating System) trong moi truong trinh duyét web. N6 cung
cép cac chuc nang dé truyén tai dir liéu, dang ky va nhan cac chu dé ROS, goi
cac dich vu ROS va tuong tac v ROS thong qua giao thirc WebSocket.



Rosjs cho phép tmg dung web duoc viét bang JavaScript twong tac véi hé
théng ROS thong qua mot giao dién don gian va dé st dung. N6 cung cap cac 16p
va phuong thirc dé truyén tai dir lidu tir cac chu dé ROS (topics) va goi cac dich
vu ROS (services).

Mot s6 phuong thirc Rosjs sir dung dé tuong tac voi ROS:

+ ROS Object: Day 1a cdu trac co ban dé tao va quan 1y két ndi voi ROS.
Ban c6 thé sir dung ROS object dé thiét lap két ndi véi may chu
ROSBridge, ding ky cic chu dé (topics), goi cac dich vu (services) va
thuc hién cac hoat dong khac lién quan dén ROS.

+ Topic Object: Ddi tuong Topic trong rosjs cho phép ban ding ky va nhan
dir liéu tir cac cha dé ROS. Ban c6 thé dang ky dé nhan cac cap nhat tir
chu dé va gui tin nhin dén chu dé.

+ Service Object: D6i tugng Service trong rosjs cho phép ban goi cac dich
vu ROS. Ban c6 thé tao mot Service object dé gui yéu cau dich vu va nhan
phan hoi tir dich vu.

+ Action Object: duoc sir dung dé twong tac voi hanh dong (action) trong
ROS.

5.3 Két noi va diéu khién Robot tir giao dién web.
a) Giao tiép v6i Rosbridge:

/my_topic4

[client_count

/my_topic2

/move_base /

| /move_base/action_topics H:

/connected _clients

Giao tiép gitta web va robot qua Rosbridge thong qua cac topic:
+/rpytopic: chtra dit liéu order ctia khach hang bao gdm: s6 ban, moén an, gif’l tién
xuat ban tir trang goi mon cua khach. Trang quéan 1y s€ dang ki topic va hién thi
1én bang.
+/mytopic4: chira dir liéu danh sach ban an dé robot di chuyén t6i xuat ban boi
trang quan ly va dang ki boi trang nhan vién.
+/mytopic2: chira dit lidu bao khi robot giao xong tat ca cc ban.

+move_base/action_topics: ra Iénh cho robot di chuyén t6i toa d6 ctia cac ban.

Start 8 9



+ Tai trang goi mén: khach hang chon ban, chon mén an va nhan nat goi mén

MO QUY KHACH ORDER:
CHON BAN

BAN1 BAN2 BAN3 BAN4

MENU

Cafe Capuchino Baileys milk coffee Caramel latte cepresso

iP

+ Sau khi goi mon danh sdch mon an s€ dugc hién thi tai trang cuia quan ly:
quan ly dang nhap va xem danh sach mén khach goi.

+ Sau khi nhan vién 4n xac nhan danh sach ban an s& dugc luu lai, nhan vién
ra 1énh giao d6 thi Robot sé& giao lan luot téi cac ban di xac nhan moén an.Khi téi
mot ban khach xac nhan ldy db an thi xong Robot méi giao t6i ban tiép.

@ Bangnhap nhanvién

& C ® 12100

it Apps & Cmail + YouTube

Ping nhap
giacuong

% CAFE shop-Quanly #® CAFEshop_KhachHang x | +

C  ® 12700455 nly.hts

i Apps % Gmail » YouTube © Maps

Tén ban Mén an Téng gid Xc nhan
Ban 1 Cafe Capuchino, Baileys milk coffee 65000
Ban 2 Irish, Frappe 90000
Ban 3 Raspberry mocha 50000
Ban 4 Irish, Frappe 90000

GiAO PO




Hinh STYLEREF 1\s 5. SEQ hinh \* ARABIC \s
1 19 M6 phéng két qua giao do téi timg ban.

5.4 Thiét ké giao dién trén robot
5.4.1 Gi6i thiéu

Giao dién trén robot 13 phuong thirc dé tuong tac gitta con ngudi va robot.
Giao dién trén robot 1a bd mat ciia may tinh. N6 1a no1 nguoi st dung nhéap thong

tin vao hé théng may tinh (ddu vao) va nhan thong tin phan hdi tir may tinh (dau
ra). Giao dién ngudi dung néi chung bao gdm nguoi sir dung, hé théng, dau vao
va du ra.

