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Noi dung toém tt:

Trong bdi canh yéu cau cap thiét vé tur dong hoa van chuyén y té nhim giam thiéu nguy
co lay nhiém trong khu vuc cach ly, dé tai nay tap trung vao thiét ké va trién khai hé
thong robot di dong ty hanh (Autonomous Mobile Robot — AMR) tmg dung trf tué nhan
tao. Muc tiéu chinh 13 phat trién mot nén tang robot c¢6 kha ning van chuyén thudc va

vat tu y t& mot cach tw dong, an toan va hiéu qua trong méi trudng y té phirc tap.

Hé thong duoc xay dung trén nén tang ROS 2, két hop cac cong nghé hién dai nhu ban
dd hoa va dinh vi SLAM, x4c dinh vi tri bé“tng thuat toan AMCL, hoach dinh duong di
vo1 thudt toan A*, va phat hién vat thé dong st dung md hinh hoc sau YOLOvVS. Robot
st dung ciu trac din dong vi sai v6i bo diéu khién bam quy dao Backstepping va diéu
khién toc d6 dong co DC bang thuat toan PID. Toan bo hé thong dugc mé phong va

kiém thir trong méi truong a0 Gazebo va Rviz2.

Két qua mo phong cho thiy robot c6 kha ning di chuyén 6n dinh, tranh vat can, nhan
dién nguoi va theo doi 19 trinh hi€éu qua trong modi truong mo phdng tuong duong khu
cach ly thuc té. Nghién ctru gop phan khing dinh tinh kha thi va tiém ning tng dung
cua AMR trong linh vuc y té, dac biét trong cac kich ban doi hoi van hanh lién tuc va

han ché ti€p xtc con nguoi.



DAITHOC PA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAI HOC BACH KHOA Doc 1ap - Tu do - Hanh phtic
KHOA PIEN

NHIEM VU PO AN TOT NGHIEP

TT| Hoténsinhvién | S6thé SV Lép Nganh
1 | Tran Van Quéc Bao | 105200355 | 20TDHCLCI | K§ thuat diéu khién va Tu
dong hoa
2 | Lé Tuén Son 105200468 | 20TDHCLC3 | K§¥ thuat diéu khién va Tu
dong hoa

1. Tén dé tai dé dn: Nghién ctru img dung Al diéu khién xe ty hanh

2. Dé tai thue dién: [1C6 ky két thoa thudn sé hitu tri tué doi véi két qua thuee hién
3. Cdc s6 liéu va dir lidu ban dau:

Néi dung cdc phan thuyét minh va tinh todn:

4. Cdc ban vé, do thi (ghi ré cdc logi va kich thuée ban vé): Ban vé Inventor, khé A4.

5. Ho tén nguoi hudng dan: Phan/ Néi dung:

TS. Tran Thi Minh Dung — Huong dan tu van giai phap, lya
chon cong ngh¢ cho dy 4n

— Hudng dan lam thuyét trinh bao cao

du an

— Theo doi tién dd cua du an

6. Ngay giao nhiém vy dé dn: — 22/2/2025
7. Ngay hodan thanh dé dan: 24/06/2025

Pa Nang, ngay  thdng 6 nam 2025
Truwéng Bo mén Tu dong hoa Ngwoi hwong dan

TS. Giap Quang Huy TS. Tran Thi Minh Dung



DAI HOC PA NANG CONG HOA XA HOI CHU NGHIA VIET NAM

KHOA PIEN

TRUONG BAI HOC BACH KHOA Doc 1ap - Ty do - Hanh phiic

NHIEM VU PO AN TOT NGHIEP

TT| Hoténsinhvién | S6thé SV Lép Nganh
1 | Tran Van Quédc Bao | 105200355 | 20TDHCLCI | K§ thuat diéu khién va Tu
dong hoa
2 | Lé Tuén Son 105200468 | 20TDHCLC3 | K§¥ thuat diéu khién va Tu
dong hoa

8. Tén dé tai do an: Nghién ciru vrng dung Al diéu khién xe tw hanh
9. Dé tai thuée dién: [1C6 ky két thoa thudn sé hitu tri tué doi véi két qua thuwec hién

10. Cac so lieu va dir liéu ban dau:

11. Ngi dung cdc phan thuyét minh va tinh todn:

a. Phan chung:

TT Ho tén sinh vién No6i dung
1 | Tran Vin Quéc Bao | Chuong 5: Két Qua thuc nghiém
2 Lé Tuan Son Chuong 6: Két luan, hudng phat trién

Tim ngu@)n tai liéu tham khao, hinh anh minh hoa, kiém
tra chinh ta dinh dang, ndi dung va thiét ké hinh anh mo
hinh. Thuyét minh, van hanh va kiém tra. Trinh bay bao
cdo, m& dau va két thuc.

b. Phan riéng:

TT Ho tén sinh vién No6i dung
1 Lé Tuén Son Chuong 1: TONG QUAN VE AGV
2 Lé Tuén Son Chuong 2: VAN DE NGHIEN CUU VA THIET KE
KIEN TRUC HE THONG AGV
3 | Tran Van Quéc Biao | Chwong 3: MO HINH HOA VA PHUONG PHAP
PIEU KHIEN AGV
4 | Tran Vin Qubc Bao | Chuong 4: XAY DUNG HE THONG DIEU HUONG

VA NE VAT CAN CHO XE TU HANH AGV

12. Céc ban vé, do thi (ghi ré cdc logi va kich thiede ban vé):

a. Phdn chung:

TT

Ho tén sinh vién

Noi dung

1

Tran Van Quoéc Bao




TT Ho tén sinh vién No6i dung
2 Lé Tuan Son
b. Phan riéng:
TT Ho tén sinh vién No6i dung

Lé Tuan Son

Ban v& Thiét ké, ché tao xe ty hanh, Khung xe, A4

Lé Tuan Son

Ban vé& Thiét ké ché tao xe tu hanh, Xe tu hanh, A4

Lé Tuan Son

Ban v& CAD ky thut chi tiét khung xe ty hanh

Tran Van Quoc Bao

Luu d6 thuat toan toan bo hé théng

13. Ho tén nguwoi huéng dan:

Phan/ Néi dung:

TS. Tran Thi Minh Dung

— Hudng dan lam thuyét trinh bao céo

du an

— Theo doi tién d6 cia du an

14. Ngay giao nhiém vu dé dn:  22/2/2025
15. Ngay hoan thanh dé dn: 24/6/2025
Pa Nang, ngay  thang 6 nam 2025
Truéng Bo mon Ty dong hoa Nguwoi hwéng din

TS. Giap Quang Huy TS. Tran Thi Minh Dung




DAI HOC DA NANG
TRUONG PAI HOC BACH KHOA
KHOA DIEN

CONG HOA XA HOQI CHU NGHIA VIET NAM
Ddc 1ap - Tu do - Hanh phuc

PHIEU KIEM SOAT TIEN PQ LAM PO AN TOT NGHIEP

(Phiéu danh cho ngudi huéng dan/sinh vién)

Ho tén sinh vién:

1. Tran Vin Qubc Bao — MSSV: 105200355 — Lép: 20TDHCLC1

2. Lé Tuin Son — MSSV: 105200468 — Lép: 20TDHCLC3

Tén dé tai DATN: Nghién ciru wng dung Al diéu khién xe tw hanh
Ho tén nguoi HD: Tran Thi Minh Dung

Don vi: PHBK-DHDN

Tuinl  Nea Khoi lwong GVHD
gay da thuc hién (%) tiép tuc thue hién (%) ky tén

1| 22/03/2025 5% 95%

2 | 29/03/2025 10% 90%

3| 05/04/2025 20% 80%

4 | 12/04/2025

Duyét 1an 1: Danh gia khdi lugng hoan thanh 30 %:

Puoc tiép tuc lam BDATN [1 Khong tiép tuc thuc hién BATN [

5 | 19/04/2025 40% 60%
6 | 26/04/2025 50% 55%
7 1 03/05/2025 60% 40%

8 | 10/05/2025

Duyét 1an 2: Danh gia khdi lugng hoan thanh 70 %:

Pugc tiép tuc lam DATN [ Khéng tiép tuc thuc hién DATN [

9 |17/05/2025 80% 20%
10 | 24/05/2025 90% 10%
11 | 31/05/2025 95% 5%




Duyét lan 3: Panh gia khdi lugng hoan thanh 90 %:

12 07/06/2025 Puoc tiép tuc lam DPATN [ Khéng tiép tuc thuc hién PATN [

13 | 14/06/2025 100% 0%

LOINOI PAU VA CAM ON

Trudc tién, em xin chan thanh giri 101 cam on séu sic dén quy thay c6 trong khoa Dién,
bo mon Tu dong hoa, truong Pai hoc Bach Khoa, da tin tinh giang day va trang bi cho
em nhiing kién thirc quy bau trong sudt qua trinh 5 nam hoc tap, 1a hanh trang vimng chéc
cho em trén con duong su nghi€p sau nay.

Dic biét, em xin bay to 1ong biét on chan thanh dén C6 Tran Thi Minh Dung 1a ngudi
da truc tiép hudng dan, tan tinh chi bao em trong subt qua trinh thyc hi¢n dd an. Vi su
kién nhan, c6 da khong nging dong vién, hd trg va dinh huéng gitip em vuot qua nhiing
kho khin, hoan thanh db 4n mot cach t6t nhat.

Do han ché vé& mit kién thuc, thoi gian va kinh nghi¢ém thyuc té, trong qua trinh thyc hién
d6 an, nhom em kho tranh khoi nhitng thiéu st mong dugce quy Thay/Co gop ¥, chi bao
dé em rat kinh nghiém va co diéu kién hoan thién thém kién thirc cho minh, nham phuc

vu tot hon cong vi¢c sau nay.

Nhom xem xin chan thanh cam on!




LOI CAM POAN LIEM CHiNH HQC THUAT

Chung t6i xin dugc cam doan dé tai: “Nghién ctru tng dung Al diéu khién xe tw hanh”
13 sy nghién ctru dudi sy huéng dan cua giang vién TS. Tran Thi Minh Dung. Ngoai ra
khong co bét ¢ su sao chép cia ngudi khac. Noi dung bao céo 14 san phdm ma céac
thanh vién trong nhom da nghién ctru thuc hién trong qua trinh thyc hién d6 an. Céc sb
lidu, két qua trong bao cdo la hoan toan trung thuc, nhdm xin hoan toan chiu trach nhiém,

ky luat cia b mon, khoa va nha trudong néu co6 van dé xay ra.

Sinh vién thuc hién Sinh vién thuc hién

Lé Tuan Son Tran Van Quoc Béao
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DANH SACH CAC KY HIEU, CHU VIET TAT

KY HIEU:

b: khoang cach tir tAm truc dén 2 banh xe

R: ban kinh banh xe

d: 1a khoang cach tdm truc banh xe dén tim Robot
8: gbc quay cua robot

Xw, Yw: hé toa do toan cuc

X, Yr : hé toa do robot

X, y: vi tri cua tdm truc banh xe trong h¢ toa do toan cuc
w: téc d6 goc quay cia xe

V,: van toc theo hudng di cua xe

V,: van tbc ngang

Tea Tga : Véc-to vi tri tir diém C dén diém A va vector vi tri tir diém B dén diém A
VA) : van toc tiép tuyén tim banh xe

73) : van tiép tuyén tai tim banh xe phai

VC) : van tiép tuyén tai tim banh xe phai

¢, van tbc goc banh phai

¢, van toc goc banh trai

X, y, 0 : van toc tuyén tinh va goc quay cia robot trong hé toa do thé gisi

V;: van toc robot khi tim xe khong nam & truc banh xe

L: ham Lagrange cua hé

q: vector toa do tong quat

C(q): ma tran rang budc Pfaffian

A: nhan tor Lagrange



Q 12 lyc téng quat tac dong ciia hé
§: vector van toc tong quat

K.: dong nang khung xe

I;: momen quan tinh cua robot (khung xe) quanh truc z qua trong tam (QG)
m: khéi lugng robot

0,,: van toc gdc cua banh xe khi bao gdm chuyén dong quay cua robot
I,: tensor quan tinh toan cuc

IS tensor quan tinh gan voi vat

Kpr: dong nang banh phai

K; : dong nang banh trai

my: tong khbi luong xe khi chuatair
m,,: khdi luong banh xe

mg: khdi luong khung xe

I téng momen quén tinh quay

T4, Tpla luc tdc dong 1€n banh xe

R,: dién tré phan ung

L, : di¢n cdm cudn day

E,: suat dién dong cam ung

I, : dong dién dat trong tur truong
K, : hé s6 cau tao

¢ : tir thong

M g¢: momen dién tur

M_.: momen can

q,: toa do mau

ep: sai léch toa do

F¢: lyc ma sat lan

w: HE s0 ma sat lan v&i bé mat san bé tong



g: Gia téc trong trudng

G,: thanh phan trong luc theo phuong chuyén dong
F;: luc quan tinh khi tang tdc

F,: tong lyc kéo can thiét

P: cong suit

(Xt—1,Yi—1,0¢—1): trang thai trude cia Robot
z!: khoang cach va goc giira robot va landmark
6x 1a budc cap nhat nhd.

X,: mau Particle tam thoi

Wgnore: trong sd ngin han

Wiong: trong s6 dai han

Prandom: Xac suat thém Particle ngau nhién
(Xtidar» Viidar): V1 tri vat can trong hé robot
(Xtidar» Yiidar): V1 tri vat can trong hé robot

Trobot—map: Ma tran dong nhat 4x4 mo ta vi tri va hudng cuia robot trong ban do

CHU VIET TAT:

AV: Autonomous Vehicle (Xe ty hanh)

ROS: Robot Operating System (Hé théng van hanh Robot)

PID: Proportional Integral Derivative (B diéu khién vi tich phan ti 1¢)

SLAM: Simultaneous Localization And Mapping (Pinh vi va v& ban d6 dong thoi)
AMCL: Adaptive Monte Carlo Localization (Pinh vi Monte — Carlo thich nghi)
MCL: Monte Carlo Localization (Pinh 1i Monte — Carlo)

LIDAR: Light Detection And Ranging (Xéc dinh anh sang va pham vi)

PWM: Pulse Width Modulation (Piéu ché do rong xung)

DC: Direct Current (DPién mét chiéu)

OMG: Occupancy Grid Maps (Ban dd lué6i chiém dung)



UART: Universal Asynchronous Receiver/Transmitter (Giao thirc goi tin ngudi dung)
PF: Particle Filter

AGV: Automation Guided Vehicle (Xe tu hanh theo duong di ¢ dinh)

AMR: Autonomous Mobile Robot (Robot di dong tu dong)

MQTT: Messeage Queing Telemtry Transport (Giao thirc truyén thong MQTT)
KBBC: Kinematics Based Backstepping Controller

YOLO: You only look one

DDMR: DIFFERENTIAL DRIVE MOBILE ROBOT (Robot di dong vi sai)
Al: Artificial Intelligence

CSI: Camera Serial Interface

Rviz2: Ros Visualization 2

CPU: Central Processing Unit

IOT: Internet of things



Nghién cieu g dung Al diéu khién xe tw hanh
MO DAU

1. Muc dich thue hi¢n dé tai

Trong bbi canh cac dich bénh truyén nhiém nguy hiém nhu COVID-19, Ebola hay cim
A/H5N1 ludn tiém an nguy co tai bung phat, viéc dam bao an toan tuyét di trong cac
khu vire cach ly trd thanh mot yéu cau bat budc, khong chi ddi v6i ngudi bénh ma con
dbi v6i toan bod luc lugng y té. Mot trong nhitng thach thire 10n nhit 13 1am sao duy tri
dugc chudi cung tng thude men, vit tur y té va nhu yéu phdm mét cach lién tyc, chinh

xac ma khong tao thém nguy co 1ay nhidm chéo théng qua tiép xtc ngudi — ngudi.

Pai dich COVID-19 d3 phoi bay rd nhitng giéi han trong cach thirc to chtrc van hanh
khu cach ly truyén thong: hang ngan nhan vién y té phai tiép xuc truc tiép v4i bénh nhan
chi dé thuc hién céc cong viéc lap di lap lai nhu dua thudc, giao thuc phém, chuyén mau
xét nghiém; diéu d6 lam gia ting mirc do 1y nhiém chéo. Khi strc ngudi 1a hitu han, va
rii ro lay nhiém 1a hién hitu, viéc 4p dung hé thong xe ty hanh dé dam nhén céc tac vu
van chuyén khong con 13 lira chon phy, ma 1a mot 10 giai thiét yéu. Trong bdi canh do,
dé tai hudng t6i “Thiét ké va trién khai xe tu hanh thong minh phuc vu van chuyén thude
va vat tu y té trong khu vuc cach ly” duoc hinh thanh véi mot muc tiéu cap thiét: giam
thiéu t6i da sy tiép xuc truc tiép gitta nguoi v6i nguoi, qua d6 bao vé su an toan cia
nhan vién y té, dong thoi dam bao chudi cung Gng thude va vat tu y té dién ra lién tuc,
chinh xac va hiéu qua.

Khong chi don thuan 1a mot phuong tién van chuyén, xe tu hanh trong dé tai nay la su
két tinh ctia cac cong nghé tién tién: tri tué nhan tao (AI) gitp nhan dién va ra quyét dinh
thong minh, SLAM dé xay dung ban d6 va dinh vi trong khong gian hep, thuat toan diéu
huéng A* dam bao tim dudng di toi uwu ngay ca trong méi trudng phic tap, va cam bién
LiDAR hd tro phét hién vat can v6i d chinh xéc cao. Tét ca hoi tu thanh mot hé théng
thong minh, c6 thé hoat dong bén bi trong moi truong doi hoi do tin cdy va an toan tuyét
doi.

Lua chon dé tai nay khong chi xuat phat tir khat vong chinh phuc cong nghé, ma con la
su cam két ciia nhom thue hién ddi véi trach nhiém x3 hoi — mang cong ngh¢ dén ding
noi can nhat, phuc vu con ngudi trong hoan canh kho khan nhat. Bé tai huéng dén tuong

lai ma cong nghé khong chi hién dién trong cac day chuyén san xuat hi¢n dai, ma con
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Nghién cieu g dung Al diéu khién xe tw hanh
hién hitu & nhitng noi dang can sy hd trg thim ling, nhung mang ¥ nghia séng con. véi
tinh tmg dung cao, dinh hudng rd rang va nén tang cong nghé vimng chic, dé tai nay
dugc ky vong s€ gop phén thiét thuc vao viéc hién dai hoa hoat dong y té, dic biét trong
bbi canh cac thach thirc vé an toan va nhén lyc ngay cang gia tang.

2. Muc tiéu dé tai

— Nghién ciru thanh cong dé tai xe ty hanh.

— Tao ra mot san pham hoat dong linh hoat c¢6 kha ning thich ing v6i méi truong,
mg dung dugc thuc té trong doi sdng hing ngy.

— Thiét ké robot ty hanh c¢6 thé hoat dong duoc véi cac thuat toan trén Ros2 dé:
xay dung ban dd, di chuyén téi vi tri ban d6 theo diém dit, tranh vat can, di
chuyén theo dudng di ngan nhat, c6 thé st dung Al trong d6 an.

3. Pham vi va d6i twong nghién ctru

Pham vi:

Nghién ctru va ché tao xe tu hanh. Robot tu hanh hoat dong trong diéu kién dia hinh
bang phang, khong truot:

— Khébi luong tong ctia Robot udce tinh: 11.5kg

— Van toc di chuyén t6i da: 0.8 (m/s)

— Thoi gian lam viéc udc tinh: 5 (g10)

Poi twong nghién ciru:

—  Hé thong robot ty hanh sir dung nén tang ROS 2.

—  Céac thuat toan diéu khién va diéu hudng hién dai phut hop cho robot DDMR trong
moi trudng thuce té.

—  Céc cong nghé hd tro nhu: cam bién LIDAR, camera Al, vi diéu khién nhung, b
truyén dong DC encoder.

- Cac phén mém hd trg phat trién nhu Gazebo, RViz, ROS 2 packages, YOLOVS,
va phan mém mo phong mo hinh diéu khién.

4. Phuwong phap nghién ciru
—  Khao sat 1y thuyét va cong nghé: Tim hiéu tong quan vé xe tu hanh cung céc

cong nghé lién quan nhu hé thong diéu khién ty dong, dién tur, co khi va cam
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Nghién cieu g dung Al diéu khién xe tw hanh
bién. Dong tho1, nhom cling nghién ctiru cac mo6 hinh AMR da duogc trién khai va

mg dung thuc té.

— Nghién ctru tai liéu chuyén nganh: Trong sudt qua trinh thyc hién, nhém thuong
xuyén tham khéo céc tai liéu hoc thuat, sach k¥ thuat, bai bao va cac cong trinh
nghién ctru c6 lién quan dé nang cao kién thirc chuyén moén va hd tro qua trinh

thir nghiém thuc té.

—  Thiét ké: Str dung phan mém Inventor thiét ké mé hinh 3D cuia xe va khung xe
AMR.

—~ Gia cong va ché tao: Dua trén mo hinh thiét ké trén Inventor. Tién hanh v& ban
v& cit nhya mica bang Auto Cad sau d6 tién hanh gia cong va lap rap toan bo

linh kién dé hoan thién xe.

— Luya chon cong nghé va gidi phap k¥ thuat: So sanh va danh gia cac cong ngh¢
kha thi dé thiét ké va ché tao AMR nhu loai dong co phu hop, giao thirc truyén

thong, cam bién va nén tang phan mém diéu khién.