5.4.2 Nguyén ly hoat dong

Giao di¢n robot hoat dong nhu sau:

91



+ Khi khéach hang dén va ng6i vao ban, nhan vién s& dua theo sd ban va chon
ban tir 1-4. Sau d6 nhan vién 4n nut Start, Robot s& di chuyén dén timg ban
mot theo thir tu.

+ Khi robot di chuyén dén vi tri ban thi #, man hinh s& chuyén sang giao
dién khach hang, loa cua robot s& thong bao dé khach hang chon d6 udng.
Khach hang chon d6 udng, sau d6 4n Done dé tinh toan gi tién. Néu khach
hang cam thay khong hop 1i s& chon lai va an Order dé két thuc chon dd
ubng.

+ Robot di chuyén hét cac ban, sau d6 quay vé vi tri HOME. Nhan vién s&
dua theo bang danh sach dd ubng trén giao dién nhan vién dé dat db udng
1én timg khay, sau d6 4n Done, Robot s& giao dd udng dén ting ban va
thong bao cho khach 14y d6 udng. Sau khi khach 4n Done, robot s& di
chuyén sang ban khac cho dén khi hét ban, robot s& quay vé vi tri HOME.

5.4.3 Két qua

Trong d0 an nay str dung ngdn ngit 1ap trinh python két hop véi thu vién
Tkinter dé thiét ké giao dién. Tkinter 1a thu vién GUI tiéu chuan cho Python. Khi
két hop véi Tkinter, Python s& dugc cung cp cic cong cu mot cach nhanh chong
va dé dang dé tao cac ing dung GUI Tkinter cung cdp giao dién huéng d6i
tuong manh mé dén cac bd cong cu Tk GUL

Giao dién ngudi dung s& bao gdm 2 giao dién chinh 1a giao dién danh cho
nhan vién va giao di¢n danh cho khach hang:

# ROBOT WAITER - o b3

MOI CHON BAN

Ban2
Table Coca Coffee Fanta Water
an
a

-Ban3-Ban 1

# 8an1 - a X

MO1 CHON DO UONG




Trude hét chung ta s& st dung SLAM dé tao ban d6 va xac dinh céc vi tri
HOME va vi tri ctia cac ban dé luu vao giao dién.

PAu tién, nhan vién s& dit robot vé vi tri HOME — vi tri sac pin cua robot.
Nhén vién s& 4an HOME dé xéac dinh vi tri ban dau giap robot. Sau khi c¢6 khach,
nhan vién s& 4n vao cac ban ma c6 khach, sau d6 4n START, robot s& di chuyén
dén ting ban theo thur ty. Khi robot dén ban # s& chuyén sang giao dién khach
hang va loa s& phat am thanh 00001.mp3 dé théng bao cho khach chon db udng.
Khach hang s& chon d6 uéng va an Done! d¢ tinh gia tién, néu khong hop 1y thi
c6 thé chon lai dd uéng va 4n Done lai. Sau d6 khach s& 4n Order! Robot sé&
chuyén sang ban tiép theo va ct lap lai cho dén khi hét ban, robot s& quay vé vi
tri HOME.

Khi do, trén man hinh s€ hi¢n giao di¢n nhan vién voi mot bang hién céc loai
d6 udng cung s6 ban. Nhan vién chuin bi 6 udng xong s& an DONE dé robot
mang d6 udng dén ting ban.

# ROBOT WAITER - o x

- o
Ban2
Band

Khi d6 robot s& phat 4m thanh 00002.mp3 dé théng bao khach hang nhan d6
ubng. Khach nhin xong 4n DONE, robot s& chuyén qua ban tiép theo dén hét ban
thi quay vé HOME.
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CHUONG 6. KET LUAN

6.1 Két luin
Vi dé tai “Thiét ké Robot tu hanh trong nganh dich vu-Autonomous service
robot”, nhém da dat dugc nhiing két qua nhat dinh:

+ Ghép nbi, két hop diéu khién cac module, linh kién dién tir hoat dong 6n
dinh.