—  Xé&c dinh muc ti€u nghién ctru: Lam rd dinh hudng va dat ra nhitng muc tiéu cu
thé cho qua trinh thyc hién do an tt nghiép.

—  Thu nghiém va danh gia: Tién hanh céc thi nghiém va thir nghiém trén méi trudng
a0 va thyc té dé kiém tra va danh gia hiéu sut cia cong nghé va giai phap xe tu
hanh

— Phan tich va dinh huéng phat trién: Nhom danh gia cac két qua da dat duogc, xac
dinh nhitng diém con han ché va dé xuét cac giai phap cai tién hodc dinh hudng

mo rong trong tuong lai.
5. B6 cuc dd an
CHUONG 1: TONG QUAN VE XE TU HANH

Trinh bay khéi niém, vai trd va ung dung thuc tién ctia xe ty hanh; phan tich cac han ché
cia AGV truyén théng va xu huéng phat trién sang AMR cuing cic cong nghé nén tang
lién quan. Tham khao mot s6 nghién ctru trong va ngoai nudc nham bo sung goéc nhin

téng quat va lam co so dinh huéng cho dé tai.
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Nghién cieu g dung Al diéu khién xe tw hanh
CHUONG 2: NGHIEN CUU VA THIET KE KIEN TRUC HE THONG XE
TU HANH
Xac dinh bai toan nghién ctru, phan tich cc thach thirc k¥ thuat trong diéu hudéng, cam
bién va diéu khién. D& xuét giai phap cong nghé va thiét ké kién trac tong thé cua hé
thdng xe ty hanh thong minh.

CHUONG 3: MO HINH HOA VA CAC PHUONG PHAP PIEU KHIEN
Mo hinh héa dong hoc, dong luc hoc va dong co. Trinh bay cac phuong phap diéu khién
nhu PID va Backstepping nham dam bao 6n dinh va chinh xac cho hé théng.

CHUONG 4: XAY DUNG CHUC NANG PIEU HUONG VA NE VAT CAN
CHO XE TU HANH

Xay dung hé théng diéu hudng dya trén camera,LiDAR va stir dung cac thuat toan nhu
YOLO, SLAM, A*,Costmap,AMCL. Tich hop thuat toan diéu khién dé xe ty hanh c6
thé bam dudng di va phan Gng nhanh véi méi trudng dé dam bao kha ning tir hanh hiéu
qua.

CHUONG 5: THI CONG

Trinh bay qué trinh lya chon thiét bi, trién khai phan mém diéu khién va tién hanh kiém
thir m6 hinh xe trong ca méi truong thuc té va mo phong.

CHUONG 6: KET LUAN

Téng két cac noi dung da thyuc hi¢n, néu rd wu diém va han ché cua nghién ctru. Pé xuit

cac hudng phat trién trong twong lai nhim nang cao hiéu qua, do chinh xac va kha niang

mg dung cua hé thong xe ty hanh.
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Nghién ciru iing dung Al diéu khién xe tw hanh

CHUONG 1: TONG QUAN VE XE TU HANH

1.1 Tong quan vé xe tw hanh
1.1.1 Xe tw hanh la gi?

Xe tyr hanh (Autonomous Vehicle — AV) 1a phuong tién c6 kha ning tir di chuyén va thuc
hién nhiém vy ma khong can su diéu khién truc tiép tir con ngudi. Thong qua viée tich
hop cac cong nghé hién dai nhu cam bién (LiDAR, camera, GPS), tri tu¢ nhan tao (Al)
va cac thuat toan dicu khién tu dong, xe ty hanh co thé ty nhan biét moi truong xung
quanh, phat hién vat can, 1ap ké hoach duong di va di chuyén dén vi tri mong mudn mot
cach chinh x4c va an toan. Trong bdi canh cong nghiép 4.0, xe ty hanh dang try thanh
mot giai phap thong minh, gop phan tu dong hoa cac quy trinh van chuyén trong nhiéu
linh vuc nhu logistics, y té, nong nghiép va san xuat.

Y

Hinh 1.1: Robot di dong ty hanh (Autonomous Mobile Robot — AMR)

1.1.2 Pham vi vrng dung va vai tro hién tai cvuia xe tw hanh
1.1.2.1 Kha nang wng dung cua xe tu hanh

Xe ty hanh c6 tiém nang (mg dung rdng rii trong nhiéu linh vuc khac nhau:
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Nghién ciru iing dung Al diéu khién xe tw hanh

—  Giao thong cong cdng: Xe buyt hoic taxi ty hanh giup giam Un tic va ning cao

muc do an toan giao thong do thi.

/il | s
Hinh 1.2: Mercedes - Benz Future Bus — Xe buyt tw hanh dau tién trén thé gisi

Véan tdi hang héa: Xe tai ty hanh dugc st dung trong linh vuc logistics va cac
khu cong nghiép dé van chuyén hang héa, giam chi phi lao dong va ting hiéu qua

van hanh.
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Hinh 1.3: Ung dung cua xe tu hanh trong nha kho thong minh

Quén su: AV (Autonomous Vehicle) phuc vu cic nhiém vu nguy hiém nhu trinh

sat, van chuyén vat tu trong vung chién sy, giam rui ro cho con nguoi.
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Nghién ciru iing dung Al diéu khién xe tw hanh

Hinh 1.4: Robot tu hanh st dung trong quan sy
~ Y té: Xe tu hanh hd trg van chuyén thudc, trang thiét bi, tham chi bénh nhan
trong bénh vién hoic xe cip ctru ty 14i cho céc tinh hudng khan cap.

b‘“ ~‘= "oy

‘\4-

Hinh 1.5: Vibot - Robot y té hién dai dugc lap dit tai bénh vién Bach Mai khu vuc cach
ly bénh nhan covid-19

~ C4a nhén: Cac hé théng xe tu hanh hd tro nguoi cao tudi, ngudi khuyét tat di

chuyén an toan va thuan tién hon trong sinh hoat hang ngay.
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Nghién ciru iing dung Al diéu khién xe tw hanh
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Hinh 1.6: Xe lan dién Avest tai Tokyo
1.1.2.2 Muc dich sir dung chinh ciia AV trong doi song
Muc dich chinh ciia xe ty hanh (A V) 1a thay thé con ngudi trong cac nhiém vu di chuyén,
giam sat va van chuyén tu dong, dac biét trong cdc mdi truong lap di 1ap lai, nguy hiém
hodc doi hoi d6 chinh xac cao. Vi kha nang tu dinh vi, tu lap ké hoach duong di, tranh
vat can va phan ng linh hoat, AV ngay cang dugc (mg dung rong rii nham:
—~ Tw dong héa quy trinh van chuyén trong kho xudng, nha may, bénh vién, san
bay va cac toa nha thong minh.
— Ting hi¢u suit lao ddng, t6i wu hoa thoi gian xir Iy va giam chi phi nhan cong.
— NAang cao mirc d an toan, han ché sy can thiép ctia con nguoi vao cac khu vuc
doc hai, nguy hiém hodc khong gian hep.
—  Giam sat khong gian, tuin tra ty dong, phat hién sy ¢6 va hd tro thu thap dir liu
tai cac vi tri kho tiép can hodc nguy hiém.
— Ting tinh linh hoat trong van hanh, dé dang thay d6i 16 trinh ma khong can
sira doi co s¢ ha tang vat 1y.
— T6i wu quén Iy vin hanh trong hé théng théng minh, khi duoc két ndi voi IoT,
hé théng diéu phdi hodc phan mém quan Iy trung tam.
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Nghién ciru iing dung Al diéu khién xe tw hanh

Tém lai, xe ty hanh dugc ng dung dé lam cho céc hoat dong tré nén ty dong, an toan

va hiéu qua hon trong doi séng hién dai.
1.1.3 Trién vong cong nghé va mé rong teng dung ciia xe tw hanh

Xe tu hanh (Autonomous Vehicle — AV) 1a khai niém bao quat nhiéu loai phuong tién
tr dong di chuyén, trong d6 phd bién nhét hién nay 1a AGV (Automated Guided Vehicle)
va AMR (Autonomous Mobile Robot). AGV 14 thé h¢ AV truyén thong, trong khi AMR
dugc xem 1a xu hudng phat trién hién dai nho kha nang diéu hudng linh hoat va thong
minh hon.

1.1.3.1 Han ché ciia AGV truyén théng
AGV (Automated Guided Vehicles) 1a phuong tién ti dong st dung duong dan cb dinh
nhu bang tur, day dan hoic ma QR dé van chuyén vat li¢u trong nha may, kho bai. Du
gitip ting hiéu suét va giam chi phi lao dong, AGV truyén thong van con nhiéu han ché,
thuc déy su phat trién cua cac cong ngh¢ ty hanh linh hoat hon.
a. Duong di ¢é dinh, phu thudc vao vach tir, mi OR hodc dii tir tinh
AGV truyén thong sir dung cac hé thong dan dudng ¢ dinh nhu bang tir, diy dan, hoic
mé QR dé diéu hudng. Piéu nay gidi han kha ning linh hoat ctia ching trong viéc thich

nghi vi cac thay doi vé bo tri hodc moi truong lam viéc. Khi bo tri nha may hoac kho

bai thay doi, toan b hé thong dan duong can dugc tai cdu hinh, giy ton kém thoi gian

NAVIGATION TECHNOLOGY

va chi phi [1].

MOBILE ROBOTS (AGV&AMR)

Hinh 1.7: Céc cong nghé diéu hudng duoc st dung trong robot di dong
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Nghién cieu g dung Al diéu khién xe tw hanh
b. Khéng phén teng tét véi moi trwong linh hoat

Do phuy thudc vao cac dudng dan cb dinh, AGV truyén thong khé thich nghi khi c6 thay
d6i bat ngo trén duong di, nhu vat can dot xuat hodc thay doi trong bd tri mat bang [1].
Trong céc trudng hop nay, hé thong thuong can con ngudi can thiép dé xir 1y, giy gian

doan hoat dong — ddc bi€t trong modi truong dong nhu kho hang hodc nha may dong duc.

Bén canh d6, AGV truyén thong thuong sir dung cac bo diéu khién don gian, khong khai
thac ddy dtt mé hinh dong hoc va trang thai van hanh tirc thoi cua xe [1]. Piéu nay dan
dén phan (g cham hodc thiéu chinh xac trudc cac tinh huéng bat dinh, 1am giam do on

dinh va chinh x4c ctia qua trinh di chuyén.
c. Chi phi dau tw cao cho mét s6 mé hinh chuyén bigt

Pbi voi cac ung dung yéu cau ciu hinh dic biét nhu tai trong 16n, moi truong khic
nghiét hoac diéu kién hoat dong lién tuc, viéc trién khai AGV truyén théng doi hoi cac
thiét ké riéng biét vé co khi, cam bién va phan mém diéu khién [2]. Piéu nay lam gia

tang dang ké chi phi dau tu ban dau.

Bén canh do, ha tﬁng di kém nhu hé théng dan huéng, mang cam bién cb dinh hodc
trung tam diéu phdi thudng phuc tap va khé mé rong. Khi ¢6 nhu cau thay doi quy trinh
hoac mat béng san xuat, viéc tai cdu hinh AGV va ha tﬁng h trg di kém ciing tén nhiéu

thoi gian va chi phi, lam gidm tinh linh hoat trong dai han [2].
d. Thiéu kha ning twong tic thong minh

AGV truyén théng thiéu kha nang nhan dién vat thé hodc diéu kién bat thuong ma khong
c¢6 su hd tro ciia Al 1am han ché kha nang tu chi va hiéu qua [3]. Chung khong thé dua
ra quyét dinh dua trén dir liéu méi truong thoi gian thuc, dan dén viéc khong thé thich
g véi cac tinh hudng phirc tap [3].

Tém lai, mic du AGV truyén thong da dong vai trd quan trong trong tw dong hoa cong
nghiép, nhung cac han ché vé tinh linh hoat, kha ning phan tng, chi phi trién khai va
tich hop thong minh dang dan boc 16 rd. Nhimng yéu té ndy tao ra nhu cau cap thiét cho
cac giai phap xe ty hanh tién tién hon nhu AMR — vdn ¢6 kha nang ty dinh vi, tranh vat

can, tuong tac linh hoat va dé dang thich nghi v6i méi truong hién dai.
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Nghién cieu g dung Al diéu khién xe tw hanh

1.1.3.2 Xu hwong phdt trién va trién vong trong twong lai

a. Xu hwong phdt trién AGV sang AMR

Trong boi canh Cong nghiép 4.0, cac hé thdng robot di dong tir hanh (AMR) dang dan

thay thé AGV truyén théng nhd kha ning thich nghi linh hoat va mirc d6 tw dong hoa

cao. Mot s6 xu hudng phit trién n6i bat cia AMR hién nay bao gom:

Téang mirc do tw chii: AMR ngay cang thong minh nho tich hop tri tué¢ nhan tao
(AI), cho phép tur dinh vi, tranh vat can, hoc hoi va ra quyét dinh t6i wu theo thoi

gian thuc.

K¢ét noi hé thong toan dién: AMR c6 kha ning tich hop véi cac nén tang quan
Iy nhu WMS, ERP, gitp t6i wu ludng van hanh va diéu phdi.

Mé rong cam bién: AMR hién dai tich hop thém cac cam bién méi truong (nhiét
do, khi doc, do ém...) dé phuc vu nhiéu tac vu hon ngoai vi¢c di chuyén.

Thiét ké mo-dun, dé tuy bién: Cau tric mo cho phép dé dang thay d6i phan
cting hodc bo sung tinh ning theo yéu cau ung dung.

Ung dung da nganh: AMR khong chi gidi han trong cong nghiép ma con mo

rong sang y t&, nong nghiép, ban 1¢, hdu can va an ninh.

Xu hudng chung 13 huéng dén cac hé théng AMR c6 tinh linh hoat, thong minh, két

nbi manh va kha ning thich nghi cao, dap tng t6t cac moi truong van hanh ngay

cang phuc tap va bién dong.

b. Trién vong twong lai

Trong tuong lai, robot di dong tu hanh (AMR) dugc ky vong s€ dong vai tro trung tam

trong qua trinh ty dong hoa va chuyén doi s6 ¢ nhiéu linh vuc khéac nhau:

Trong cong nghi¢p: AMR sé& dan thay thé lao dong thu cong trong cac tic vu
van chuyén noi bd, gop phan tdi wu hoa chi phi, nang cao hiéu suat va ting kha

ning thich ing voi thay doi trong san xuat [3].

Trong y té: AMR c6 thé hd trg van chuyén mau bénh pham, vat tu y té va thuc
hién cac nhiém vu khir tring trong méi truong vo tring, han ché tiép xtc truc

tiép gilra ngudi véi moi trudng rui ro [4].
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— Trong dé thi théng minh: Cac robot AMR s& dam nhiém vai tro giao hang, tuan
tra an ninh hodc huéng dan trong cac trung tdm thwong mai, san bay va tda nha
16n [5].

— Trong giam sat mdi trwong: AMR tich hop cam bién mdi truong (nhiét dg, khi
doc, do ém...) dé hoat dong hi¢u qua tai cac khu vuc nguy hiém hoidc kho tiép can

nhu ham mo, nha may hoa chat hodc ving thién tai [6].
Vi kha niang hoc hoi, thich nghi va mé rong chirc nang, AMR duoc xem 1a nén tang
cdt 18i ciia cac hé théng robot thong minh thé hé méi, hira hen gop phan nang cao chat
lugng sdng, hiéu qua van hanh va mirc d6 an toan trong nhiéu linh vuc cia doi séng
hién dai.
1.2 Céc nghién ciru qudc té va trong nuwéc vé xe tu hanh
1.2.1 Cic nghién ciru ngodi nwéc da dwoc trién khai

Xe tu hanh hién da dugc trién khai trong nhiéu ung dung thuc té, bao gém:

— Y té: Trong nghién ctru ciia Cheng va cong su [7], di chi ra: Robot di dong tu
hanh (AMR) van chuyén thudc, mau xét nghiém, hodc vat tu y té trong bénh vién,
giam khéi lugng cong viéc cho y ta, sir dung anh sang UV-C dé khir tring phong
bénh, giam nguy co lay nhiém (dic biét trong dai dich COVID-19) tai Trung
Qudc, hd tro bénh nhan trong cac bai tap vat 1y tri liéu, giam cing thang cho nhan
vién y té.

— Giam sat méi trudomg: Goutam Mukherjee [8] AMR tich hop cam bién (nhiét
dd, khi doc, do Am, chat 6 nhiém) dé giam sat chat luong khong khi, nuéde, va dat
& cac khu vuc nguy hiém nhu nha may hoa chét, hAm mo, hodc ving 6 nhiém.

— Quan ly tai nguyén thién nhién: Drone giam sat cac khu vyc c6 nguy co cao
(sat 10 dat, nui lira) dé canh bao sém. AMR trén mat dat kiém tra khi metan trong

mo than, giam nguy co chay nd [8].
1.2.2 Cdc nghién ciru trong nwéc vé xe tw hanh
Tai Viét Nam, nghién ctru vé xe tu hanh dang ¢ giai doan khoi dau, v4i sy tham gia ciia
cac truong dai hoc, vién nghién ctru va doanh nghiép cong ngh¢. Du con khoang cach
s0 v6i cac qudc gia phat trién, mot sé don vi trong nude di dat duoc nhitng budc tién
dang chu y:
—  Phenikaa Group: Nam 2021, Phenikaa ra mét xe ty hanh cép do 4 dau tién tai
Viét Nam, c6 kha nang nhan dién bién béo, nguoi di b va tu diéu chinh tdc do
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theo tuyén dudng. Dy an do Phenikaa Group, PH Phenikaa va Phenikaa-X phéi
hop thyc hién, da thir nghiém tai nhiéu khu vuc nhu Khu d6 thi Binh Duong [9].

- FPT Software: Tu 2017, FPT phat trién xe tu hanh cép do 2 va hién tiép tuc
hoan thién cac tinh ning nhu dinh vi GPS, phan hdi diéu khién, phanh tu dong.
Cong ty dinh huéng phat trién xe SDV tng dung Al va di dugc cip phép thir

nghiém tai cac khu cong ngh¢ cao [10].

Viét Nam hién van trong qua trinh xay dung khung phap 1y phu hop cho xe ty hanh, véi
trong tdm nghién ctru hién nay la cac giai phap k¥ thuat va ddm bao an toan trong moi
truong thir nghi¢m.

1.3 Tich hop Al, SLAM, b$ diéu khién phi tuyén, thuit toan A* va cic cong
nghé hién dai: Nén ting cong nghé cho xe tw hanh théng minh

Trong cac hé théng AMR hién dai, viéc tich hop A, SLAM, bo diéu khién phi tuyén,
thuat toan A* va nhiéu cong nghé bo trg khac 1a chia khoa gitp robot di chuyén tu chi,

linh hoat va an toan trong moi trudng phirc tap nhu bénh vién, nha may, kho logistics.
a. Tri tué nhan tao (AI) — Nhin thivc va ra quyét dinh thong minh
Al dong vai tro trung tdm trong viéc xt 1y dir liéu cam bién va dua ra hanh vi di chuyén:

— Nhan dién nguoi, vat thé, pallet... tir camera, LIDAR nho cac mo hinh hoc sau
(YOLOVS, CNN).

-~ Du doan tinh huéng, tranh va cham va diéu chinh hanh vi theo thoi gian thyec.
— Phan tich dit lidu hoat dong dé bao tri dy doan va t6i wu van hanh.

b. SLAM — Pinh vi va lgp bin dé thoi gian thue

Trong mdi truong khong c6 GPS, SLAM gitip AMR dinh vi va cip nhat ban do:
—  Xéc dinh chinh x4c vi tri va xdy dung ban d6 moi truong khong c6 GPS.

~ Céap nhat ban dd khi méi truong thay ddi, hd tro Al va thuat toan A* trong diéu
hudng.

c. B diéu khién phi tuyén — On dinh va thich nghi
Bo diéu khién phi tuyén gitip AMR hoat dong hiéu qua trong diéu kién khong 1y tudng:
- Xuly diéu kién bit dinh nhu ma sat, tai trong, mat san khong déu.

~  Duy tri quy dao chinh xéc, giam tiéu hao ning luong va nang cao d bén thiét bi.
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d. Thudt todn A — Lap ké hoach dwong di téi wu*
A* 13 thuat toan diéu hudng hiéu qua cho AMR trong méi trudng dong:
—  Tim dudng ngan nhat véi do an toan cao.
~  Két hop véi ban d6 SLAM dé thich nghi v&i méi trudng thay doi lién tuc.
e. Sensor Fusion (Téng hop cim bién)

pé nang cao dJ chinh xac trong nhéan thirc va dinh vi, AMR st dung co ché téng hop

dir liéu tir nhiéu loai cam bién khac nhau:
~ Két hop LiDAR, camera RGB-D, IMU, siéu am... dé ting do chinh xac nhan
thirc moi truong.
—  Cam bién encoder va IMU gitp cai thién dinh vi va kiém soat chuyén dong.
f. H¢ théng giao tiép va diéu phéi

Hé thong két ndi va diéu phdi gitt vai trd quan trong trong viéc dam bao AMR hoat dong

lién tyc, 6n dinh va tich hop véi cac nén tang diéu hanh chung:
~ ROS/ROS2: Nén tang ma ngudn md dé tich hop cac thanh phan robot.
—  Két ndi khong day (WiFi 6, 5G): Giao tiép nhanh, on dinh trong méi trudong 16n.
~  Giao thitc MQTT, OPC-UA: Tuong thich véi hé théng giam sat cong nghiép
hodc quan ly bénh vién.
g. Diéu phoi da robot & lgp lich théng minh
Khi trién khai nhiéu AMR cung luc, can c6 hé thong diéu phéi dé dam bao hiéu suét va
an toan:
— Hé thong diéu phdi tap trung hodc phan tan gitp cac AMR tranh va cham va tbi
wu hiéu sut.
—  Ung dung Swarm Intelligence hoic Task Assignment Algorithms

1.4 Co sé dinh huwéng cho dé

Trong qua trinh hién dai hda cong tdc van hanh ndi bd, cac hé théng AGYV (Automated
Guided Vehicle) truyén thong timg dong vai trd quan trong, song dang dan boc 16 nhidu
diém han ché: phu thudc vao duong dan ¢ dinh, thiéu kha nang thich tng vdi moi

truong thay ddi, phan tng cham trude tinh hudng bat ngd, va kho tich hop véi cac nén
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tang diéu phdi thong minh. Nhirng nhuoc diém nay khién AGV khoé dap tmg duoc cac

yéu cau ngay cang linh hoat va phirc tap trong moéi truong dich vy, dic biét 1 bénh vién.