+
_|_

Tim hiéu va ung dung dugc thuat toan diéu khién diéu hudng cho robot
trén nén tang hé diéu ROS.

Ung dung dugc RPLidar va Jetson Nano véo trong qué trinh xdy dung ban
dd, dinh vi cho robot trong qua trinh di chuyén.

Ung dung ngdn ngit 1ap trinh python va thu vién tkinter trong viéc thiét
lap giao dién diéu khién nguoi dung va giao tiép véi cac chan IO trén
Jetson Nano dé phat 4m thanh.

Ung dung cac ngdn ngir 1ap trinh web, app xdy dung giao dién diéu khién
cho khach hang va nhan vién.

Ung dung duoc céng nghé xir 1y anh dua trén mang YOLO trong viéc
phéat hién doi tuong va nhan dién cac loai do uéng.

Ung dung tri tué nhan tao diéu khién robot bang ctr chi tay.

Ung dung dugc cac kién thirc di hoc vao trong qua trinh xay dung va thiét
1ap cac thuat toan cho dé tai.

Tuy nhién do kién thirc con nhi€u thiéu sot va thoi gian han ché nén con ton tai
mot sO nhugc diem:

_|_
+
_|_

Kha nang tuong tac gilra robot va con nguoi con thap.
Van con sai l1é€ch vé hudng va vi tri ctia robot.
Xu ly anh va nhan dang cu chi tay di€u khién con c6 do tre.

6.2 Hudéng phat trién twong lai ciia dé tai

+
+
+

+

Tang téc d6 di chuyén cua robot, ning cao sb lwong do an phuc vu.

Thiét ké thém bd sac tu dong sau moi phién lam viéc.

Tang d6 chinh xac cua robot bang cach sir dung cac cam bién nhu IMU,
GPS

X4y dung hé thng hoan toan ty dong gdm nhiéu robot phuc vu dé giam
thiéu toi da nhan luc.

Phat trién thém cac tinh ning cho web, app tich hop CSDL, server.

Thay d6i phan cng may tinh nhing, ting cau hinh toc do xtr 1y dé han
ché d6 tré cho robot.
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PHU LUC

1. Yéu cau ve cac hé diéu hanh cho cac thiét bi:

e May tinh chii: yéu cau h¢ diéu hanh Ubuntu 20.04 LTS
e Jetson Nano: yéu cau hé diéu hanh Ubuntu 20.04 LTS

2. Huéng din cai dit hé diéu hanh ROS trén Ubuntu:
Db an st dung ROS phién ban Noetic. Cac bude cai dat ROS trén cac thiét
bi sir dung hé diéu hanh Ubuntu 13 giéng nhau va dugc trinh bay sau déy:
Buée I: Cai dat sources.list cho thiét bi dé thiét bi c6 thé chép nhan phﬁn mém tr
packages.ros.org:
» sudo sh -c 'echo "deb http://packages.ros.org/ros/ubuntu

$(lsb release -sc) main" >
/etc/apt/sources.list.d/ros-latest.list’

Buwoce 2: Cai dat keys cho thiét bi:

= gsudo apt install curl # if you haven't already installed curl

= curl -s
https://raw.githubusercontent.com/ros/rosdistro/master/ros.asc |
sudo apt-key add -

Buwoc 3: Cai dat ROS:
Trude hét, cAn dam bao chi myc goi Debian 1a méi nhit:

= sudo apt update
Déi v6i Jetson Nano, nén cai dit phién ban ROS desktop:

* sudo apt install ros-noetic-desktop
Dbi v6i May tinh chil, nén cai dit phién ban ROS desktop full (tich hop thém cac
g61 mo phong 2D/3D, cac gbi perception 2D/3D):

* sudo apt install ros- noetic-desktop-full
Buworc 4: Cai dat moi truong:
Mdi khi st dung ROS trong terminal, can din ngudn script sau
Jopt/ros/Noetic/setup.bash.Dé mdi terminal khi dugc mé 1én ty dong dan ngudn
script do, can thuc hién cac 1énh sau:

* echo "source /opt/ros/noetic/setup.bash" >> ~/.bashrc

= source ~/.bashrc
Buwée 5: Cai dit cac phan phu thudc dé xay dung cac goi:
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sudo apt install python-rosdep python-rosinstall

python-rosinstall-generator python-wstool build-essential

sudo apt install python-rosdep
sudo rosdep init

rosdep update

Buwéc 6: Khoi tao Khong gian 1am viéc cho ROS:

mkdir -p ~/catkin ws/src
= cd ~/catkin ws/
catkin make -DPYTHON EXECUTABLE=/usr/bin/python3
* echo "source ~/catkin ws/devel/setup.bash" >> ~/.bashrc

source ~/.bashrc

3. Két ndt may tinh véi Jetson Nano

- Trén may chu, tim ROS [P va ROSMASTER URI Ia thong tin cua ca hai may
can lién lac. Tim ROS_IP (1a dia chi IP cia may tinh chinh) bang cach chay 1énh

ifconfig.

- Trén Robot
= Set ROS IP is the machine IP address.
* ROS MASTER URI is the robot s IP
- Trén may tinh
= Set ROS [P is its own IP.
= SET ROS MASTER URI is the robot’s IP

- Vi du: Trong vi du nay (IP c6 thé s& khac nhau trong mang cua ban),
- Trén robot, ta dat: export ROS IP=192.168.43.228,
ROS MASTER URI=http://192.168.43.228:11311.

- Trén may tinh ta dat: export ROS IP=192.168.43.123,
ROS MASTER URI=http://ubiquityrobot.local:11311.

4. Kiém tra Lidar

Pé kiém tra Lidar, ta chay lan luot cac dong 1én sau trén terminal:
= cd catkin_ws/src.
= git clone https.//github.com/EAIROBOT/ydlidar ros.git.
* catkin_make
» roscd ydlidar _ros/startup

export

export



*  sudo chmod 777 ./*
* sudo sh initenv.sh
* Quay lai moéi trudng catkin_ws, va chay source devel/setup.bash.

»  git checkout G2. Lénh ndy s& chuyén ban dén nhanh ctia mé hinh LiDAR

cu thé cta ban.
= Chay lai catkin_make.
5. Thiét 1ap ban do sir dung Hector SLAM
Buwéc 1: Két ndi Lidar v6i Jetson Nano
Dé kiém tra ta chay lénh:

= 1s -1 /dev | grep ttyUSB
Budc 2: Set Up Catkin Workspace va Cai dit phan phu thudc can thiét

= sudo apt-get update

= sudo apt-get install cmake python-catkin-pkg python-empy
python-nose python-setuptools libgtest-dev python-rosinstall
python-rosinstall-generator python-wstool build-essential git

Tao catkin workspace:

* mkdir -p ~/catkin ws/src

* cd ~/catkin ws/

* gedit ~/.bashrc # dung d€ chinh stta .bashrc text file

= Phdi chdc chdn 2 dong code nay phdi ndm dudi cung cta.bashrc
file.

source /opt/ros/melodic/setup.bash
source ~/catkin ws/devel/setup.bash

Sau dé chay lénh: source ~/catkin ws/devel/setup.bash

Buwoc 3: Cai dat RPLIDAR ROS Packages
Clone the RPLIDAR ROS package vao tép src.

* sudo git clone https://github.com/Slamtec/rplidar ros.git

» cd ~/catkin ws/

* catkin make

Launch the RPLIDAR launch file, M¢ terminal va chay 1énh sau:

* roslaunch rplidar ros rplidar.launch

99


https://github.com/Slamtec/rplidar_ros.git

Kiém tra topic, m¢ moi va chay 1énh sau:
= rostopic list

Bit dau qua trinh scan:
= rostopic echo /scan

Két qua nhat duoc:

glacuong@glacuong-laptop: ~

giacuong@giacuong-laptop: ~211x51

Kiém tra két qua scan trén rviz:

* roslaunch rplidar ros rplidar.launch

M& terminal m&i va chay: rviz



Két qua scan trén rviz

Buéc 4: Thiét lap ban dd
Download the Hector-SLAM Package:

* cd ~/catkin ws/src

= git clone
https://github.com/tu-darmstadt-ros-pkg/hector slam.git

Set the Coordinate Frame Parameters:

= sudo gedit
~/catkin ws/src/hector slam/hector mapping/launch/mapping defau
lt.launch

Tim kiém céc dong code sau ¢ dong thir 5 va 6:
<arg name="base_frame" default="base_footprint"/>