Nguoc lai, robot di dong ty hanh (AMR — Autonomous Mobile Robot) ndi bat nho kha
nang ty dinh vi, ty tranh vit can va 1ap ké hoach dwong di toi wu. Dic biét, khi dugc
tich hop cac cong ngh¢ 161 nhu Al (tri tué€ nhan tao), SLAM (Simultaneous Localization
and Mapping), thuat toan tim duong A*, bo diéu khién phi tuyén va nén tang ROS, AMR
c6 thé hoat dong hiéu qua, an toan va thich nghi trong moi truong y té nhay cam — noi

yéu cau khat khe vé chinh xac, v¢ sinh va giam ti€p xic con nguoi.

Tir thuc tién trién khai AMR tai cac co sd'y té qudc té va phan tich nhu cau tai cac khu
diéu tri cach ly trong nudc, nhém nghién ciru xac dinh hudng phat trién mot hé thong
AMR thong minh phuc vu van chuyén thudc, vat twy té va miu bénh pham. Hé thong
nay sé giai quyét bai toan nhan lwe, gidm nguy co ldy nhiém chéo, dong thoi tan
dung hi¢u qua cic cong nghé hién dai dé van hanh tw dong, linh hoat va c6 kha ning

mo rong trong tuong lai.

Muc tiéu cudi cung 13 thiét ké va trién khai mot giai phap robot y té c6 kha nang tu hanh
thuc su, hoat dong on dinh trong cac khu cach ly — gop phan nang cao hiéu qua van
hanh, ting cuong nang luc phong chéng dich va hién dai hoa ha ting bénh vién trong ky

nguyén chuyén doi sé.
1.5 X4y dwng quy trinh nghién ciru hé thong xe tw hanh

Dé dam bao qua trinh thiét ké va phat trién hé théng xe tu hanh dién ra mot cach khoa
hoc, hiéu qua va c6 tinh tmg dung thuc té cao, nhom nghién ciru da xay dung mot quy
trinh nghién ctru gdm nhiéu giai doan ké tiép nhau, tir khao sat thyc tién, phan tich yéu
cau, dén thiét ké, phat trién va thr nghiém hé thong. Quy trinh ndy dugc xay dung dua
trén cac nguyén tic nghién ctru — phat trién (R&D) hién dai, két hop gitra Iy thuyét nén

tang va thyc tién trién khai trong méi trudng tmg dung cu thé 1a khu vuc cach ly y té.
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Nghién ciru xe te

hanh

Chwong 1: Khao sat, phin
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cong nghé va dva trén cac
nghién ciru trong va ngoai
mede lam co sa dinh hiedng
dé tai
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Chwong 2: Xac dinh
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thong. Xay ding so
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trién tirong lai cua
hé thong

va dinh huong phat |_
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chirc nang difu
hwdéng va né vat can
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dira trén cac thuat
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Chl.rcmg 3: Tha
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thir nghiém thire té

Hinh 1.8: Quy trinh nghién ctru va phat trién hé théng xe ty hanh.
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CHUONG 2: NGHIEN CU'U VA THIET KE KIEN TRUC HE THONG
XE TU HANH

2.1 Pit van dé

Trong hé¢ théng cham soc suc khoe hién dai, viéc van chuyén thudc, vat tu y té va mau
bénh ph'flm gifra cac khu vyc chirc nang — dac biét tai cac khu cach ly hay khu diéu tri
bénh truyén nhiém — 1a mot mét xich quan trong nhung thudng khong duoc chu trong
daung mirc. Tuy chi 13 cong viéc lap di lap lai véi yéu cau ki thuat don gian, nhung nhiém
vu nay doi hoi tinh chinh x4c cao, ding thoi gian va dam bao tuyét d6i vé an toan sinh

hoc.

Hién nay, phén 16n hoat dong van chuyén trong bénh vién van do nhan vién thuwe hién
thil cong — mot mé hinh tiéu ton nhan lire va tiém 4n nhiéu rii ro, dic biét 1a nguy
co lay nhiém chéo qua tiép xuc truc tiép. Ap luc cang gia ting trong bdi canh cac khu

cach ly phai hoat dong lién tuc 24/7, trong khi ngudn nhan lwe lai han ché.

Du khéi luong van chuyén mdi 1an khong 16n (thuong chi tir 1+2 kg), nhung loai hinh
hang hoa lai rat da dang — tu thudc theo toa, vat tu tiéu hao nhu bong gac, nhiét ké, dén
nhu yéu phdm hang ngay nhu khau trang, dd dn dong goi, nudc udng, quan 4o bénh
nhan. Du 1a vat pham gi, yéu cau vé do chinh xac, dung gid va han ché tdi da sai sot

ludn 14 vu tién hang dau.

Trong bdi canh d6, viéc img dung robot di ddng tw hanh (Autonomous Mobile Robot
— AMR) dang dan tré thanh mét giai phap kha thi. Tuy nhién, trong méi trudng bénh
vién, dic biét 1a khu cach ly rat khac so voi cac nha may hay kho hang noi AMR thuong
dugc trién khai. Robot can kha niing di chuyén linh hoat trong hanh lang hep, tu tranh
vat can, phan rng nhanh véi su xuét hién bat ngd cua con nguoi, va thich nghi véi sy

thay doi lién tuc vé mit bang ciing nhu quy trinh van hanh.

Diéu nay doi hoi mot h¢ thong diéu hwéng théng minh — co thé ty dinh vi, xay dung
ban do, lap ké hoach 10 trinh t6i vu va duy tri hoat dong 6n dinh, an toan trong mQt moi

truong thuc t€ nhi€u rang budc nhu bénh vién.
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2.2 Cac thach thirc ciia h¢ thong xe tu hanh trong dé tai

Pé xay dung duge mot hé théng AMR dap tng cac yéu cau khit khe vé do on dinh, an
toan va kha ning mo rong trong mdi truong thuc té, nhom nghién ctru phai giai quyét
nhiéu bai toan k¥ thuat mang tinh lién nganh. Cac thach thirc nay khong chi dén tir dic
thi moi trudng trién khai, ma con tir yéu cau vé tinh théng minh, d6 chinh xac va hi¢u

qua van hanh. Cy thé, hé théng can vuot qua nhirng khé khan sau:

— Piéu huéng trong khong gian bénh vién phirc tap, thiéu giam sat true tiép:
Céc khu vuc nhu hanh lang bénh vién, phong cip phat thudc, phong chira mau
virus hodc ting ham k¥ thuat thuong c6 cau trac khong gian hep, nhiéu nga ré,
vat can cb dinh va anh sang yéu. AMR can kha nang tu dinh vi, xay dung ban do
moi trudng va hoach dinh dudng di t6i uu trong diéu kién thong tin han ché va
khong co su giam sat thuong xuyén tir nhan vién y té.

— Xir Iy va né tranh vat cian dong trong mdi truwong bat dinh: Trong cic khu
vuc cach ly hoac phong chirc nang dac biét, co thé xuét hién cac tinh huéng bat
ngd nhu nhan vién y té di chuyén khan cap, thiét bi y té tam thoi dé trén dudng
di hodc vat can do roi d6. Hé théng robot phai c6 kha nang phat hién nhanh, nhan
dang chinh xac va phan tng kip thoi dé dam bao an toan tuyét ddi cho ca con
ngudi 1an robot.

— Diéu khién chinh xéc trong hé din ddng phi tuyén: Robot st dung co cdu din
dong vi sai — von mang tinh phi tuyén va nonholonomic, gay khé khin trong diéu
khién chinh x4c khi di chuyén & tc do thap, quay dau tai hanh lang hep hoic tiép
can vi tri giao — nhan vat tu. Dé tai lya chon bd diéu khién backstepping nhu mot
giai phap diéu khién phi tuyén hiéu qua, gitip dam bao d6 on dinh va muot ma
trong qua trinh van hanh.

— P léch giira md phong va thue té trong diéu kién van hanh y té: Moi truong
bénh vién c6 thé phat sinh cac yéu té nhidu nhu tin hiéu cam bién khong 6n dinh
do nhiét d6, d6 4m cao hodc vat liéu phan xa khong dé)ng nhat. Ngoai ra, o tré
truyén tin hiéu hodc sai s dinh vi cling anh huong dén hiéu suit van hanh thuc
té néu khong dugc xir Iy thich hop. Pay 1a rdo can can khac phuc dé hé thong
hoat dong 6n dinh nhu khi mé phong.
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2.3 Giai phap dé xuit

Dé giai quyét cac thach thire trén, nhom xay dung hé théng AMR tich hop nén tang diéu

phéi,

diéu khién phi tuyén, nhan thirc méi trudong va 1ap ké hoach di chuyén. Cac giai

phap chinh gom:

ROS 2 - nén tang diéu phoi linh hoat: ROS 2 Humble 14 trung tim diéu phdi
hé thdng xe tir hanh, hd tro xir Iy thoi gian thyc, phan tan va da ludng. Nho do,
cac mo6-dun nhu SLAM, A*, xt ly anh va diéu khién dong co duoc tich hop hiéu
qua. ROS 2 con hd tro kiém thir mé phong va dong bd v6i phan ctng, giup giam
rui ro khi trién khai thyc té.

SLAM - ban d6 héa va dinh vi dong: SLAM cho phép xe ty hanh vira xay dung
ban d6 vira dinh vi trong méi truong thay doi. Két hop voi Lidar va ROS 2
(slam_toolbox), hé théng dinh vi va cap nhat ban d6 theo thoi gian thuc.

Al - nhan dién vat can dong: M6 hinh hoc may chay trén camera Raspberry Pi
gitip phét hién ngudi va vat thé di chuyén, hd trg cap nhat ban d6 dong va dicu
chinh huéng di. Két hop Lidar gitp phat hién vat can tinh va ting do chinh xac
dinh vi.

Thuit toan A - 1ap ké hoach dwdng di: A* tinh toan 16 trinh ngén nhat, an toan
nhit dua trén ban d6 hién tai, hd tro né tranh vat can va tai lap ké hoach khi moi
truong thay doi.

B¢ diéu khién KBBC - bam qu¥ dao chinh xac: Dua trén co ciu din dong vi
sai, bo diéu khién backstepping (KBBC) duoc sir dung dé dam bao diéu khién 6n

dinh, khir nhidu tot va phan tmg hiéu qua voi sai 1éch giita mo phong va thuc té.

Tong thé, su két hop gitta ROS 2, SLAM, Al, A*, Lidar va bo diéu khién KBBC tao nén

hé théng AMR, thich g linh hoat va diéu khién chinh xéac trong méi truong thuc té.
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Nghién ciru iing dung Al diéu khién xe tw hanh

2.4 Thiét ké kién tric hé thong diéu khién xe ty hanh

2.4.1 So dé cong nghé

300,00

201,00
358,00

Khu vire tai thude

Rp Lidar

L 499,00
"*"741—] :‘ lgs,m =1
94’10 Ciumen
2
5 4O
-
| —

Hinh 2.1: So d6 cong nghé

Trong pham vi dé tai, nhom thiét ké va trién khai mot mo hinh robot ty hanh thong minh
(AMR) véi kich thude 50 x 30 x 35 cm, c6 khoang chd hang phia sau, nhim phuc vu
van chuyén thudc va vit tw y té tai cac bénh vién, khu cach ly hodc bénh vién da
chién. Day 13 nhimg méi trudng dic thu, noi cAn giam thiéu téi da tiép xtc truc tiép
gitta ngudi voi nguoi, han ché nguy co 1ay nhiém chéo va duy tri hoat dong van chuyén

lién tuc, chinh xac trong khong gian chat hep va tiém an rui ro.

Robot duoc thiét ké dé di chuyén linh hoat trong cic hanh lang hep, tu dong tranh
vt can, nhan dién nguwoi va thich &ng véi cac tinh hudng bit dinh thuwong gip
trong moi truwong y té. Khoang chura phia sau dugc bd tri dé chd cac loai vat tu nhe
nhu thudc dang chai, bo test nhanh, ging tay, 6ng nghiém, dung cu y té... véi tong khdi
luong khoang 1-2 kg du dé phuc vu céc chuyén van chuyén ndi vién thong thuong ma

khong anh huong dén do on dinh khi di chuyén.
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Nghién cieu g dung Al diéu khién xe tw hanh
Vé mat co khi, khung xe sir dung nhém dinh hinh két hop véi cac chi tiét dang hop nham
dam bao do cing viing, nhe va thun tién cho viéc gia cong. Hé dan dong vi sai str dung
hai dong co DC c6 tich hop encoder, cho phép diéu khién doc 1ap timg banh xe, dong
thoi hd trg quay dau trong khong gian hep — mot yéu cau quan trong khi hoat dong trong

moi truong hanh lang nhiéu nga ré.
Vé cam bién, hé théng gdm:
~ LiDAR 360° d¢ tao ban do méi trudng, phat hién va tranh vat can tinh.

— Camera d6 phén giai cao phuc vu xir Iy hinh anh va nhan dién ngudi bang mo
hinh YOLO.
—  Encoder cam nhan va do dac cac dai lugng vat 1y nhu vi tri, van tdc, hudng quay,
sau do chuyén thanh tin hiéu dién.
Hé thong xir 1y chia thanh hai tang:
— High-Level: ddm nhi¢m céc thuat toan dinh vi, diéu huong va xir 1y hinh anh.
— Low-Level: thu thap di liéu tir cac cam bién va diéu khién dong co thong qua
cac tin hiéu PWM.
Vé diéu khién chuyén dong, hé thong tng dung bd diéu khién Backstepping phi tuyén,
phu hop véi dic tinh non-holonomic ctia dan dong vi sai, gitip xe bam sat quy dao, di
chuyén 6n dinh va phan ung tot trong diéu kién méi trudng thyc té.
Toan bd mo hinh dong vai trd nhu mot nén tang thir nghiém thu gon, phuc vu danh gia
kha nang tuy hanh, tranh vat can va nhan dién nguoi trong moi trudng y té thuc — mot

budc quan trong hudng téi viéc tmg dung AMR trong thuc tién bénh vién hién dai.
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Nghién ciru iing dung Al diéu khién xe tw hanh
2.4.2 Tinh chon dong co cho mé hinh thiét ké

Duya trén co s& nghién ctru cua Crenganis [11], ta co:

iy = m X g % cos(a)

G=mx4g

Hinh 2.2: Cac luc tdc dong 1én robot
Ta co thong s6 thiét ké ban dau:
— Khéi lugng robot: m =12 Kg
— Gia tdc trong truong: g = 9.81 m/s?
— Gia téc muc tiéu cta robot: a = 0.5 m/s?
—  Van tdc dich caa robot: v = 0.8 m/s
— Ban kinh banh xe: r =0.075 m
— Heé s ma sat 13n v6i bé mat san bé tong: u = 0.01
— Goc nghiéng mat phang chuyén dong: a = 0°
Ta c6 cong thure tinh lyc ma sat 1an:
Ff= uN = puxmx g x cos(a) = 0.01 x 12 x 9.81 X cos(0) = 1.1772N (2.1)
Thanh phan trong lyc theo phwong chuyén dong
G,=m X g Xsin(a) =12 x9.81 xsin(0) = 0N (2.2)
Luc quan tinh khi tang téc F;:
FF=mXa=12%Xx05=6N (2.3)
Téng luc kéo can thiét F,:

F,=F + G+ F = 6+11772 = 71772 N (2.4)

Tinh momen xoan yéu cau T:
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Nghién ciru iing dung Al diéu khién xe tw hanh

Luc kéo lién hé vdi momen xoan thong qua ban kinh banh xe:

Fo== >T=FXr (2.5)
Vi robot sir dung 2 banh cht dong, mdi banh chiu mot nira luc kéo:
7 = Fext _ 74772X0075 _ (350148 N 2.6)
. . . . :
Tinh tbc d6 gdc cua truc banh xe:
v 0.8
w=-= = 10.667 rad/s (2.7)
Chuyén sang toc d6 quay truc dong co:
wX60 _ 10.667X60
n=——=—_—= 101.94 rpm (2.8)
Tinh cong suét co hoc yéu cau P:
P=TXw=0.17943 x 12 = 2.868 W (2.9)
Tur day chon dong co:
Series 2619 012SR hop sé 1a: 33:1
Hinh 2.3: Bong co Series 2619 012SR
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Nghién ciru iing dung Al diéu khién xe tw hanh
Béng 2.1: Thong s6 dong co Series 2619 012SR

Series 2619 ... SR

Values at 22°C and nominal volta

006SR  012S5R 024 SR

Nominal voltage Un ‘ 6 12 2% Volt
Terminal resistance R 82 36,5 128 Q
No-load speed (motor) no 6600 5900 6200 min’!
Speed constant kn ‘ |50 261 min '\
Back-EMF constant ke 09 2 3,83 mV/min’!
Torque constant knt 8,59 19,09 36,54 mNm/A
Current constant ki 0,116 0,052 0,027 A/mNm
Slope of n-M curve An/AM 1055 957 917 min""/mNm
Rotor inductance L | 465 2200 8400 pH
Rotor inertia J ‘ 0,68 0,68 0,68 gem?
e
Housing material | plastic

Geartrain material | metal

Backlash, at no-load < 4 :
Bearings on output shaft brass / ceramic bearings| ball bearings, preloaded

Shaft load max.: (standard) ' (optional)

- radial (5 mm from mounting face) < 35 10,5 N

- axial < 2 5 N

Shaft press fit force, max. < 10 10 N

Shaft play:

- radial (5 mm from mounting face) < 0,07 10,03 mm

- axial < 0,25 0 mm
Operating temperature range 1-25..+80 ¥C

output torque
reduction ratio output | weight |continuous intermittent| direction | efficiency
(rounded) speed with | operation | operation |of rotation
up to motor (reversible)
Nmax Mmax Mmex
min’! 9 mNm mNm %
8:1 635 25 9 30 = 81
22:1 23 | 26 23 75 # 73
3351 151 26 30 100 = 66
112:1 4 | 2 93 180 # 59
207:1 24 27 | 100 180 = 53
361: 1 14 27 | 100 180 - 53
814:1 6 28 100 180 = 43
1257:1 4 | 029 100 180 = 43
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Nghién ciru iing dung Al diéu khién xe tw hanh
2.4.3 Quy trinh cong nghé

Nham hién thyc héa muc tiéu thiét ké xe ti hanh thong minh trong méi truong y té,

nhom nghién ctru xay dung mot quy trinh cong nghé phi hop véi diéu kién thyc té nhu

sau:
BATDAU
KHOI DONG
Chon ché d6 hoat déng
True Falze
v Y Y
DIEU HUGNG
QUET MAP VA NE VAT
CAN
¥ Y
s Robot Di chuyén
ot }1:3111:1 o 61 vi tri chi dinh
r: (: 2y 'qu va né vat can va
ban 45 quét map ngual trén dudng
di
h A
Y
Hoan thanh Ban Téi dich
s
Hinh 2.4: Quy trinh cong nghé
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Nghién ciru iing dung Al diéu khién xe tw hanh
2.4.4 Luwu do thudt todn hoat dpng toan hé thong
Pé dam bao hoat dong chinh xéc va linh hoat cua hé théng xe ty hanh, nhém da xay
dung luu do thuat todn tong thé dugc thé hién & Hinh 2.5, m6 ta rd quy trinh diéu khién
tor khau khéi dong, xtr 1y cam bién dén di€éu hudng va diéu khién chuyén dong.