<arg name="odom_frame" default="nav"/>

Va doi thanh:

<arg name="base_frame" default="base_link"/>

<arg name="odom_frame" default="base_ link"/>

Sau d6 vao dong cudi ctia code (dong thir 54) d6i cac code sau:

<!--<node pkg="tf" type="static_transform_publisher"

name="map_nav_broadcaster" args="0 0 © © @ © map nav 100"/>-->

Thanh:
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<node pkg="tf" type="static_transform_publisher"

name="base_to_laser_broadcaster"” args="0 0 0 © © 0 base_link laser 100"/>

Luu lai va mé terminal méi va chay:

* cd ~/catkin ws/src/hector slam/hector slam launch/launch

Mo tép tutorial.launch:

» gedit tutorial.launch

Tim va doi dong code thlr 7: <param name="/use_sim_time" value="true"/> thanh

<param name="/use_sim_time" value="false"/>.

Luu lai va chay:

= cd ~/catkin ws/

= catkin make

Khoi dong lai Jetson Nano va chay cac 1€nh sau:

cd ~/catkin ws/

= sudo chmod 666 /dev/ttyUSBO

= roslaunch rplidar ros rplidar.launch
# M terminal m8i va chay:

= roslaunch hector slam launch tutorial.launch

Buwée 5: Luu ban @b

» sudo apt-get install ros-melodic-map-server
* mkdir ~/catkin ws/maps
* cd ~/catkin ws/maps

* rosrun map server map saver -f my map
6. Chay Navigation va giao dién nguwoi dung, giao dién trén web, app.
Buoc 1: Két noi SSH toi Jetson Nano

» shh 192.168.1.136

Buworc 2: Chay cac goi trén jetson nano dé€ giao ti€p voi cam bién va rplidar

O roscore

* cd my ws



= source ./devel/setup.bash

* roslaunch node example nano.launch
Buwoce 3: Trén PC chay cac goi va xac dinh vi tri cua robot trén ban do

* cd my ws
= source ./devel/setup.bash

» roslaunch navigation navigationjetsonbot.launch

- chon vi tri robot trén ban bd chon 2D Pose Estimate va click vi tri trén ban dd

Két qua nhat duogc:

Eile panels Help
GmowGnen | doneae T
move_

Displays.
+ @ Global Options.

p_ ase_
» ¥ Global status: ok yo.  paramsy..

-J @ Grid
i, RobotModel v
»TF
» A Laserse F
P2 Map v
# Planner Pl v
B Global Map v
ko B Locat Map v
i Polygon &l
» v Status: Ok
. unreliable
Queuessi 10
Color W00
Alpha 1
~ P2 costmay vl
» v Status: Ok
Topic Jmove_baseflocal_co.
Alpha

0,
Color Scheme  costmap

Unreliable
Use Timestamp
-/ Planner

v tatus: Ok
pic /move_base/DWAPla...

Unreliable
Quevesize 10
Line style Lines
Color 0255, 255:0
Alpha 1
BufferLength 1

» Offset 00:0

Add

Buwoce 4: Set vi tri ban an tai ban do
» rostopic echo /clicked point

Click point trén ban dd va lwu vi tri thdy duoc vao file giaodien ros.py
Buorc 5: Chay giao dién nguodi dung
* cd my ws

= source ./devel/setup.bash

* python3 main2.py

Buwéc 6: Chon ban va thao tac trén giao dién xe sé& di chuyén t&i dung vi tri ban
d3 chon va c6 nhitng giao tiép voi khach hang. Khi hét ban xe s& tu di chuyén vé

v1 tri home.
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Buée 7: Két ndi téi Rosbridge

* roslaunch rosbridge server rosbridge websocket.launch
Budc 8: Chay dicu khién robot bang ctr chi tay

* roslaunch ros_hand gesture recognition sign control.launch

Buwoc 9: Chay web trén server local va chon ban, goi mon, nhan vién dang nhap
xac nhan dé robot giao dd n téi cac ban. T4i ban dn khach hang c6 thé giao tiép
vo1 robot qua cu chi tay, diéu khién robot, chon nhian mén an va xac nhan trén
web hodc app. Khi giao hét ban robot s& tu dong vé quay va thong bao trén web,
app.
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