1 [ 1

Khoi dong Rasberry \ ol Khtn 60ng Rasberry |

Start o Két ndt Ardumo véon | Khot 130 cac cam bidn
P ‘ | P voy may tinh ‘ Rasberry Pyd Lidar,Camera, Encoder
b
Két ndt jovStick vou Toia L _ P
| Chay quanh ban d6 8¢ | Rasbetry Pid hodc | Teo bin 85 Lo Ly chon ché 40 boat S6ng™
—_— . .« > »
Lidar quét map | duéu khnén robot théng | . use_slam=" e
| qua ban phim Laptop |
False X [ False
= Quét 10an bé B
True < Nhin tin huéu 3y hang? >
— Luu map False
R’
—— L —
Ds chuyén td v trd
B ldy hing (1) Nap ban 46
End |
I L2 :
Diéu khién Robot di
e s chuyén, né vitcan Bit Costma:
—<Di nhin dwoc vi tri mudn 1617 > stboditnn
. .‘,- TFUC !
= = Chon diem dich la v 3
Lip ké h(:;!.h Sutng i Ly hing, tip ké | Bush \'::o;;( trong
A hoach duomng & s
Dréu kinén Robor di

chuyén, né vit cin

Dén dich e

Hinh 2.5: Luu do thuat toan toan hé théng
2.4.5 Phén ting diéu khién ciia hé thong

Hé théng diéu khién cua xe tu hanh dugc thiét ké theo mo hinh phan té”mg nhu Hinh 2.6,

nham dam bao tinh linh hoat, dé m& rong va t61 vu hi¢u suat xu ly.
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Nghién cieu g dung Al diéu khién xe tw hanh

Tao ban d6, tranh vat can AT-Nhén dang negirdn
USB Raspberry Pi 5 Csl Camera HQ +
RPLidar A3 [----- 8GB  p----- 6ng kinh C
{Main Processor) mount

High-Level part

USB
QEI QEI _
Left Encoder F—-- Teensy 4.1 - ——| Encoder Right
Motor Motor
1 I [
\ I I
\ | DIR+PWM !
\ I I
\ I i
\ i
\ . .
\ H-Bridge output Cytron MD30C H-Bridge output ,’
___________ (Motor Driver) T T

Hinh 2.6: M6 hinh phén tang diéu khién cta hé thong
2.4.5.1 High-Level part

Tang diéu khién cao dugc xir Iy bdi Raspberry Pi 5, dong vai tro 1a bd xtr 1y trung tim

(Main Processor) ciia hé théng. Cac chirc niang chinh gom:

— Xu ly nhan thic va dinh vi: Raspberry Pi thu thap dit li€u tir cam bién LiDAR
RPLidar A3 thong qua giao tiép USB, phuc vu cho viéc xay dung ban d6 (SLAM)
va xéc dinh vi tri tuong ddi ciia robot trong khong gian.

— X Iy hinh anh: Camera HQ (IMX477) két ndi voi Pi qua giao tiép CSI, dugc st
dung trong cac tac vu thi gidc may nhu phat hién ngudi, vat thé, vach ké dudng.

— Quan 1y 16 trinh va giao tiép ROS 2: Hé diéu hanh Ubuntu 22.04 + ROS 2 Humble
hoat dong trén Raspberry P1 5 dé thuc hién 1ap ké hoach duong di, tranh vat can
va diéu hudng. Cac 1énh diéu khién téc do va hudng dugc giri xudng tang thap
thong qua UART (USB Serial) dén vi diéu khién Teensy 4.1.
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Nghién cieu g dung Al diéu khién xe tw hanh
— UART (Universal Asynchronous Receiver Transmitter): Chuan giao tiép ndi tiép
khong dong bo sir dung hai day: TX (truyén) va RX (nhan). Day 1a kénh lién lac
chinh giita Raspberry Pi va Teensy dé truyén lénh diéu khién.

2.4.5.2 Low-Level part

Tﬁng diéu khién thfip chju trach nhiém thyc thi 1énh diéu huong tir tﬁng cao mot cach

chinh xac, bao gobm cac chirc nang:

— Teensy 4.1 dong vai tro 1a Platform Control Unit (PCU), xt 1y tin hiéu phan hoi
tir encoder va thuc hién diéu khién dong co thong qua thuat toan PID duoc lap

trinh san.

—  Poc tin hiéu tir encoder: Mdi dong co 2619 SR tich hop encoder, cung cap 2
kénh xung A va B dang QEI (Quadrature Encoder Interface). Teensy st dung
céc chan digital co hd tro interrupt dé doc chinh xac s6 xung tir encoder, phuc

vu cho viéc do tdc d6 va vi tri.
~ Xuét tin hiéu PWM + DIR: Sau khi tinh toan tbc d6 can thiét, Teensy xuét tin
hiéu diéu khién gom:
= PWM (xung diéu tdc)
= DIR (x4c dinh chiéu quay)
Céc tin hiéu nay duoc truyén dén mach diéu khién dong co Cytron MD30C.
~  Cytron MD30C Motor Driver: Nhan tin hiéu diéu khién tir Teensy va cap dong
dién diéu khién 2 dong co DC thong qua 2 cip dau ra dang cau H don. Driver
c¢6 kha ning xtr 1y dong cao (t6i 30A), phi hop v6i yéu cau mo-men ciia dong

CO.

28
SVTH: L& Tuén Son GVHD: TS. Tran Thi Minh Dung

Tran Van Quoc Bao
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CHUONG 3: MO HINH HOA VA CAC PHUONG PHAP DIEU KHIEN

3.1 M6 hinh héa hé thong
3.1.1 Xay dung phwong trinh dong hoc xe tw hanh

T
'&\\A

¢

0 X Xw

Hinh 3.1: Minh hoa mdi quan h¢ dong hoc

Voi:

— 2b 1a khoang cach tim banh trai dén tdm banh phai

— R 1a ban kinh banh xe

— A la diém gitta cua tAm banh trai va banh phai

— G la tdm cta Robot

— d 1a khoang cach tdm tryc banh xe dén tam Robot

— 6 1a gbc quay cua robot

— Xw, Yw la hé toa dd toan cuc

— X:, Y:la hé toa do robot

Trang thai ctuia xe ty hanh duogc déac trung boi vi tri va hudng di chuyén trong khong

gian.

29
SVTH: L& Tuén Son GVHD: TS. Tran Thi Minh Dung

Tran Van Quoc Bao



Nghién cieu g dung Al diéu khién xe tw hanh

Cu thé né duoc mo ta [12] bang:
X
q= H (3.1)

Trong do:

— X,y xac dinh vi tri cia tdm truc banh xe trong hé toa do toan cuc

— 0 biéu dién goc quay cuia xe so véi truc x, cho biét huéng di chuyén hién tai

Ngoai ra, van toc ciia xe trong hé quy chiéu gan véi than xe [12] 1a

Ve
V=1V, (3.2)
)
Vi:
— wlatde do goc quay cua xe
— V.14 van toc theo hudng di cua xe
— Vylavan téc ngang
Do h¢ toa do than xe quay theo goc 8 so vdi hé toa do toan cuc [13], ta co:
X v,
Y= RI(6) v, (3. 3)
6 )
Vi xe khong c6 van téc ngang, theo nhu Hirpo va Boru Diriba [13] ta rat gon nhu sau:
x cos(0) —sin(0) 0
Y| =sin(6) cos(@) (3.4)
0 0
Theo li thuyét chuyén dong song phang cua vat ran [14], ta c6:
V,=Vo+ & X Ty (3. 5)
V,=Vs+&X Tgy (3. 6)
Voi:
V; [a van tiép tuyén tai tAm banh xe phai
VC) la van tiép tuyén tai tim banh xe phai
Vf; 1a van téc tiép tuyén tim banh xe
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Tca ,Tga 12 véc-to vi tri tir di€ém C dén diém A va vector vi tri tir di€ém B dén diém A

Cong (3.5) va (3.6) ta dugc:

ZVA)=VC’+V_B)_>E)=M (3.7)

Trur (3.5) cho (3.6) ta co:

(Ve = Vp)X, = (Fea— Tep) X & (3.8)
Tu day ta co:
_TRX Gr—1L X DL
= (3.9)

Tt (3.7), (3.9) ta co thé viét lai la:

0-F 2l

2b
Tir cac phuong trinh (3.4), (3.10) ta c6 phuong trinh dong hoc cta xe khi tam tai diém
A la:

rgrcos(8) 1L cos(9)

X 2
ly —|rr sin(6) rp 51n(9) [¢r] (3 ]])
6 rZR ZTL br
2b Y

Tu day ta s€ c6 5 truong hop:
- ¢5L=¢5rxedithflng:VC:VA:VB:(pXr
— ¢, > ¢, thiré phai
— ¢, < ¢, thiré trai
- ¢L<Oqbr<0xed11u1VC—VA—VB_—q)><r

Pxr

- ¢L = —¢r xe quay vong: V, = 0, w = ”

Xét tam xe khi khong ndm & tAm truc banh xe ma nim & diém G, theo Shin [14], ta co:

. X 0 dcos(0) % — Bdcos(0)
Ve =Vatwg X7y = |Y|+|0| X |dsin(0) | = |y + ddsin(8) (3. 12)
0l 1o 0 0
ws=[0 o0 61"
31
SVTH: L& Tuén Son GVHD: TS. Tran Thi Minh Dung

Tran Van Quoc Bao



Nghién cieu g dung Al diéu khién xe tw hanh

Tir phuong trinh (3.4), (3.11), (3.12) ta c6 phwong trinh déng hoc ctia robot tai diém G

cach tam truc banh xe 1 khoang d la:

R(bcos(0)—dsin(6)) R (bcos(9)+dsin(9))-|

X 2b 2b .
y‘ — |R(bsin(9;;dcos(6)) R(bsin(@i;dcos(@)) | [¢r] (3' ]3)
0 |[ R ® Jl b

2b 2b

3.1.2 Xdy dung phwong trinh dong luc hoc cua xe tw hanh
CAu hinh robot duoc biéu dién thong qua 5 toa do [15], tong quat nhu sau:
q=1[xy0¢ro.]" (3.14)
Ta c6 vén tdc tiép tuyén tai tim banh xe phai la:

% + b0 cos(6)
Ve = |y + b8 sin(0) (3.15)
0

Van tc thang tiép tuyén tai tAm banh xe tréi la:

% — b0 cos(0)
Ve = |y — b8 sin(6) (3. 16)
0

Trong h¢ co hoc Non-holonomic, khi chiing ta ¢6 cac tham s6 rang budc lan nhau ta c6

thé viét chung dudi dang rang budc Pfaffian nhu sau:

C(@)q=0 (3.17)

Trong trudng hop nay, ta khong thé tim dugc tap hop toa do tong quat doc 1ap ma phai
sit dung nhan tr Lagrange (Lagrangian Multipliers) dé dua cac rang budc ndy vao

phuong trinh Euler-Lagrange, thu dugc:

dafor] _oL _ T) —
dt [aq] aq Cl@)'a=0q (3. 18)
Voi:
— L 1a ham Lagrange cua hé
— qla vector toa do tong quat
— C(q) la ma tran rang budc Pfaffian
— A la nhan tir Lagrange
— Qla luc tdng quat tac dong cua hé
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Ta co [15]:
=[x y 6 ¢r @l (3. 19)
Vi:
— ¢p la van téc goc banh xe bén phai
- @.lavan tde gbc banh xe bén trai

Tt phuong trinh dong hoc trudc ta co:

R(bcos(8)-dsin(6)) R(bcos(6) +dsin(9))‘|

x 2b 2b

y | — |R(bsin®)+dcos(8)) R(bsin(e)—dcosw))l o =0 (3. 20)
F l 2b 2b ‘ b. .

R R

2b 2b

Tur day ta suy ra dugc phuong trinh C(q) theo dit liéu C(q)g = 0 [15], nhu sau:

sin(@) cos(@) —-d 0 O
C(q) =|cos(@) sin(@) b —-R O (3.21)
cos(#) sin(@) —-b 0 -—R

Gio ta xét dong nang cua hé thong ta co:
Pong niang cta hé sé gdm 3 thanh phan: Khung xe va 2 banh xe
Xét dong nang cua khung xe [16]:
mG — 2 —T, —
KC =T”VG” +(1)G IG(UG
= T8 (42 + Y2 + d?62 + 2d6 (ycos (0) — xsind)) + £ 67 (3.22)
Chon khung xe hinh hop chir nhat ta co:
I, = 1—12m(a2 + b?) (3. 23)

Doi voi dong nang cua banh xe, goi d§ day banh xe 1a t, van toc va ma tran quan tinh
cua banh xe bén phai co6 thé bi€u dién nhu sau:
Ta c6 van toc gdc cia banh xe khong chi bao gom ¢, ma con chiu anh hudéng ctia chuyén

dong quay robot [16], tir day ta co:

~[sin@®71 [0] [#rsin(®)
0, = dp [COS(Q) +010| = (]f.)Rcos(H) (3. 24)
0 1 0
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My, (3r2+t2)
5 0 0 12 0 0
2
$=(o0 1§, 0= maz’r 0 (3.25)
0 0 IZGZ l 0 0 mw(3r2+t2)J

12

Chuyén tensor quan tinh tir hé quy chiéu gén v6i vat sang hé quy chiéu toan cuc ta co:

cos(f) —sin(@) 0 ng cos(f) sin(@) 0
I sin(@) cos(f) O —sm(B) cos(@) 0 (3. 26)
0 0 1 1
Tu day ta c6 phuong trinh dong ndng banh phai [17]:
My =2  —T . —
Kg = T“’”VB” +0, 1,9,
My o2 | -2 242 A (x - 15 52, By ; 2
=2 (X" +y° +b°0 +2b9(ycos@+xsm9))+79 += ¢ (3.27)
Tuong tu cho dong nang banh trai [17], ta co:
mw —sn 2 — T _
K, = T ”VC“ + 042 1,024
M o2 | -2 202 A (x - 15 52 , By ; 2
=2 (X" +y°+b0° - 2b6(ycosb + xsinh)) + 0+, (3.28)

Tu 3 phuong trinh dong nang trén ta rat ra dugc phuong trinh:

2m,, + mg) (%% +y%) (g + mgd? + 2m,,b? + 215,)6?
Ktotal - 2 + 2

. G . .
+mgdf(ycosd — isind) + 2 (" + ¢ ) (3.29)
Goi:
— mp = mg + 2my,: 12 tong khéi luong ctia xe khi chua tai
— Iy = (I; + mgd? 4+ 2m,b? + 21IE,: 1a tong momen quan tinh quay

m [Z_ﬂ - 2_2 —C(@"A=Q=[0007,1,] (3.30)

Vo1 74, T,1a luc tdc dong 1€n banh xe, theo Ahmad Abu Hatab [17]:
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Nghién ciru iing dung Al diéu khién xe tw hanh

mqpx — mgd6(sing)
—sin® cosB cos6O

cos® sinB® sind

myy + m;dé(sind) )
; s o ) 0
a6+ mGdB((;ycosG *sind) + mgd6|ycosd + xsm@‘ - l -d L -L Azl = (3.31)

2 —R 0
1§ 0 0 —-R
2
2 R

Ta c6 thé viét lai thanh:

M(@§+B(G,q) - C"(@1=0 (3.3
Tu day ta co:
| 0 mr mgd(cosg) 0 0|
M(q) =| —m d(sm@) mgd(cos6) Ir 0 O | (3. 33)
0 0 Ify (G)
I o 0 0 0 1Lyl
[cos6]
. _ |sin@|
B(4,q9) = mGdHZ{ 0 ‘ (3. 34)
0
0
sin(@) cos(@) —-d 0 0
C(q) =|cos(f) sin(@) b —-R 0 (3. 35)

cos(#) sin(@d) -b 0 -—R
3.1.3 Ham truyén dpng co DC

Ta c6 So do thay thé ctia mach phan tng dong co dién mot chiéu kich tir doc 1ap

)
Ra La
Va

Hinh 3.2: So d6 thay thé ciia mach phﬁn ung dong co dién 1 chiéu kich tir doc lap
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Nghién cieu g dung Al diéu khién xe tw hanh
Phuong trinh dién 4p ctia mach phan ung:
Va(s) = Eq(s) + Rala(s) + Lgs 1,(s)

Voi:

— R, la dién tré phan tng

— L, la dién cam cudn day

— E, la suit dién dong cam ung

— I, la dong di¢n dat trong tir trudng
Suat dién dong cam ung cia dong co:

Eq(s) = K.pw(s)

Voi:

(3. 36)

(3.37)

K, 1a h¢ so cau tao, phu thudc vao cac hang so nhu 1a kich thudc cua mach,chiéu

dai thanh dan
— ¢ la tu thong
— w latde do quay

Phuong trinh momen dién tur:

Mg (s) = Kuply(s) (3. 38)
- Ky lahé s6 cAu tao
— I, 13 dong phan g
Phuong trinh mé ta quan hé di¢n-co:
dw(t)
Mae(t) = M(8) = J 222 = My,(s) — Mc(s) = Jseo(s) (3.39)
Voi:
— M_(t) 1a momen can
Két hop cac phuong trinh trén rat ra:
Va(s)—Ke
lo(s) = "D (3. 40)
w(s) = DD (3.41)
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Nghién ciru iing dung Al diéu khién xe tw hanh

Tur cac phuong trinh trén ta vé so do khoi mo ta toan hoc cuia dong co 1 chiéu:

Mc

Va . 1 Me W- 1 @
{ F—> — = - ¢ — > — —
s Ls+R, g ot Js
Ea
K.¢
Hinh 3.3: So d6 khdi mo ta toan hoc cua dong co
Ta c6 ham truyén dat caa dong co 1 chiéu:
Gia sit M.(s) = 0 (truong hop khong tai) ta co:
w(s)(Js(Las + Ry) + KupKed) = Ky pVu(s) (3.42)
20 — Kué (3. 43)

V(s)  Js(LaS+Ra)+KmPKed

Tir cac gia tri trong datasheet ta tong két lai:

Béang 3.1: Bang dir li¢u dong co

Tham s6 Gia tr1
bién ap 12V
Dién tré phan Gng 36.5Q
Hing s momen K,,, 0.01909 Nm/A
Hang s6 phan dién dong K, 0.0277 V.s/rad
Do tu cam phan ung L, 2.2mH
Momen quan tinh rotor J,, 6.8 X 1078 kg.m?
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Nghién ciru iing dung Al diéu khién xe tw hanh

Tir ddy ta ¢6 ham truyén dat:

w(s) _ 0.01909 (3.44)
V(s) 1.496x1071052+2.482x1076 s+5.28953x10~4 ’

3.2 Phuwong phap diéu khién

So do6 tong quan phuong phap diéu khién bam vi tri ctia hé thong:
bs
_ Bo diéu khién | ®w 1 | Badieu | [Ding] © |
Quy dﬂﬂ: + Koot " oem-triad) khien PID| | col | Xenrhanh |
nu:r‘.g‘n:lm. Y _. Based — 1 ) . ‘l"'?“ .| Doag hoe
Al Backstepping ¥1-=-(r-ad) Differential | T thuin

+ | Bodicu | [Dong| T | Drive 3 banh
L0 i > ) SRR |
¥ |khignPID| _co2

Hinh 3.4: So d6 khéi hé thong diéu khién robot vi sai 3 banh
3.2.1 B$ diéu khién PID ciia dpng co DC

PID 1a bo diéu khién hoi tiép vong kin duoc str dung nhiéu nhét trong cong nghiép, 1a
su két hop cta 3 bd diéu khién: ti 18, tich phan, va vi phan. Co6 kha nang tri¢t ti€u sai s6

xac 1ap, tang toc do dap ung, giam do vot 160 néu thong s6 cua bo diéu khién dugce lua

chon thich hop
P Koe(t)
J
SETPOINT + __ | kR OUTPUT
——o T+ 1 K[, e(r)dr ——( T )}— PROCESS .
_"AL'/- 'y
D K=
— dt

Hinh 3.5: B0 diéu khién PID

PID 1a mét co ché phan hoi vong diéu khién va duoc st dung nhiéu nhat trong cac hé

thdng diéu khién co tin hiéu phan hdi vong kin, gié tri sai 1éch s& duoc tinh toan thong
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Nghién cieu g dung Al diéu khién xe tw hanh
qua bo diéu khién 1a két qua cta hiéu sb gitra gid tri mong mudn va gia tri phan hoi. Bo
diéu khién s& lam giam sai s6 bang cach diéu chinh cac gia tri didu khién dau ra. Cac
thong s6 PID sir dung trong tinh ton phai diéu chinh theo tinh chat ctia hé thng diéu
khién, phai phu thudc vao ddc thu tinh chat ctia hé théng diéu khién dé két qua dat nhu

mong doi.
3.2.1.1 Y nghia tham sé PID
a. Khau ti l¢:
Ham truyén K(s)= Kp
bac tinh thoi gian: Y(s)= Kp G(s)E(s)
— Kp cang 16n thi toc d6 dap ung cang nhanh
— Kp cang 16n thi sai sd xac 1ap cang nho (nhung khong thé triét tiéu)

— Kp cang 16n thi céc cuc ctua hé thong c6 xu hudng di chuyén ra xa tryc thirc —

Hé thong cang dao dong va do vot 16 cang cao
— Néu Kp ting qua gia tri giéi han thi hé s6 khong tit din — Heé thong mat 6n dinh
b. Khdu tich phan
Tin hi¢u ngd ra dugc xac dinh boi sai $6
— K, cang 16n thi d4p Gng qué do cang cham

— K cang 16n thi sai sb xac 1ap cang nhé. Dac biét hé s6 khuéch dai cua khau tich

phan bang v6 ciing khi tin s6 = 0 — triét tiéu sai s6 xac 1ap v6i ham nang
— K, cang 16n thi d6 vot 16 cang cao
c. Khdu vi phan
— K cang l6n thi dép ung qué do cang nhanh
— K cang 16n thi d6 vot 16 cang nho

— He¢ s0 khuéch dai tai tan so6 cao la vé cung 16n néu khau hi€u chinh D rat nhay

vO1 nhi€u tan so cao.
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3.2.1.2 Phwong phdp diéu chinh PID

PID c6 nhiéu phuong phép dé tim thong s6 nhu 13 phwong phap Ziegler-Nichols, phuong
phap diéu chinh theo t6i uu hoa, phuong phép trién khai theo dang mé hinh xtr 1y sau

do6 chon P, 1, D dua trén cac thong s6 cia mo hinh dong hoc....

Tuy nhién trong dé tai nay nhom quyét dinh sir dung phuong phap tunning tham sé PID

bang khdi PID controller trong matlab simulink.
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Nghién ciru iing dung Al diéu khién xe tw hanh

Sau diy 1a so' @ mé phéng:

(Wi

|
.
l

._.l>;’ PID(s) | Vva Te‘ >D—
l DC MOTOR:

44:'—. D .
[tdot]  »——————P thetadot
r @———Ql}—b PiD(s) |—»Va Te % |etadot] -9 etadot 4 Nddot
1 o

") DC MOTOR1

N[ =
-J > me

[etadot] >—>I C
S [wi)
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[etadot] p———BW __outy |
& :
ydot L
p 5 qdot
theta 1
thetadot o - e
5 qdot

Foward Kinemalics

Hinh 3.6: So d6 m6 phong PID
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Gia tri PID khi tunning:

SN Block Panemetens: PO Controfen? »
PID 1dof (mask) (hnk)
This bock imy < and d time FID control algor and fo, such 26 ant-wendup,
external reset, ond signal tracking, You con tune the PID Gars sutomatically using the “Tune...’ button {regeires Simedink Control
Design)
Controller: PID *  Forme Pacellel .
Time dommaie Desorete-time settings
O Cortnuous-tme
Sample ime (-1 for inherted): -1
) Dtscrote-time
v Coorponsator formeda
1 N
PrlosD s
g l'-l\—'T
"
Man Output Data Types  State Attrbutos
Cormruler parameterns
Souwte: | internal -
Proportional (F):  5.711787077143M
i use I*Ts {optimal for codegen)

Tekegral (T 2625 81602762369
Dertasthve (D) -0.005226753133595 o

I 1ot Tisrsad Gerivative

Flter coalfickert (V). 1097.8359362524)

Actmmated turang
Select tuning method!  Transfer Punction Based (PID Tuner App) - Tune..,

B Enable 2er0-Crossing detection

|v o Cancel Help Apgry

Hinh 3.7: Théng s6 PID

Két quia mo phong:

1.15 T T T T T T T T T
. .
; .‘ CELL LT Dw img
1.1 : - $ z ~1
¢ (%
. .
. .
- .
1053 % -
- .
3 -
™
1—% Lexsauy
.
.
.
.
085k . -
.
B
.
-
09 .
.
.
.
»
.
085 = -
-
.
.
.
.
08+ : 1
.
H | ! i | | A | | A
0.01 0.02 003 0.04 0.05 0.06 0.07 0.08 008

Hinh 3.8: Két qua mo phong cta dong co phai
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1.08F

1.02-

A YT bt e b e e e s e

0.96+

0.1

| | | | | | |
0 0.01 0.02 003 0.04 0.05 006 0.07 008 009

Hinh 3.9: Két qua mo phong dong co trai

Két luén:

Ta nhan thay hé théng c6 phan hoi nhanh va dat duoc trang thai 6n dinh trong thoi gian
ngan. Tuy nhién, d6 vot 16 (POT) van con tuong d6i cao, dat khoang 11.55%, tirc gia tri
cuc dai ctia dap tng dat xap xi 1.155 so véi gia tri mong mubn 1a 1. Mic du thong sd
nay van nam trong ngudng chap nhan dugc (thudng < 20%), nhung can can nhic diéu

chinh dé cai thién hon nita 36 chinh xac va hiéu suat tong thé cua hé thong.

3.2.2 Bj diéu khién bam vi tri Backstepping Controller

3.2.2.1 Ly thuyét
Trong bo diéu khién nay, s& sir dung hai tu thé [18] (vi tri va goc: tu thé tham chiéu)
r =[x ¥ 6] (3. 45)
va tu thé hién tai cia robot g = [x y 0] dé co thé diéu khién
Tu thé sai sb trong hé toa do gan véi robot [18], s& dugc dinh nghia nhu sau:
[ ] [ cos(8) sin(8) O [xr - x]
€y —sin () cos(8) O||Yr—Y (3.46)
0 1116, -6
— Voi (x, ¥, 6,) : toa dd muc tiéu trong h¢ toan cuc.
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Nghién cieu g dung Al diéu khién xe tw hanh
— Voi(x y 0) : toa dd hién tai cua robot trong hé toa do toan cuc

Bai toan diéu khién ¢ day nhdm xac dinh ludt diéu khién sao cho phép udc luong cac
van toc sao cho h¢ thong dat dugc tinh 6n dinh tiém céan, ta lya chon luat di€u khién dya
trén mo6 hinh dong hoc dugce dé xuat [18], nhu sau:

v v, cos(ey) + K, e,
[w] N L’r + vr(Kyey + K, sin(ep)) (3:47)
Ta co:
ex cos(8) sin(@) O][*r—X (xr —x)cos (0) + (¥ — y)sin (6)
e, = [ey] = [— sin(@) cos(8) O IYr — Y| =[x —x)sin (6) + (yr — y)cos (9)] (3.48)
€o 0 0 1110 — 6,.—0
6 = (i, — %)cos (6) + (¥, — y)sin (6) — (x, — x)bsin (6) + (¥, — y)bcos (8)
(3.49)
éy = —(%, — %)sin (0) + (3, — y)cos (8) — (x, — x)fcos (8) — (y, — y)Osin (6)
= —e,w — X,sin(0, — 0) + . cos(0, — 0) = —we, + v,sin (eg), (3.50)
€g = W — W (3.51)
€y we, — U + v,cos (eg)
eyl =¢, = f(t, e,) = | —wey, + v,sin (&) (3.52)
€y W, — W

Duya vao phuong trinh trén, c¢6 thé néi rang khi van téc tham chiéu v, > 0, e, =01al
diém can bang o6n dinh.
Ta chon ham V tng véi ham Lyapunov cho hé thong 1a:

(1=cos(eg))

V=%(ef+ef,)+ 5

(3.53)

Taco,rdrangV = 0,e, =0 >V =0vanéue, # 0>V >0,dodo Vlalham xac

dinh duong, xét dao ham V ta co:V = €,e, + €y, + %@9) (3. 54)
y

V= [(wr + vr(Kyey + Ky sin(eg))) ey — Kxex] e, + [— (wr + vr(Kyey +

Ko Sin(eg))) ex + vy Sin(ee)] ey + [—”r(Ker"'K@;;n(e@))]sm o) —Kye,? — Ky

-v,Kgsin(eg)? <

0, (3.55)
Tur day ta thay dao ham ciia ham Lyapunov V 1a mot ham xac dinh 4m, diéu nay c6
nghia 1a hé théng at duoc tinh 6n dinh tiém an déu xung quanh e, = 0 vdi diéu kién

Uy, Wy, Ky, Ky, Ko bi chdn va v,, @, 1a cac ham lién tyc.
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Két luan:

Luat diéu khién ma nhom sir dung dé diéu khién xe bam theo dudng di mong mudn sé&
la:

v, cos(ey) + K, e
[v] _ r (2] xl x (3. 56)
w w, + v, (Kye, + Kg sin(ey))

V6i K, Ky, Ky 1a cac hang s6 duong. Cac hang so nay la h¢ s6 khuéch dai cua bo di€u

khién Backstepping dua trén mo hinh dong hoc.
Va tham s6 ma nhom st dung dé diéu khién s& 13: K, = 4, K, =12,Ky =9
3.2.2.2 M6 phong Matlab

Pau vao cia hé thong: 1 quy dao bao gdm tap hop cac diém (x4, y4, 8,;) ma robot mudn

bam theo.
Pau ra ctia hé thong: 1 tap hop cac diém x, y, 0 thuc té ma robot di chuyén dugc.
Trong hé thong nay s& gém 2 bo diéu khién:

— BO6 diéu khién bac cao (Backstepping Controller): Bo diéu khién nay nhan dau
vao 1a trang thai thyuc té cta robot (x, y, 0) cting véi thong tin quy dao tham chiéu,
gom Vi tri (x,, y,) tir khéi Path Function va van téc tham chiéu (v, w) tir khoi
compute_trajectory, bo diéu khién so sanh trang thai thuc té v4i cac gia tri tham
chiéu nay dé tinh toan bo diéu khién vén tc (v, ®) gitip robot bam sat quy dao
mong mudn, giam sai s6 vi tri va goc. Sau do, 2 gia tri (v, ®) ndy duoc chuyén
d6i thanh van toc muc tiéu ting banh xe trai/phai, réi dua vao bd diéu khién dong
co DC.

— B diéu khién PID dam nhiém viéc diéu khién dong co, dam bao hai banh xe dat
ding van tdc da tinh toan tir bo diéu khién cép cao, sau do dung dong hoc thuan

dé cap nhat vi tri hién tai cua robot dua 1én lai bg di€u khién bac cao dé€ so sanh.
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Két qua mé phong:

yd (m)

Nhan xét:

Quy dao mong muén (xd, yd)

27
s
‘7
104
=
z |
@&
/
a I
7/ /
’ I
/
7 !
4 /
7
y /
/7 '
/’ -4
( ___—’—
0 2 4 6 8 10
xd (m)

Y (m)

So sanh quy dao mong mué ., &

- = Quy 630 mong mudn (xd, yd)

9 w— 11y G20 thuc 18 (x, y)

X(m)

Hinh 3.11: Quy dao bét ki va Pap tng ctia hé théng

10

Ta thay bo diéu khién diéu khién robot bam quy dao kha tdt, tuy nhién & cac doan cong

hep thi thuat toan diéu khién chua thuc sy hiéu qua. Robot chua bam sat dugc cac duong

cong ma c6 xu hudng cit goc, gay sai 1éch tai cac khiic cua, tuy nhién 1a khong dang ké.

Nhan xét:

M6 phdng v6i quy dao hinh tron:

Quy dao mong mudn (xd, yd)

-~

So sanh quy dao mong mudn va thyc té

Hinh 3.12: Quy dao mong mudn va dap tng cia hé thong

Sau mot khoang thoi gian ban dau, du chay tir tim duong tron nhung sau 1 khoang thoi

gian quy dao thuc té (x, y) dd bam gan sat quy dao mong mudn (xd, yd) diéu nay ching

t6 b dicu khién c6 kha niang diéu chinh sai léch t6t va robot bam dudng di kha 6n dinh.
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Chuwong 4: XAY DUNG CHUC NANG PIEU HUONG VA NE VAT CAN
CHO XE TU HANH

4.1 Nén tang tich hop thuit toan trong hé thong robot tw hanh

Trong bdi canh cac hé théng robot tu hanh ngdy cang tré nén phirc tap va doi hoi tinh
linh hoat, hiéu ning cao, Robot Operating System 2 (ROS 2) 1a mot nén tang quan trong
tao diéu kién thuén loi cho su phat trién vé linh vuc nay. Pay la mdt framework chiu
trach nhiém déng bo hoa ac module phﬁn mém cua Robot, triru tuong céac chi tiét phﬁn
cting d6i v6i 1ap trinh sinh vién, ngoai ra ROS2 con cung cip cong cu va truc quan hoa
md hinh robot trong méi trudng ao nhu Rviz2, Gazebo, hon thé nira ROS2 ¢6 cong dong
phat trién 16n manh véi hang ngan goi, thu vién mé, giup ddy nhanh qua trinh phat trién
va tuy chinh hé théng robot. Nh¢ vay nhém co thé thudn tién thuc hién céc du an trong

giai doan trién khai, ap dung va kiém thir.

ROS 2 ké thira cau tric phan chia theo node tir ROS 1, dong thoi cai tién dang ké vai
kha ning giao tiép thoi gian thuc, do tré thip, hd tro da ludng, hoat dong tbt trong moi
truong phan tan va cong nghiép. Ros2 c6 cac dic tinh thiét yéu ctia 1 hé didu hanh nhu
kha ning thuc hién céac task song song, giao tiép, trao ddi dir liéu giira cac task, quan li
dit liéu, hon thé nita Ros con duoc phat trién riéng bi¢t vé ca cong cu danh cho viéc thu

nhap, xtr Iy hién thi diéu khién.

Hinh 4.1: So d kién truc giao tiép Ros2

Trong khudén kho dé tai nay, nhom da lya chon ROS 2 [am nén tang trién khai toan bo
hé théng robot tu hanh, két hop véi cac thuat todn tri tué nhan tao nhu Graph SLAM
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dé vé ban do, AMCL dé dinh vi, A* dé hoach dinh duong di, Costmap dé xur 1y vat
can, va bo diéu khién téi wu dé diéu hudng robot. Tat ca cac thanh phan déu duoc phat
trién, m6 phong va kiém thir trong mai truong ROS 2, sir dung cac cong cu truc quan

nhu Rviz2 va Gazebo, ddm bao tinh thuc tién, chinh x4c va kha nang g dung cao.
4.2 M6 hinh AI nhin dang
4.2.1 Téng quan vé thudt todn YOLO

Trong méi trudng van hanh thuc té cia AMR tai cac khu vuc cach ly, phong kham, an
toan khi robot di chuyén cling con ngudi ludn 13 wu tién hang dau. Viéc phét hién nguoi
bang tri tu¢ nhan tao (AI) can dam bao vira nhanh, vira chinh xéc, lai pht hop véi phan
cing gidi han cua robot. Do d6, nhém da lya chon thudt toan YOLO - mdt giai phap
phat hién vat thé thoi gian thuc ndi bat hién nay dé tang hiéu qua nhan dién va dam bao

an toan hé thong.

YOLO (You Only Look Once) 12 m6 hinh mang no-ron tich chdp (CNN) xu ly toan bd
anh chi trong mot lan duy nhat, nhd d6 dat téc d6 nhanh vuot trdi so vai cac phuong
phap truyén théng nhue RCNN. YOLO két hop giita cac 16p tich chap dé trich xuat dic
trung va cac 16p két nbi day du dé dy doan vi tri, xac suat cac ddi twong trén anh. Vi
vu diém vira nhanh vira chinh xac, YOLO rét pht hop cho cac tng dung thoi gian thyc

nhu xe va robot tu hanh.

i
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Hinh 4.2: Kién trac YOLO
4.2.2 Lwa chon mé hinh nhdn dién

Nhom da Iya chon mé hinh YOLOVS, lam gidi phép nhan dién con ngudi vi cac uu diém

noi1 bat sau:
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b§ chinh xdc cao: M6 hinh YOLOv8 dat mic do chinh xac (mAP - Mean
Average Precision) cao trén nhiéu bo dit liéu pho bién nhu COCO, gitp phat hién

dbi twong tin cdy.

Hiéu ning cao, thoi gian dap tmg thip: YOLOVS c6 kha ning xir Iy nhanh, dap
mg yéu cau phat hién ddi tuong trong thoi gian thyc phu hop véi phan cimg
Rasberry pi4 4GB ma nhom str dung.

Pa dang mé hinh: Cung cap nhiéu lya chon vé kich thuéc mé hinh (nano, small,
medium), dé dang tiy chinh phu hop véi diéu kién va yéu cau nhan dién phat

hién ngudi cua nhém

YOLOVS8 hd tro 5 bién thé twong ung voi kich thuéec model tir nho nhat dén 16n nhat

theo size lan, s, m, I, x. Sau day la chi s6 khi thuc hién detection trén tap dir li¢u COCO:

Bang 4.1: Céc bién thé cia YOLOVS

Model Kich thuéc | Map Speed Speed A100 S6 FLOPs(B)
anh dau (50- CPU | TensorRT(ms) | luong
vao(pixels) | 95) ONNX param
(ms)
YOLOv8n 640 37.3 80.4 0.99 3.2 8.7
YOLOVSs 640 44.9 128.4 1.2 11.2 28.6
YOLOvV8m 640 50.2 234.7 1.83 25.9 78.9
YOLOvSI 640 52.9 375.2 2.39 43.7 165.2
YOLOvS8x 640 53.9 479.1 3.53 68.2 257.8

Trong do:

— mAP 50-95: Gia trt mAP (Mean Average Precision) do luong dé chinh xac cua

mo hinh. Gia tri ndy c6 thé dugc tinh dya trén cac ngudng xac suit tir 50% dén
95%

Speed CPU ONNX (ms): Thoi gian xtr 1y trung binh cua mo hinh trén CPU khi
sir dung dinh dang ONNX. Pay 14 thoi gian tinh bang mili gidy (ms) dé mé hinh

du doan trén mot anh.
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— Speed A100 TensorRT (ms): Thoi gian xur ly trung binh cia mé6 hinh trén GPU
A100 khi sir dung TensorRT. Day 1a thoi gian tinh bang mili gidy (ms) dé mo
hinh du doan trén mot anh.

— FLOPs (B): S6 luong phép toan ddu cham dong (Floating Point Operations) tinh
toan bdi mo hinh, don vi tinh 14 ty (B). Pay 1a mot danh gia vé do phuc tap tinh
toan cua mo hinh.

Sau khi danh gia cic mo hinh pretrain, dé tiét kiém tai nguyén va ma van giir dugc do
chinh x4c twong ddi, dap Gmg nhanh véi thoi gian thue trong do an nay s& sir dung phién
ban nano cho nhi¢m vu person detection.

Sau khi da chon dugc phién ban mo6 hinh YOLO, dé c6 thé ap dung mo hinh vao h¢

théng, nhom dé xuét luu d6 thuat toan sau:

| Start |

4

Nhan anh t
camarn

\ 4

Chuyén din énh
ROS sang dinh
dang OpenCV

A 4

Chay mo hinh
YOLO VS

.

Loc class Person

) 4
Z false

< Céngwin >—» /detect person=0 |
|

true
Y
V& khung bao
quanh Publish
topic
detect_person=1

v" \
[EnD |

Hinh 4.3: Luu d6 thuat toan cach ap dung mo hinh YOLO trong hé thong
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Nguyén ly:
Hé thng phat hién ngudi str dung moé hinh YOLOVS hoat dong theo chu trinh xir Iy tudn
ty trén tng khung hinh anh thu dugc tir camera. Dau tién, hé théng nhan anh truc tiép
tir camera gin trén thiét bi va chuyén d6i dinh dang tir ROS (sensor msgs/Image) sang
anh OpenCV (cv::Mat) thong qua CvBridge, gitp thuan tién cho xtr Iy bang thu vién thi
giac may tinh. Sau d6, anh dugc dua truc tiép vao mé hinh YOLOvS dé suy luan. Trong
qua trinh nay, thu vién Ultralytics s& tu dong thyc hién cac budc tién xtr Iy can thiét nhu
thay d6i kich thudc (resize) va chuan hoa gia tri pixel (normalize) theo dung dinh dang
yéu cau clia mang no-ron.
Két qua dau ra ctia mo hinh 1a danh sach cac hop bao (bounding boxes) ing véi cac vt
thé phat hién duoc trong anh, kém theo nhén 16p. Hé théng tiép tuc loc ra cac ddi tuong
c¢6 nhan 1a “person” (16p ngudi). Néu khong phat hién ngudi, hé thong s& xuat tin hiéu
0 lén topic /detect person. Nguoc lai, néu c6 ngudi, hé théng s& vé khung bao quanh
ngudi trong anh va xuat tin hiéu 1 1én topic d6 dé thong bao dén cac node diéu khién
khéc.

4.2.3 Tién hanh mé phong, Két qui mé phong

4.2.3.1 Tién hanh mé phong

M0 phong bao gom hai thanh phan chinh: node camera dau vao va node nhan dién ngudi
st dung YOLOVS.

— D061 voi node camera dau vao:

Pau tién, node camera duoc khoi tao bang cach sir dung package v412_camera trén nén
tang ROS 2, cho phép doc anh truc tiép tir Raspberry Pi Camera Module V2.1 thong qua
Iénh:

ros2 run v412 camera v412 camera node --ros-args -p image_size:="[640, 480]"
— Pdi véi node nhan dién nguoi:

Dé thyc hién viéc nhan dién ngudi node can phai ¢ cac chire ning sau:
a. Nhdn anh tir topic camera

Node ding ky 1am subscriber cua topic /image raw, noi ma anh tir camera dugc xuét ra
du6i dang ROS message kiéu sensor msgs/Image. Day 1a dinh dang chuan trong ROS
nhung khong thé thao tac truc tiép bang cac thu vién xtr Iy anh thong dung trong Python
nhu OpenCV hoac NumPy.
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b. Chuyén doi anh sang dinh dang OpenCV
Pé c6 thé xtr 1y anh bang mo hinh hoc sau, anh ROS can duoc chuyén doi sang dinh
dang anh s6 kiéu mang NumPy (ndarray) do ROS luu anh dudi dang message, khong
phai mang sb hoc, néu dua truc tiép vao hoat dong vé1 YOLOVS s€ khong hoat dong vi
OpenCV va YOLOVS8 yéu cau anh ¢ dang NumPy dé truy cap, xir Iy pixel va dua vao
mo hinh. Viéc chuyén doi nay dugc thyc hién bé‘lng cong cu CvBridge, giup chuyén doi
dir liéu tir sensor_msgs/Image sang dinh dang anh BGR chuan ctia OpenCV:
frame = bridge.imgmsg to cv2(data, 'bgr8')

c. Chay mé hinh YOLOv8n
Sau khi ¢6 anh dinh dang OpenCV, anh duoc dua truc tiép vao mo hinh YOLOVS bang
1énh:
results = self.model(frame)

d. Xir Iy két qua dau ra

Sau khi suy luan, mo6 hinh YOLOVS tra vé danh sach cac dbi tuong dugc phat hién trong
anh, bao gém toa do bounding box, class ID va do tin cady (confidence). Node s€ duyét
qua danh sach nay dé kiém tra c6 nguoi xuat hién hay khong (class ID = 0). Néu phat
hién ngudi, hé théng s& danh dau trang thai va vé khung bao quanh d6i twong trong anh

va n6 duoc thuc hién thong qua cau 1énh sau:
ifcls_id==0:

person_found = True

coords = box.xyxy[0].cpu().numpy().astype(int)
x1,yl, x2, y2 = coords

# Draw rectangle and label

cv2.rectangle(frame, (x1, y1), (x2, y2), (0, 255, 0), 2)

cv2.putText(frame, 'person', (x1, yl - 6), cv2.FONT HERSHEY SIMPLEX,0.5, (O,
255,0),2
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4.2.3.2 Két qui mé phong

Hinh 4.4: Két qua mo phong nhan dién ngudi

Nhan xét:

Qua quan sat két qua nhan dién tir hinh anh dau ra, c6 thé thdy mé hinh YOLOvS hoat
dong kha hiéu qua trong viéc phat hién nguoi, voi do chinh xac t6t va kha niang vé
bounding box dung vi tri di twong. Tuy nhién, thoi gian suy luan ghi nhin dao dong tir
khoang 100ms dén 800ms cho mdi khung hinh, cho thay tbc do xur Iy van con twong ddi
cham so voi yéu cau thoi gian thyuc 1y tudng. Nguyén nhan chil yéu dén tir han ché vé
hiéu nang phan ctng cua Raspberry Pi 4 (RAM 4GB), von khong duge toi wu cho céac

tac vu Al ning, tuy nhién van du dé dap tmg cho dé tai nay.
4.3 Thuit toin vé ban do Graph Slam
4.3.1 Li Thuyét
4.3.1.1 Tong quan vé Graph Slam

Graph Slam biéu dién bai toan SLAM dudi dang mot db thi, v6i cac nit (nodes) thé hién
tu thé robot (poses) va cac diém dic trung ciia moi trudng (landmarks). Cac canh (edges)
ctia d6 thi thé hién mbi quan hé (rang budc) giita cc nit, bao gdm thong tin vé phép do

tir cac cam bién nhu lidar va odometry.
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=X o

Hinh 4.5: D6 thi rang budc pose—landmark trong Graph SLAM

Khi robot di chuyén t&i mot vi tri méi, nat méi dugc thém vao dd thi va két ndi véi nat
truéc bang canh chtra thong tin tir odometry. Pong thoi, khi robot phat hién mot
landmark méi thong qua cac cam bién, niit méi cling duge thém vao va két ndi voi tu
thé ctia robot bang canh do ludng (measurement constraint).
Qua trinh robot quay lai mot khu vuc di timg di chuyén qua duoc goi 1a phat hién dong
vong 1ip (loop closure). Viéc thém cac canh dong vong lip vao do thi gitp hiéu chinh
lai céc sai sb tich lily va cai thién dang ké do chinh x4c ciia ban do

%% Obl\n ;;
1 %005 {>oooo D 6 :

Hinh 4.6: D6 thi Graph SLAM véi rang budc pose, landmark va loop closure

X}> 0000

4.3.1.2 Cach hoat dong cua thudt toan Graph Slam
a. Motion Model

Mo ta cach trang thai ctia robot (vi tri va hudng) thay ddi theo thoi gian khi nhan céac
1énh diéu khién. Dya vao vi tri, huéng hién tai va cac van toc diéu khién, mé hinh s& du
doan robot s& ¢ ddu sau mot khoang thoi gian ngan tiép theo [19].
Piu vao:

— Trang thai trudc do

— Tin hi€u di€u khién: Cac I¢nh nhu van tdc tinh ti€n, van toc goc hoac dir ligu
odometry
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— Khoang thoi gian: thoi gian tac dong cua 1énh diéu khién
Piu ra:

— Du doan tu thé méi

Cong thurc:
Xy = Xe_q + vcos(0,_,) At (4.1)
Y = Vi—1 + vsin(6,_,) At (4.2)
0, = 0;_1 + wAt (4.3)
Vi:

At 13 thoi gian tic dong cta 1énh diéu khién.

— (v, ) 1a van tdc tinh tién va van toc goc.
— (Xt—1,Vt-1,0¢-1) la trang thai trudc cua Robot.
b. Sensor Model

Dy doan cac gia tri do dugc tir cac cam bién cua robot, dua trén trang thai hién tai cua

robot va vi tri cdc moc trong moi trudong.
Cong thuec:

Sensor model (Lidar): do khoang cach va goc gitra robot va landmark:

. . X — 2 Y — 2
Ztl = h(xt!mi) + Ué Vol h(xt! mi) = \/(mlx XtX) y ((mly Xty) 9] (44)

arctan2(m;y — x.y, m;x — X¢X) — X;
c. Ham 16i va ham muc tiéu
Mgdi canh (edge) trong d6 thi Graph SLAM déu c6 mot ham 15i dic trung:

Ham sai s6 gitta do thuc t€ va do dy doan

x; — f(x;,u;),do0i véi odometry 45
e' j = i V o« Yol - *
Y zt] — h(x,, m;),d6i v&i observation
Tong cac 16i nay duge tong hop thanh ham muc tiéu can tdi uu:
, 2
]({xt}: {mi} = Xellxe — f(xt—1;ut—1)”§t + Zt,i”Zé - h(xf’mi)”A{l (4.6)
Trong do6, >, A; 1a ma tran hi¢p phuong sai cho tirng phép do:
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Vi ham muyc tiéu trén 13 phi tuyén, qué trinh giai quyét gom:
Tuyén tinh hoa ham 16i quanh nghiém hi¢n tai:
e(x +6x) = e(x) + Jbx (4.7)
Trong d6 e(x) 1a vector 13i hién tai:
— J1a ma tran Jacobian cua e(x).
— 6x la budc cap nhat nho.
Tiép theo ghép cac ham 13i tuyén tinh hoa thanh hé phuong trinh téng quat, tim Sx:
(ATA)6x = ATh (4.8)
— Ala ma trin Jacobian tong hop tir tit ca céc rang budc.
— B la vector phﬁn con lai tir céc sai s6 hién tai.
Sau do cap nhat cac gia tri do luong va lap lai cho dén khi hoi tu:
xftl = xt(k) + 8x, mktt = mgk) + &m; 4.9)
Luu d6 thuat toan sau s& biéu dién tong quan cach hé thong tao ban d6 thong qua thuat

toan Graph Slam da trinh bay ¢ trén:

1
(pRr = ;(U + wb)

) 1
Prr = ;(U - wb)
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4.3.2 Tién hanh mé phéng Graph Slam
CAu hinh va khéi tao node Slam Toolbox:

Pé 4p dung thuét toan Graph SLAM vao hé théng robot AMR, nhém da lua chon géi
mi ngudn md Slam Toolbox, mot trong nhiing giai phap phd bién va hiéu qua trong
cong dong ROS 2. Goi nay hd tro ddy du ca hai ché d6 van hanh: xdy dung ban d6
(mapping) va dinh vi (localization). Trong qua trinh thir nghiém, hé théng dugc cau hinh
& ché 46 mapping, cho phép robot vira di chuyén vira dong thoi xay dung va tdi wu hoa
ban do trong thoi gian thuc.

CAu hinh hé théng:

— Slam Toolbox duoc khdi tao thong qua file launch va file cdu hinh YAML, véi

céc tham sd quan trong nhu:
= mode: mapping: bat ché do xay dung ban db truc tiép.

= scan_topic: /scan, odom_frame: odom, base frame: base footprint: khai

bao céc topic va khung toa d dau vao.

= transform_publish period: 0.02: cap nhat bién d6i TF & tan sb cao, giup
tang do chinh xac khi két hop dir liéu.

= map update interval: 5.0: ban do duoc cap nhat mdi 5 gidy.
— Ludng dit liéu cam bién va xtr Iy dau vao:
Hé théng nhan dir liéu tu:

— Cam bién Lidar (topic /scan) cung cdp cac tap dir liéu dang tia quét 2D
(LaserScan).
— Odometry (topic /odom) 13y tir bd diéu khién diff drive controller, phan anh
chuyén dong twong ddi cua robot.
Slam Toolbox sir dung scan matching (use_scan_matching: true) dé dinh vi twong d6i
robot giira cac 1an quét, va cap nhat tu thé thong qua b loc tich liy tir dit 1iéu odometry.
— Tbi vu hoa ban do va dong vong lap:
Pé tang do chinh xac cta ban do, hé théng sir dung k¥ thuat dong vong lap (loop
closure), cho phép nhan dién céc vi tri robot da tung di qua. Cac tham sb lién quan bao

gom:
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* do_loop closing: true: bat chirc nang dong vong lap.
" Joop search maximum distance: 3.0: chi thyc hién tim vong 1dp trong
khoang cach tdi da 3m.
= Joop_match minimum_response fine: 0.45: ngudng tin cdy dé xac nhan
mot vong 1ap.
Khi mét vong 1dp dugce phat hién, Slam Toolbox st dung solver Ceres (solver plugin:
solver plugins::CeresSolver) v6i thuat toan t6i wu hoa Levenberg - Marquardt dé hiéu
chinh toan bo db thi, tir d6 giam sai sé tich liy.
- Céc k¥ thuat ting cudng hiéu suat va d6 6n dinh duoc cau hinh thong qua cac
tham sd sau:

= scan_buffer size: 10, scan buffer maximum scan_distance: 10.0: gidi

han luong scan luu trit dé xur 1y.

* minimum_travel distance: 0.5, minimum_travel heading: 0.5: chi thém

node mai khi robot di di chuyén du xa hodc xoay du 16n.

= correlation_search space dimension: 0.5: thu hep khong gian tim kiém

tuong quan, gitp ting téc qua trinh scan matching.

Céc thong s6 nhu angle variance penalty, distance variance penalty ciing dugc hiéu

chinh dé han ché nhiu va cai thién do tin cay cua cac lién két trong do thi.
— Luu ban db va str dung trong dinh vi:
Khi qua trinh tao ban d6 két thuc nhém sé& luu ban dd bang 1énh:
ros2 run nav2_map_server map_saver cli -t /map -f my_ map --free 0.196 --occ 0.65

Sau khi nghién ctru chi tiét vé thuat toan Graph SLAM va cach slam_toolbox thyuc hi¢n
t61 wu hoa do thi tir dit 1iéu Lidar va Odometry, nhom di tién hanh trién khai thuc t& qua
trinh tao ban d6 trén hé théng robot AMR.
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Sau diy la két qua mé phéng:
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Nhén xét:

Ta thiy viéc tao ban d6 bang thuat toan Graph SLAM do goi slam_toolbox hd trg kha
tdt,va diém dic biét 1a khi chay tao ban dd thinh thoang xuét hién hién tuong robot trén
RViz2 bi l1&ch nhe so v&i vi tri thyc té ngoai doi c6 thé do nhiéu cam bién hoic tich lity
sai s odometry, ddc biét khi robot di chuyén qua cac khu vuc nhiéu dic trung tuong tu
nhau hoic méi vao ving chua timg kham phé. Tuy nhién, nhd dic tinh t6i vu hoa toan
cuc va kha nang ty dong phat hi¢n, hi¢u chinh 16i (loop closure) cua thuat toan Graph
SLAM, chi sau mot thoi gian ngén di chuyén va thu thap thém dir liéu, hé théng nhanh

chéng hi¢u chinh lai, gitp vi tri robot trén ban dd déng bo chinh xéc véi thuc té.
4.4 Xac dinh vi tri robot véi thuat toan AMCL

Trong bai toan dinh vi lan nay thi nhom s€ dinh vi robot trén ban dd biét trude, va co 2

phuong phap thuong dugc dung 1a MCL va AMCL la ban mo rdng ctia n6
4.4.1 Li thuyét
4.4.1.1 Nguyén li dinh vi Monte Carlo

Trong bai toan dinh vi robot véi ban dd da co thuat toan Monte Carlo Localization 1a
mot giai phap pho bién dua trén nguyén 1y bo loc xac suat dang Particle Filter. Y tudng
chinh 1a str dung mét tap hop cac hat dé biéu dién cac gia dinh vé vi tri hién tai cta robot

trén ban do.

Tai thoi diém ban dau, khi chua c6 thong tin gi vé robot, cac particle {xgi] N duoc phat
sinh ngéu nhién v&i phan bd déu trén toan bd ban dod sau do robot nhan duoc quan sat

cam bién z,c6 dugc tir viéc quét lidar, thuat toan thuc hién cac budc sau:

Budc 1: Cap nhat trong sd

Mbi particle xt[i]du’qc danh gia bang cach tinh trong sb:
o = p(z,|x!", m) (4.10)
Trong do xt[i]lél vi tri gia dinh cuia particle thir i
— m la ban d6 méi trudng

—  z, 1a phép do tir cam bién
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Budc 2: Du doén chuyén dong:

Khi robot di chuyén véi 1énh diéu khién u, vi tri cua timg particle dugce cap nhat bang

mo hinh ddng hoc c6 nhiéu:

2 p (x| ue) (4.11)

Bude 3: Tai 1ay mau:

Céc particle co trong sb cao dugc gift lai va nhan ban con cac particle sai 1¢éch bi loai bo
4.4.1.2 Thudt toan AMCL

Mic di MCL 14 mot thuét toan hiéu qua vé mat 1y thuyét, nhung khi ap dung trong thuc

te, nd gap mat s6 han che:

— Hiéu suat kém: MCL sir dung ) luong particle ¢ dinh, ké ca khi robot da hoi tu,
gay lang phi tinh toan.

— Khong tu phuc hdi khi mat dinh vi: Néu robot bi "lac", MCL khoéng c6 co ché

thém particle ngiu nhién dé tim lai vi tri.

— Thiéu thich nghi: MCL khong diéu chinh hanh vi theo d9 tin cdy cam bién hoic

chét lugng do dac.

Dé khic phuc vAn dé trén AMCL duoc phat trién nhu 1 ban m& rong, dé thuc hién thi s&

bao gdm céc bude sau [20]:

Bude 1: Khai tao tip particle rong.

Budrc 2: v6i mdi particle x,Ei]thu’c hién:

Lay mau chuyén dong dua trén odometry:

xt[l] ~p(x, |x£l_]1, u,) 4.12)
Tinh trong s6 dya trén quan sat:
a)t[i] = p(zt|xt[i],m) (4.13)
Céap nhat tap Particle tam thoi:
X, « X, U {x1 01} (4.14)
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Tinh trung binh trong sd:
W « % ju a)y] (4.15)

Budc 3: cAp nhit trong sb ngin han va dai han

Trong sb ngan han (Trung binh trong s6 méi nhat):
Wshort < Wshort T Ashort (@ — Wsnort) (4.16)
Trong s6 dai han (Trung binh 6n dinh theo thoi gian):
Wiong < Wiong T Aiong (@ - wlong) (4.17)
Trong d0 Aspore> Arong la € s6 diéu chinh hoc trung binh

Budc 4: Xac suit them particle ngiu nhién

Tinh xé4c suat them Particle ngiu nhién

Prangom = Max (o, 1— M) (4.18)

Wiong
Néu P > 0 bo sung mot s6 lwgng particle ngau nhién rai trén toan b ban do

Budc 5: Resample tap particle chinh thirc: Liy mau lai tir X,

4.4.2 Tién hanh mé phéng AMCL

O phan trén nhom d4 trinh bay tong quan vé cach ap dung AMCL dé dinh vi robot trong
ban dd ¢o sin, nhung may min thay trong thuc té trién khai, nho sy phat trién cua cong
déng ma nguén mo ROS 2, viéc hién thuc héa AMCL da trd nén don gian va thuén tién
hon. Cu thé, ROS 2 cung cip sin goi nav2_amecl — mot node manh mé cho phép thuc
hién dinh vi toan cuc (global localization) bang cach tich hop cac yéu té nhu ban d6 tinh
(occupancy grid), dit li¢u quét Lidar, va thong tin odometry.

Do do, thay vi phai 1ap trinh thuat toan AMCL tu d4u, nhom di tn dung go6inav2 amcl
va tién hanh cdu hinh cac tham s can thiét thong qua file .yaml, Node amcl trong ROS
2 duoc khéi tao qua launch file Python va str dung file YAML dé thiét 1ap cac tham sb
hoat dong. File amcl.yaml dugc chia thanh 4 nhém chinh: ROS2 Interface, Odometry

motion model, Laser model, Resampling.
Péi véi Ros 2 interface:
Céc tham s6 dinh nghia cach amcl.yaml twong tac v6i khung toa do trong hé thong ros2:

— base frame id: "base footprint": Khung toa d6 gin vao than robot.
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— global frame id: "map": Khung toan cuc can dinh vi.
— odom_frame id: "odom" — Khung toa d¢ theo ddi chuyén dong tuong ddi.
— scan_topic: "/scan": Chu dé chira dit liéu tir Lidar 2D.

— tf broadcast: true: Cho phép AMCL phat TF tir map — base footprint, chinh la
két qua dinh vi.

— transform_tolerance: 1.0: D6 tré t6i da cho phép trong viée xtr Iy bién dbi toa do.

Pbi v6i Odometry Motion Model: M6 hinh nay gitip AMCL du doan chuyén dong cia

robot dua trén dir liéu odometry
robot model type: nav_amcl::DifferentialMotionModel: Dang robot banh vi sai.
Céac hé sb nhiéu:
— alphal, alpha2, alpha3, alpha4: 0.2 — Mtrc d6 nhiéu cho ting thanh phan chuyén
dong (tién, xoay).

Ddi vai Sensor Model: Duya trén so sanh gitta dir li€u Lidar va ban dd dé danh gia do tin

cay Vi tri:
— laser model type: "likelihood field"
— z hit: 0.95, z_rand: 0.05 — M6 hinh két hop x4c suat do diing va nhidu ngiu nhién.
— sigma_hit: 0.2 — D6 léch chuan ciia phép do.

Doi v6i Co ché cap nhat va tai 1dy mau particle:

Hé théng su dung particle filter dé lién tuc cap nhat udc luong vi tri robot:
— resample_interval: 1 — Tai 1dy mau ¢ mdi chu ky.
— min_particles: 500, max_particles: 2000 — Gidi han s6 lugng particle.
— update_min_d: 0.25 (m) — Cp nhat néu robot di chuyén it nhat 25cm.
— update_min_a: 0.2 (rad) — Cap nhat néu xoay t6i thiéu 0.2 rad.

— recovery alpha fast, recovery alpha slow: 0.0 — C6 thé kich hoat dé ting kha
niang phuc hdi khi robot bi "lac".
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Sau déy 14 két qua mo phong:

Hinh a Hinh b
- — " i1

Hinh ¢
Hinh 4.10: Két qua moé phong AMCL
Nhan xét:

O Hinh 4.10a, ta str dung ban d6 mdi truong da tao tir thuat toan Graph SLAM & phan
truée. Khi bat dau khoi dong trong RViz2, robot dugc gan vao mét vi tri gde (0, 0) ¢b
dinh trén ban dd, do d6 cac diém laserpoint (mau tim) tring khép kha t6t véi cac dic
trung ctia moi trudng xung quanh trén ban d6 tinh. Sang Hinh 4.10b, néu ta di chuyén
robot vat 1y dén vi tri khac bang cach nhic xe 1én dé chd khac hodc dé yén robot va dung
tinh ndng 2D Pose Estimate dé dt lai vi tri robot trén ban dd, cac laserpoint s& xuat hién
léch so v6i ban do tinh. Piéu nay phan 4nh thyuc té 1a robot trén RViz2 va robot that
khong con dong bo vi tri v6i nhau. O Hinh 4.10¢, khi bat thuat toan AMCL (Adaptive
Monte Carlo Localization), hé thong bat dau sinh ra cic particle mau d6 biéu dién céac

gia dinh vé vi tri robot trén ban d6. Sau mot thoi gian robot di chuyén trong méi trudng,
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thuat toan AMCL str dung dit liéu quét Lidar va odometry dé hoi tu cac particle vé ding
vi tri thuc té ctia robot. Két qua la robot trén RViz2 dugc déng bd trd lai voi robot thuce
ngoai doi — thé hién qua viéc céc laserpoint lai tring khép voi cac dic trung ban d. Qua
d6 ta thay thuat toan AMCL hoat dong kha tét.

4.5 Costmap
4.5.1 Téong quan vé costmap

Costmap 1a mot mo hinh ban d6 khong gian hai chiéu duoc ing dung rong rai trong hé
thong diéu huéng robot di dong, dic biét trong cic nén tang st dung ROS 2. Trong mo
hinh nay, méi trudng duge chia thanh mot ludi 6 (cell), mdi 6 dai dién cho mot khu vuc
nho va mang mot gia tri chi phi phan anh mirc d6 an toan hodc riii ro khi robot di chuyén
qua khu vuc doé.

Gia tri chi phi ctia mdi 6 duoc cap nhat lién tuc dua trén thong tin téng hop tir nhiéu
ngudn:

— Bando tinh tir map_server: Thé hién cac ddi tuong cd dinh nhu tudng, vach ngan.

— Cam bién dong (Lidar, sonar, camera): Phat hién vat can thoi gian thuc.

— Lép lam phat (inflation_layer): M& rong ving nguy hiém xung quanh vat can,
dam bao robot giir khoang cach an toan khi di chuyén.

Costmap phan loai khong gian thanh nam vung theo murc d rui ro:

— Lethal Obstacle (254-255): Pai dién cho 6 c6 vit can nguy hiém (vt thé rin nhu
turong, hop, nguoi...). Robot tuyét ddi khong duoc di chuyén vao cac 6 nay, vi
diéu d6 dong nghia v6i va cham chic chén.

— Inscribed Inflated Obstacle (~253): Cac 6 nam trong ban kinh va cham so v&i vat
can. Néu tim robot nam trong ving nay, kha niang va cham 4 rt cao. Thuong
dugc dinh nghia 1a chi phi xap xi 253, gan sat ngudng nguy hiém.

— Possibly Circumscribed (~128-252): Ving lam phét — chi phi giam dan theo
khoang céach tir vat can. Trong viing ndy, robot van cé thé di qua, nhung can danh
gia k§ huéng di chuyén va kich thudc robot.

— Free Space (0): Pai dién cho khu vuc an toan tuyét ddi, khong ¢ vat can, robot
c6 thé tu do di chuyén.
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— Unknown Space (255) hodc -1 (NO_INFORMATION): Vung chua c6 dir licu
cam bién (vi du: ngoai pham vi Lidar, chua tirng dugc quét). Robot can than trong
khi di vao, vi khong xac dinh dugc mirc do an toan.

l'lll[::‘:':'-“

r o
ey oM |lathel= 54 1 ranegs af COIs esaning
I definitely in collision

e “Coupate obitacls 1
£ OEN_insorimed= 153 < range of COSTS Meaning
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Idwg-arein on. oriertsbon

range of Casls meareng
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s

[ R —
ohytscla call
Idmubie]

Hinh 4.11: Cac gia tri ca ban dd trong s6 anh hudng t&i hoat dong ctia robot
4.5.2 Tién hanh mé phéng Costmap

Trong ROS 2, gbi nav2_costmap 2d di hd trg day da cho viéc xay dung va quan ly
costmap thong qua co ché plugin. Céc 16p trong costmap c6 thé d& dang duoc ciu hinh

thong qua tép YAML, mang lai sy linh hoat trong qué trinh thiét ké hé théng diéu hudng.

Vi vay, trong dé tai nay, nhom di st dung nav2_costmap 2d dé trién khai hé thong
costmap, phuc vu cho ca qué trinh 1ap ké hoach toan cuc (global planner) va tranh vat
can cuc bo (local planner). Cau hinh costmap gém ba 1ép chinh: static_ layer,
obstacle layer va inflation_layer, dugc diéu chinh dé phu hop véi robot thyc nghiém

cua nhom.
4.5.2.1 Lop static_layer

— Nhiém vu: C6 nhiém vu tai ban dd tinh tir topic /map dugc phat boi node
map_server. Ban db nay thuong duoc xay dung trudc bang cac thuat toan SLAM
hodc nap san tir file .pgm/.yaml, va chira thong tin vé cac chudng ngai vat c6 dinh

nhu tuong, cot, vach ngan,...
— CAu hinh: static_layer:
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* plugin: "nav2 costmap_2d::StaticLayer"
* map_topic: /map
* map_subscribe transient local: true

Tham s0 map_subscribe_transient local dugc bat nham dam bdo cac node subscriber
maoi luén nhan dugce ban do hién tai, ké ca khi chu dé da dugc phat trude do. Di€u nay

gitip hé thdng duy tri tinh nhat quan trong qué trinh cap nhat va sir dung costmap.
4.5.2.2 Lop obstacle layer

Nhi¢m vu: Chiu trach nhi¢m xtr 1y dit li¢u cam bién thoi gian thyc tu. Dt li€u nay dugc
sir dung dé danh dau (marking) cac vat can méi xuat hién va xoa (clearing) cac vat can
khong con trong tim quét. Co ché nay giup ban d6 chi phi phan anh kip thoi sy thay doi

cuia moi trudong xung quanh robot.
CAu hinh: obstacle layer:
— plugin: "nav2_costmap_2d::ObstacleLayer"
— enabled: true
— observation_sources: scan
— scan:
— topic: /scan
— data_type: "LaserScan"
— marking: true
— clearing: true
— obstacle min_range: 0.0
— obstacle max_range: 2.5
— raytrace_min_range: 0.0
— raytrace_max_range: 3.0
— max_obstacle height: 2.0

Céc thong sé nhu obstacle max_range va raytrace_max_range xac dinh pham vi phat
hién va xur 1y vat thé, trong do, raytracing dugc dung dé xac dinh ving khoéng con vat

can nham cap nhat lai costmap. Tham s6 max_obstacle height gidi han chiéu cao ctia
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vat thé can xét, gitp loai bd cac doi tuong khong lién quan nhu vat thé treo cao hodc

thap hon tam di chuyén ciia robot.
c. Lop Inflation
Nhiém vu: Mé rong ving nguy hiém xung quanh cac vat can di duoc phat hién, nham
tao ra mot vung dém an toan gitip robot duy tri khoang cach hop ly trong qué trinh di
chuyén. Pay 13 16p hd trg quan trong dé tranh va cham trong cac khong gian hep hoic
khi c6 sai s6 diéu khién.
Céu hinh: inflation_layer:

— plugin: "nav2_costmap_ 2d::InflationLayer"

— inflation_radius: 0.35

— cost_scaling_factor: 3.0

Tham sb inflation_radius x4c dinh ban kinh tdi da ma chi phi dugc mo rong tinh tir vat
can (¢ day 1a 0.35m).

cost_scaling_factor diéu chinh toc d6 giam dan cta chi phi theo khoang cach — hé s6
cang cao thi chi phi gidm cang nhanh va vung chi phi cao sé€ thu hep lai.

Nho 16p lam phat, cac thuat toan diéu hudng co thé dua ra 16 trinh tranh xa céc ving c6
nguy co cao, ddm bao an toan cho robot trong cd moi truong tinh va moi truong cod

chudng ngai vat dong

Két qua md phong:

—veas Wl 1TARIiE W Lah Vo P S e [po—

e R N ST # o WA TR WAl e - e g tike

Hinh b

Hinh 4.12: Két qua mé phong Costmap
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Nhén xét:

O Hinh 4.12a 13 khi ta bat costmap v&i ban dd tinh (ban dd c6 sin d3 duoc tao tir thuat
toan Graph Slam & trén) va Hinh 4.12b 1 ban do costmap vé6i vat can dong dit ¢ phia

sau robot va tong quan thi ban d6 s& c6 4 mau:
— Mau tréng xam: La khu vuc tu do
— Mau hdng d6 la: Vung inflation chi phi thap

— Mau xanh duong nhat: Ving inflation chi phi cao gin nhu khong tao dudng di

qua d6 dugc, ving xanh 14 ngoai ban d6 1a ving khong xac dinh
4.6 Thuat toan A* hoach dinh duwong di
4.6.1 Tong quan thudt toin A*

Trong diéu hudng cho robot, dé robot dén duoc vi tri mong mudn, ta phai dua ra mot ké
hoach duong di tir diém bat dau (vi tri hién tai) dén diém két thuc duong di, ta can phai
chon dudng di ngan nhat giita 2 diém d6, va doi véi dé tai ndy nhom sir dung thuat toan
A* dé tim duong di tir diém bat dau tdi diém dich mot cach ngan va hiéu qua nhat, day
12 mot thudt toan tim kiém theo co ché heuristic, tirc 14 n6 st dung thong tin du doan dé
huéng dan qua trinh tim kiém. Thuat toan nay két hop giita tim kiém theo chi phi thap
nhit (like Dijkstra) va tim kiém theo chiéu siu (depth-first search), gitip tim ra dudng di
ngan nhat mot cach nhanh chong. Thuét toan A* (Ldi! Khong tim thiy ngudn tham
chiéu.) 13 mét trong nhiing giai phap hiéu qua va phd bién nhat dé tim duong di téi vu
c6 chi phi thap nhat trén d6 thi, trong d0, chi phi dudng di duoc dinh nghia 14 cac tong

cac trong s6 duong cuia cac canh trén duong di [21].

Thuat toan A*:

1: OPEN « {1}

2: past_cost[1] < 0, past_cost[node] <« infinity for node € {2, ..., N}
3: while OPEN is not empty do

4:  current « first node in OPEN, remove from OPEN

5 add current to CLOSED

6: if current is in the goal set then

7

return SUCCESS and the path to current
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8: end if
9:  for each nbr of current not in CLOSED do

10: tentative_past_cost «— past_cost[current] + cost[current, nbr]
11: if tentative past cost < past_cost[nbr] then

12: past_cost[nbr] « tentative past cost

13: parent[nbr] < current

14: put (or move) nbr in sorted list OPEN according to

est_total cost[nbr] «— past cost[nbr] + heuristic_cost to go(nbr)
15: end if
16: end for
17: end while
18: return FAILURE

Gia str dd thi dugc mé ta bang tap cac nut N = {1, 2, ...., N} trong d6 nit 1 1 khoi dau.
bd canh dugc luu trong ma tran cost[nodel, node2], voi mdi phén tir dai dién cho chi
phi di chuyén tir node 1 dén node2.Néu khong c6 canh ndi gitta 2 nut, phan tir tuong
ung s€ mang gia tri am.

A* sit dung cac cau truc dir li€u chinh sau:

— Open: Danh sach cac niit dang chd duoc mé rong dugce sap xép theo tong chi phi

ude luong nho nhat
— Closed: Danh sach cac nit da dugc mo rong

— Past_cost[node]: Chi phi nhé nhat tim dugc cho dén hién tai dé di tir nat khoi dau

dén node

— Parent[node]: Mang thé hién cdy tim kiém trong d6 mdi niit luu lai niit cha gan

nhit dé truy vét duong di sau cung.

Qua trinh tao duwong di:

Khai tao: Open: Khoi tao voi niit bat dau 1, Past cost[1]=0 tt ca ca past_cost [node#

1) duogc dat 1a vo cung, Parent[1] dé tréng hodc gan null
— Tién trinh thuat toan:
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1. Tai mdi vong lap 1y nit dau tién trong danh sach OPEN (niit ¢6 tong chi phi uwdc

luong nho nhat) va dat 1a current.

2. Néu current nim trong tap nat dich, thuat toan két thuc, duong di t6i wu duogc

truy vét nguoc tir current vé start thong qua mang parent

3. Néu khong them current vao Closed, duyét qua tit ca cac nit lang giéng nbr cta

current chua nam trong CLOSED.
4. Tinh chi phi tam thoi dé di dén nbr:
tentative past cost = pastcost[current] + cost[current,nbr]
5. Néu tentative _past_cost < past_cost[nbr], cdp nhat:
pastcost[nbr] = tentative past cost
parent[nbr| = current
6. Thém hoic di chuyén nbr vao OPEN, dugc sip xép theo tong chi phi wéc luoc:
est total cost[nbr] = pastcost[nbr] + heuristic_cost[nbr]

Ham heuristic 13 u6c luong chi phi thip nhat tir node dén nat dich. Pé dam bao tim ra
duong di tdi uu, Heuristic can thoa man tinh khong danh gia cao(admissible) tic 1a ludn
nho hon hoic bang chi phi thuc té.

4.6.2 Tién hanh mé phong thudt todn A*
Két qua mo phong thuat toan A* khi ¢ vat can va khong c6 vat can:

= g - x| — L e

o (TRt T L (LT an b

N A - b 5 BT B T W e ‘ L T | — -

Hinh a: Khi khéng co vit can Hinh b: Khi ¢ vat can dong

Hinh 4.13: Két qua m6 phong thuat toan A*

73
SVTH: Lé Tuén Son GVHD: TS. Tran Thi Minh Dung

Tran Van Quéc Bao



Nghién cieu g dung Al diéu khién xe tw hanh
Nhén xét:

Pé c6 thé tao dudng di A* nhu két qua & Hinh 4.13, trude tién ta can phai chon diém
dich ma robot mubn dén béng cach dung 2D goal Pose trong rviz2, sau khi chon thuat
toan s€ v€ duong di tu robot to1 vi tri dich, duong di d6 duoc biéu dién 1a duong mau
xanh 14 cdy trong hinh, ta nhan théy duong dugc tao ra ¢6 hoi cong nhung khd muot,

gitip robot dé dang c6 thé bam theo.
4.7 Piéu khién bam dwong di va Né vit can
4.7.1 Diéu khién bam dwong di
Hé théng diéu hudng robot st dung thuat toan A* dé lap ké hoach duong di va thuat

toan Backstepping Controller (két hgp PID) dé bam duong (Hinh 4.14) va diéu khién

robot di chuyén an toan trong mdi truong c6 vat can.
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Nhén ban d6 da Pinh vi robot
bic¢u Hurdng Robot » tao tir thudt toan > trong ban » Kich hoat costmap
Graph Slam do(AMCL)
Y
Lap ké hoach _
durong di thuat |« Pit goal muon t6i
toan A*

A

Theo doi va bam
. dudng . » Robot di chuyén
di(Backstepping ’
Controller)
A
Y
False Giam sat an toan

Tai Goal?

Hinh 4.14: Luu d0 quy trinh diéu hudng robot bam duong di
Nguyén ly hoat dong:

Hé thdng diéu hudng robot dugc thiét ké véi chu trinh xir 1y tuan tu tir khoi tao ban dd
dén diéu khién va gidm sat an toan trong mdi trudng thyuc. Dau tién, robot sit dung ban
dd da duogc xay dung tir trude bang thuit toan Graph SLAM, ban dd nay duoc nap vao
hé théng qua map_server. Sau d6, robot tién hanh dinh vi trong ban d6 thong qua thuét
toan AMCL (Adaptive Monte Carlo Localization) st dung dir li¢u LiDAR va odometry

dé xac dinh chinh xac vi tri hién tai ctia robot trén ban do tinh.

Tiép theo, hé thdng kich hoat costmap, trong d6 bao gém ca global costmap va
local _costmap. Costmap sé& két hop giita ban d tinh va cac thong tin cam bién dong tir
LiDAR dé phat hién vat can thoi gian thyc. Nguoi dung sau do6 sé dat mot diém dén
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(goal), va hé thong sé& sir dung thuat toan A* dé 1ap ké hoach dudng di toan cuc tir vi tri

hién tai dén vi tri myc tiéu, dua trén global costmap.

Puong di toan cuc sau khi dugc 1ap boi thuat toan A* s€ dugc truyén dén bo diéu khién
chuyén dong. Tai day, hé théng st dung Backstepping Controller dé diéu khién robot
bam sat quy dao da dinh, dam bao chuyén dong muot ma, on dinh va chinh xac trong
sudt qua trinh di chuyén. Trong khi thuc thi 16 trinh, robot dugc giam sat lién tuc boi hé
thng Safety Supervisor, v6i nhiém vu theo ddi cac nguy co tiém an trong méi truong
xung quanh. Hé théng nay khai thac dit liéu tir cam bién LiDAR va tin hiéu phat hién
nguoi tr moé hinh YOLOVS, nham phat hién kip thoi cac tinh huéng nguy hiém nhu vat
can di dong hodc con nguoi xuat hién bat ngo trong vung hoat dong. Khi phat hién su
cd, robot s& lap tirc dua ra phan Gmg pht hgp dam bao qua trinh van hanh ludn an toan
va thich tng véi moi trudong dong.

Két qua md phong bam dwong di cia xe:

s — e —— ._._1

Hinh ¢

Hinh 4.15: Qua trinh m6 phdng bam duong di
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Nhén xét:

Robot bam dudng kha tot , tuy nhién & duong cong thi robot luc dau bam tdm robot hoi

1éch so v6i duong di nhung rat nhanh chéng c6 thé 6n dinh lai.
4.7.2 Né vit can

Nhom sé& diéu khién robot né vat can dua vao hai tac dong chinh:
— Con ngudi xuét hién trong ving 1am viéc.

— Vatcan dong bat ngo xuét hién trén duong di do thuat toan A lap ké hoach, duoc
phat hién boi LIDAR.

4.7.2.1 Doi véi con nguwoi

Nhu di trinh bay & phan dp dung Al thuat toan YOLOVS sé lién tuc phan tich hinh anh
tir camera dé nhan dién con nguoi xuat hién trong khu vuc lam viéc cua robot. Khi phat
hién nguoi, hé théng s& giri tin hiéu tdi topic /person_detected, node safety supervisor

sau d6 s& subcribe dé xur li.
4.7.2.2 Doi véi vit cin dpng bit ngo (tir LIDAR)

Robot str dung dit liéu LIDAR dé kiém tra xem vt can c6 xuat hién gan dudng di (path)

do thudt toan A* tao ra hay khong, thong qua cac budce tinh todn sau:
— Tinh toan vi tri vat can trong h¢ robot:
Xjigar = T X €0s(@) , Viigar =T X sin(a) (4.19)
Vi r 1a khodng cach do dugce va a 1a gbe quét tung tia lidar
— Tiép theo chuyén sang hé ban d6 (map):

Str dung phép bién ddi toa do (TF), diém vt can duoc chuyén sang h¢ toa dd toan cuc

xmap Xilidar

Y Vi

ZZZZ = lrobot-map llgar (4.20)
1 1

Trong do:
—  (Xtigar Yiiaar) 12 Vi tri vat can trong hé robot.

—  (Xmap» Ymap) 12 vi tri vat can trong hé ban do6 toan cuc.
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Trobot—-map 1& ma tran ddng nhit 4x4 mo ta vi tri va huéng cua robot trong ban
do.
Gom nhom cac diém laserpoint gan nhau:

Néu cac diém laserpoint c6 khoang cach nho hon mét ngudng xac dinh ching s& dugc
gom lai thanh 1 cum dé tranh nhan dién trung lip théng thuong ta chon diém gan robot

nhat trong um dé dai dién vi tri vat can:

dij = (xi — %)% + (v — ¥j)? (4.21)

dij < depseer thi hai diém I va j thudc cing mot cum

- Kiém tra vi tri vat can so v6&i duong di:

V&i mdi vat can dai dién tinh khoang cash timg diém trén duong di da 1ap ké hoach

dpath = min\/(xmap - xk)z + (Ymap - YR)Z (4.22)
Néu Apath <Athresnola» robot kich hoat ché d6 né vat can giri tin hiéu vao topic
obstacle box dé safety supervisor xir Ii.

Va qua trinh xir i nhan dang vat can gan duong di sé dugc biéu dién dudi dang luu do

thuat toan nhu sau:
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Bat dau,
Ehat tao
Obstacle box=0

Nhén dit liéu Lidar

Co duing di A*

False

False

v

Lay Laser point
trong ving
danger distance va
danger angle

Chuyén 5131' toa do
cdc diém sang
Map frame

v

Liap qua timg diém
trén Path Tinh
khoang cach vit
can dén path

Nl_lém Cluster cac
diem lai v61 nhau,
Obstacle box=0

Obstacle box=1

False

Hinh 4.16: Luu do thuat toan xt 1y nhan dang vat can
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Két qua md phong né vat can bat ngd xuét hién trén duwong di

[ e L s PO T T S P IV AT
. — o — P ot e o PR—

Hinh ¢
Hinh 4.17: Két qua mo phong né vét can bat ngo
Nhén xét:

Mb phong cho thdy xe c6 kha ning phat hién va né tranh vat can bt ngd mot cach hiéu
qua, nhd két hop cam bién LiDAR va thuat toan diéu huéng thoi gian thuc. Hé thong
phan hoi nhanh, duy tri duoc quy dao an toan ma khong can can thiép thi cong, thé hién

tinh linh hoat va d¢ tin cay cao trong moi trudng phure tap.

Sau khi hé théng di tich hop kha ning phat hién vat can bang Lidar va nhan dién ngudi
béng camera s dung mo6 hinh YOLOVS, toan bd logic né tranh vat can s€ duoc thé hién

thong qua luu do thuat toan sau:
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R <bir Per el e . .
Persoas® in 25 ) Robo! &mg lai Rodot 1 2 Persea=| > -
self unme J n

Hinh 4.18: Luu do thuat toan Nguyén li né vat can robot

Nguyén 1y hoat dong hé thong diéu hudng va né vat can:

Hé théng diéu hudng va né vat can cua robot Hinh 4.18, dugc thiét ké dua trén sy phéi
hop gita cac module 14p ké hoach duong di (A* planner), diéu khién bam duong
(Backstepping Controller), dinh vi (AMCL), nhan di¢n vat can béng Lidar, nhan dién
ngudi bang YOLO va giam sat an toan tong thé thong qua Safety Supervisor. Sau khi
khoi dong, robot nhan ban d6 méi trudng xay dung sin tir thuit toan Graph SLAM va
xac dinh vi tri hién tai nhd AMCL. Khi nguoi dung dat vi tri dich, thuat toan A* s€ lap
ké hoach, tao ra duong di tdi wu tir vi tri hién tai t6i dich, giri sang bo diéu khién bam
duong. Bo diéu khién Backstepping lién tuc diéu chinh van téc dé robot bam sat quy
dao tham chiéu, dong thoi cap nhat ban d6 dong quanh robot dya trén dir liéu Lidar dé

phat hién vat cdn méi xuat hién.
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Moi qué trinh di chuyén déu dugc gidm sat boi node Safety Supervisor. Néu phat hién
ngudi xuat hién trong ving nguy hiém théng qua camera YOLO, robot s& ding lai ngay
1ap tirc va chi tiép tuc di chuyén khi ving nguy hiém khong con ngudi trong mot khoang
thoi gian cooldown dam bao an toan. Trong trudng hop phat hién vat can bt ngd trén
duong di (phan tich dir li¢u Lidar, so vé1 vi tri trén quy dao), robot s€ lui lai trong thot
gian ngan dé tranh va cham, sau d6 ding lai, xoa dudng di cii va gui lai goal cho planner
1ap lai duong di mai véi ban dd da cap nhat vat can. Trong moi tinh huéng, néu df“mg
thoi phat hién ca nguoi 1an vat can, robot ludn wu tién dimg vi sy an toan ctia con ngudi.
Qua trinh bam duong, phat hién va xtr ly vat can, nhan dién nguoi va lap lai duong di
s& 1ap lai lién tuc cho dén khi robot di chuyén dén vi tri dich véi sai s6 cho phép, ltic nay

robot s¢ tu dong dung lai.
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CHUONG 5: THI CONG VA KET QUA THU'C NGHIEM

5.1 Thiét ké phan cimg hé thong xe tw hanh

Trong dé tai nay, nhom quyét dinh tiép can theo hudng don gian hoa mé hinh thay vi
trién khai theo thiét ké ban du véi kich thude thuc té. Cu thé, thay vi phét trién mot xe
ty hanh ¢ 16n c6 kha ning van chuyén khdi luong 16n vét tu y té trong méi truong bénh
vién hodc co sé y té, nhom lua chon xay dung mot phién ban thu gon véi kich thude
nho hon, chi tich hop cac chirc ning cbt 16i nhu: bam quy dao dinh sin, phat hién va
tranh nguoi di chuyén trong khu vuc hoat dong, né tranh vat can xuAt hién bat ngo trén

duong di, va tim kiém duong di t6i wu trong méi trudng hep, nhidu chudng ngai vat.

Cach tiép cén nay cho phép nhom tip trung toan luc vao viéc nghién ciru, phat trién va
tinh chinh céc thuat toan diéu huéng, xu 1y dit liéu tir cam bién va diéu khién chuyén
dong — nhimng yéu t then chét quyét dinh mirc do thong minh, d6 6n dinh va hiéu qua
hoat dong ctuia hé théng robot ty hanh. Viéc loai bo nhiing yéu td phtrc tap lién quan dén
kich thudc 16n va kha ning tai trong cao khong chi giap mo hinh tré nén gon nhe va dé
kiém soat hon ma con gitp ddy nhanh qua trinh ché tao, giam thoi gian lap rap, dé dang
thir nghiém trong khong gian han ché ctia phong thi nghiém va tiét kiém dang ké chi phi

phat trién.

Hon nita, trong bdi canh nhém nghién ciru d6i mat véi nhitng gidi han vé ngudn luc ki
thuat va tai chinh, lya chon trién khai mé hinh & quy mé nhé 1a mot hudéng di hop 1y va
kha thi. Du kich thudc duoc t6i gian, mé hinh van thé hién day du cac nguyén 1y hoat
dong co ban, cac kha ning ¢t 161 ma mot hé thong AMR (Autonomous Mobile Robot)
can c6, dong thoi mé ra kha ning mo rong va nang cap trong tuong lai. Pay dugc xem
1a bude di quan trong mang tinh chién lugc, khong chi giup giam thiéu rii ro trong giai
doan phat trién ban ddu ma con tao nén tang viing chic dé tién téi xay dung cac phién

ban robot ty hanh hoan chinh hon trong tuong lai
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5.1.1 Chon dpng co cho hé thong

Nhém chon dong co JGB37-520 vi moment 16m, c6 encoder va phu hop dan dong vi sai
khi xe mang tai v6i cac thong sé k¥ thuat cia dong co JGB37-520 duoc trinh bay trong.

Hinh 5.1: Bong Co DC giam téc JGB37-520 12V
Bang 5.1: Thong s6 k¥ thuat dong co JGB37-520

Di¢n 4p hoat dong 12V
Cong suit 15W
Dong khong tai <1A
Dong chiu dung tbi da khi c6 tai 2.3A
Téc d6 khong tai 110RPM
Téc d6 chiu dung t6i da khi co tai 85RPM
Moment xoadn dinh mirc cua dong co 10Kg.cm
Luc 1éo Moment tbi da 15Kg.cm
Chiéu dai hop s6 L 24mm
S6 xung Encoder mdi kénh trén 1 vong 11 x 90 = 990 xung
quay tryc chinh

5.1.2 Lwa chgn bdanh xe
Nhom chon banh chu dong 65mm va mot banh da hudng trude, cac thong sé ki thuat
ctia banh xe dugc thé hién trong bang 5.1, @& dam bao can bang, d& diéu hudng va phu

hop dan dong vi sai.

84
SVTH: L& Tuén Son GVHD: TS. Tran Thi Minh Dung

Tran Van Quéc Bao



Nghién ciru iing dung Al diéu khién xe tw hanh

Hinh 5.2: Banh xe 65mm khdp luc gidc 12mm va banh xe da hudng 38x32x33mm
Bang 5.2: Thong s6 k¥ thuat banh xe

Duong kinh banh cao su 65 mm
Bé rong banh cao su 27 mm
Banh xe da hudng 38x32x33 mm
Chét liéu Nhua, mut, cao su

5.1.3 Lwa chon nguon dién
Hé thong st dung pin sac du phong iValue Y1-5 (10.000mAh, sac nhanh 3A—15W) dé
cap nguodn cho Raspberry Pi 4, dam bao hoat dong 6n dinh 23 tiéng. Ba cell Li-ion
18650 (3.7 V) méc nbi tiép duoc dung cap nguodn cho hai dong co qua driver L298N.

Hinh 5.3: Pin du phong I.value va khay pin 3 cell 18650
5.1.4 Raspberry Pi 4 Model B
Raspberry Pi 4 duoc lya chon nhd hiéu niang xir Iy manh, hd trg tdt cho ROS 2 va cac

tac vu Al trong bang 5.3, phu hop trién khai cac thudt toan SLAM, A* va nhédn dién

hinh anh trong thoi gian thue.
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Hinh 5.4: Raspberry Pi 4 Model B

Bang 5.3: Thong s6 k¥ thuat Raspberry Pi 4

Vi xit 1§ Broadcom BCM271 1, Quad-core Cortex-A72
(ARM v8) 64-bit SoC @ 1.5GHz
RAM 4GB LPDDR4-2400 SDRAM
Wi-Fi IEEE 802.1lac, bing tan 2.4GHz va 5.0GHz
Bluetooth Bluetooth 5.0, BLE
Cong mang Gigabit Ethernet
USB 2xUSB3.0,2x USB 2.0
GPIO 40 chan, turong thich v&i cac phién ban trude
Cong AV AV 4 chan (4m thanh va video)
Luu triv Khe cim thé Micro-SD
Ngudn chp 5V -3A ,q.ua f:fx)ng USB-C, hoac 5V qua GPIO
header (t61 thi€u 3A)

Vai tro cia Raspberry Pi 4 Model B:

— Xt ly hinh anh tr camera d€ nhan di¢n vat can, vach dudong hodc doi tuong can

tracking bang Al.
— Chay md hinh AI (nhu YOLO, TensorFlow Lite) phuc vu dinh huéng va ra quyét
dinh.
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— Giao tiép v6i cac vi diéu khién nhu Arduino dé giri 1énh diéu khién banh xe, cam
bién.
— Quan Iy hé théng: két ndi Wi-Fi, truyén nhén dit liéu, luu trit log.
— Cai hé diéu hanh Ubuntu 22.04 kém ROS2 Humble
5.1.5 Arduino UNO R3

Arduino Uno dugc chon vi dé lap trinh, 6n dinh va tuong thich tdt v4i encoder, cam

bién va driver dong co.

INITALY 7 —

Hinh 5.5: Arduino UNO R3
Béng 5.4: Thong s6 ki thuat Arduino Uno R3

Vi diéu khién chinh ATmega328P
bién &p hoat dong 5V
Dién 4p dau vao (khuyén nghi) 7-12V
S6 chan Digital 1/0 14 (trong d6 6 chan PWM)
S6 chan Analog Input 6
Tan sb hoat dong 16 MHz
B6 nhé Flash 32 KB (0.5 KB dung cho bootloader)

Vai tro caa Arduino UNO R3:

— Doc tin hi¢u encoder tir dong co JGB37-520

— Diéu khién dong co thong qua mach L298N (bat/tat, dao chiéu, PWM diéu téc)

— Nhan 1énh diéu khién tur Raspberry Pi 4 va thuc thi cac tac vy phén cung theo
thoi gian thue
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— X ly tin hiéu & tang thap, ddm bao phan hoi nhanh va 6n dinh.
5.1.6 Mach diéu khién dpng co L298N
Mach diéu khién dong co L298N dugc chon, vi ¢6 kha nang diéu khién hai dong co DC
doc lap, chiu dong 16n (téi da 2A/motor), dé tich hop v&1 Arduino va phu hgp cho hé

dan dong vi sai.

Hinh 5.6: Mach diéu khién dong co L298N
Bang 5.5: Thong s6 ki thuat L298N

Module diéu khién 2A L298N
Chip diéu khién Cap H-Bridge L298N
Pién 4p cap cho dong co (T6i da) 46V
Dong dién cap dong co (ti da) 2A
Dién 4p logic 5V
bién &p hoat dong cua IC 5+35V
Dong di¢n hoat dong IC 2A
Dong logic 0+36mA
Cong suit toi da (W) 25W

Vai tro ciia Mach diéu khién déng co L298N:

— Piéu khién téc d6 va chiéu quay cua dong co thong qua tin hiéu PWM tir Arduino

Cap dong 16n cho dong co (1én dén 2A mdi kénh)

— Bao vé mach diéu khién nho tich hop diode chdng nhidu va IC 6n 4p 5V

H5 trg diéu khién 2 dong co DC hoidc 1 dong co budc.
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5.1.7 Cim bién RPLIDAR AIMS
Cam bién RPLIDAR A1MS dugc chon vi ¢6 thong sé ki thuat phu hop trong bang 5.6
nhu kha ning quét 360°, tim quét xa tdi 12m, téc do quét cao (6+10Hz), phu hop cho

ban do hoa va tranh vat can trong khong gian hep ctia moi trudong kho.

e

Hinh 5.7: Cam bién RPLIDAR A1M8
Bang 5.6: Thong s6 k¥ thuat RPLIDAR A1MS8

Phuong phap do khoang cach Phép tam giac (Triangulation)
Loai dong co quay Pong co DC chdi than
Pién 4p hé thong 5VDC
Giao tiép dau ra UART Serial (muc dién ap 3.3V)
Pham vi do 0.15+12 mét
Tan s6 ldy mau 8000 mau/gidy (8KHz)
Téc do quay 5.5 vong/giay (Hz)
D0 phan giai goc <I°
Goc quét 360°

Vai tro ciia cam bién RPLIDAR A1MS:

—  Quét va phat hi¢n vat can xung quanh xe theo moi hudéng
— Tao ban d6 méi trudng phuc vu dinh vi va SLAM
— HO tro hé théng Al xé4c dinh dudong di an toan va tranh va cham

— Cung cap dir li¢u do sau chinh xac hon cam bién si€éu am trong pham vi rong
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5.1.8 Raspberry Pi Camera Module V2.1 — 8MP

Camera Raspberry Pi V2.1 duoc lya chon nho kha nang ghi hinh sac nét, phut hop cho

cac tac vu nhan dién, theo doi va xtr 1y hinh anh trong h¢ théng xe tu hanh.

Hinh 5.8: Raspberry Pi Camera Module V2.1 — 8MP

Bang 5.7: Thong s k¥ thuat camera Raspberry Pi

Cam bién Sony IMX219

b0 phan giai 8MP (3280 x 2464 pixels)

H6 tro video 1080p30, 720p60, 480p90

Ong kinh C4 dinh (fixed - focus)

Goc nhin (FOV) 62.2° ngang, 48.8° doc

Khoang ldy nét ~Im

Két nbi CSI (Camera Serial Interface) bang cap ribbon

Nguon cap Qua cong CSI — khong can nguon riéng

Hé diéu hanh hd tro Raspberry Pi OS, hd tr¢ libcamera, picamera2, OpenCV

5.1.9 Thiét ké kién triic hé thong diéu khién trong dé tai

Duya trén dinh huéng tir thiét ké 1y twong néu & muc 2.4.1 va lya chon lai linh kién. Dé
minh hoa 16 hon cach bé tri cac thanh phén trén mo hinh xe tu hanh duoc thiét ké trong
d@ tai, mat cat Hinh 5.9 thé hién vi tri lép dat tuong dbi cua cac phﬁn tir chinh nhu: Bo
vi diéu khién (Arduino), may tinh nhung (Raspberry Pi 4), pin, mo-dun cam bién
LiDAR, camera va khung dong co.
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Raspberry Pi 4

amera raspberry Pi 1298N
s e RPLIDAR AIMS u—
\ —@ #
l .." ot

Banh xe

4

Khay pin 3
cell 18650

LM25968 &
Dong co JGB37-520

Hinh 5.9: Mt cit va vi trf linh kién trong xe
5.2 Chay thuc nghiém va nhan xét
5.2.1 Moi trwong thir nghiém

Thir nghiém duogc tién hanh trong méi trudng nha kin véi dién tich 3.5 x 3.5 m*2 nén
lat gach hoa dia hinh di chuyén phu hop vdi robot da thiét ké.

Anh chup cin phong thyc té dung dé thir nghiém robot:

Hinh 5.10: Khéng gian thyc té thir nghiém robot
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5.2.2 Qud trinh quét ban dé

Duéi day 1a hinh anh minh hoa qué trinh tao ban do méi truong bang cam bién Lidar,

gitip hé thong xay dung ban do va dinh vi trong khong gian 1am viéc thyc té.

Hinh 5.11: Qua trinh tao ban d6

Dit liéu ban d6 dugce tao sau khi quét hoan tat.

Hinh 5.12: Ban d6 2D thu dugc sau khi quét méi truong
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Nhan xét:
Ban do quét Lidar thé hién 16 rang cdu trac moi trudng va cac vat can 16n, tuy nhién van
tdn tai han ché trong viéc phat hi¢n cac vat thé nhé, manh hodc nam ngoai pham vi quét
(nhu duéi tAm quét). Piéu nay c6 thé anh huéng dén do tin cay khi di chuyén trong méi
truong phuc tap.

5.2.3 Qud trinh diéu hwéng

5.2.3.1 Diéu khién bam dwong di
Vi tri bat dau cua xe: Xe khoi dong tai goc trén bén trai ban do, dy 1a diém xuét phat
dé thuc hién qué trinh SLAM va diéu hudng.

Hinh 5.13: Vi tri bit dau cta xe

Vi tri khi xe bam duoc ntra duong: Xe di chuyén dén khoang giita 16 trinh du kién, thé
hién qua viéc quy dao di chuyén 6n dinh va hé thng gitt duoc huéng di chinh xac, cho

thdy qua trinh diéu hudng va bam dudng dién ra hiéu qua.
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Hinh 5.14: Vi tri xe khi di chuyén duoc 1 nira 16 trinh

Vi tri két thic cua xe: Xe di di chuyén dén dtang vi tri dich theo ké hoach ban dau, dung
lai 6n dinh véi sai s6 nho so v6i quy dao mong mudn. Pidu nay ching t6 hé thdng diéu
khién hoat dong hi¢u qua, ddm bao bam dudng va dinh vi chinh xéac trong sudt qué trinh
di chuyén.

Hinh 5.15: Xe t61 vi tri chi dinh
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Nhan xét:

Xe tu dong chay dén diém dich duoc chi dinh trén ban d6 hién thi trén man hinh may
tinh, kha muot va chinh xac, khi diéu huéng qua nhitng chd khéng trong tim quét cta
Lidar thi xe d6i ltc c6 thé bi that bai vi vudng banh xe, din ti léch ban d6.

5.2.3.2 Diéu khién né vit cin va nhin dién ngwoi
a. Xit Iy vit cin trén dwong toi wu

Xe bit ddu di chuyén theo duong di tdi uu. Khi xuat hién vat can bat ngd, hé thong

dirng dé dam bao hanh trinh an toan.

Hinh 5.16: Xe dung khi xuét hién vat can bat ngo

Khi phat hién vat can, h¢ théng 1ap ttrc nhan dién va tinh toan lai duong di méi dé tiép

tuc di chuyén an toan.
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Hinh 5.17: Xe d4 tai 1ap ké hoach thanh cong va tiép tuc di chuyén theo duong di ti wu
moi

Xe da hoan thanh duong di t8i wu mai va toi vi tri dich da chi dinh.

Hinh 5.18: Xe da hoan thanh I trinh va dung tai vi tri dich nhu mong muén
Nhan xét:

Xe c6 kha nang nhan dién va phan tng véi vat can dong, d@)ng thoi tai tao lai duong di
t6i wu dé tiép tuc dén vi tri dich hiéu qua. Hé théng xir 1y 6n dinh véi cac vat can nam
trong ving quét ciia Lidar, nhung van con han ché véi vat nho hodc c6 tiét dién hep, dé
bi Lidar bo sot.
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b. Qud trinh nhén dién ngwoi va diéu chinh hwong di chuyén

Khi hé théng chua phat hién ngudi hay vat can, xe s& ty dong di chuyén theo dudng di

t01 wu da tinh toan trude do trén ban do.

Hinh 5.19: Xe di chuyén theo dudng di t6i wru khi chura phat hién ngudi

Khi dang di chuyén, h¢ thong phat hién nguoi xuat hién trong viing quét, xe 1ap tic dimg

lai dé dam bao an toan.

Hinh 5.20: Xe dung lai khi nhan dién dugc nguoi
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Sau khi ngudi roi khoi viing nhan dién, xe tiép tuc tinh toan va di chuyén theo 19 trinh
t6i wu da duoc thiét 1ap trude d6 dé hoan thanh nhiém vu.

Hinh 5.21: Xe hoan thanh 19 trinh khi ngudi da di chuyén ra khoi ving quét
Nhan xét:

Thir nghiém thuc té cho thady YOLOVS c6 kha ning nhan dién ngudi voi do chinh xac
cao ngay ca trong diéu kién anh sang phong binh thudng va tir nhidu goc d6 khac nhau.
Tuy nhién, hé théng van gap han ché vé toc do xur 1y, gdy ra mot do tré nhat dinh trong
phan tng. Du véy, sau khi khéng con phat hién nguoi, xe van xir Iy tinh hudng an toan
va tiép tuc di chuyén 6n dinh dén dich, dam bao tinh tin cdy trong qua trinh van hanh tu
dong.
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CHUONG 6: KET LUAN VA HUONG PHAT TRIEN

6.1 Két luan
6.1.1 Uu diém ciia nghién civu

Nghién ctru nay mang lai mét s6 wu diém nodi bat, gép phan nang cao hiéu qua va tinh
kha thi khi trién khai hé théng AMR trong thuc té, cu thé gém:

—  Xe c6 kha ning ty tim dudng di toi vu nho thuat toan A* két hop SLAM.

— Tich hop camera nhan dién nguoi, hd trg Lidar phat hién va tranh vét can dong
hiéu qua.

— Bam duong tot nho bd diéu khién backstepping xir Iy chinh xac dic tinh phi tuyén
cua xe.

6.1.2 Nhwoc diém ciia nghién ciru

Bén canh nhiing uu diém, nghién ctru van ton tai mdt s6 han ché can dugc cai thién

trong céc giai doan tiép theo, bao gom:

— Do tré nhan dién ngudi con cao do gidi han phan clng camera va hiéu suét
Raspberry Pi

— Diéu khién phu thudc Wifi, giy khé khan & noi két néi yéu hodc khong on dinh

— Chua c6 cam bién & céc gbc khuét cta Lidar, han ché kha nang xu 1y linh hoat &
noi ngoai tim quét cia Lidar.

— Tbc do di chuyén chua cao, chua dap ng yéu cau tai trong.

— Hé thong chua c6 kha ning kéo tai thuc té ning.

— Chua thich nghi tét v6i v6i nhidu loai méi truong.
6.2 Huémg phat trién twong lai

Néu c6 thém thoi gian va diéu kién, nhom dinh hudéng phat trién hé thong theo cac hudng

sau:
— Cai thién do chinh x4c trong dinh vi va diéu khién.
— Téi wu hiéu suat, giam d tré xtr Iy ciia camera va mo hinh Al
— Huén luyén mé hinh Al nang cao, hudng dén kha ning chay & toc do cao va phan
ung chinh xac hon.
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— Cung cb co khi, gia cuong khung gam dé xe c6 thé kéo tai nang.

— Phat trién giao dién giao tiép truc quan (man hinh cam tng, giong noi tong hop,
hoic tin hiéu dén) gitp xe twong tac linh hoat hon véi nhan vién y té.

— Xay dung hé thdng nhiéu xe hoat dong song song v6i kha ning chia sé ban do,
tranh nhau va phéi hop luan phién thyc hién nhi€ém vu dé tdi uu hoa luéng van
chuyén trong bénh vién.

—  Phat trién kha nang két ndi xe voi phén mém quan ly bénh vién dé nhan lich van
chuyén, theo ddi trang thai don hang va cip nhat tién do theo thoi gian thuc.

— Gén thém céc cam bién siéu am hodc Time-of-Flight & nhitng vi tri goc khuat ma
LiDAR chua bao phu dugc, gitip nang cao kha nang tranh va cham toan dién, dac

biét trong khu vure ¢6 nhiéu thiét bi y té sat san nha.
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KET LUAN

Trong khudn kho d6 an tot nghiép, nhém da nghién ciru va trién khai thanh cong mot hé
théng xe tu hanh tich hop nhiéu cong nghé hién dai nhu tri tu€ nhan tao (Al), thuat toan
diéu khién phi tuyén (Backstepping), lap ké hoach duong di A*, dinh vi AMCL, xay
dung ban d6 bang Graph SLAM, va diéu hudng tranh vét can trong méi trudng thyc té.

Hé théng dugc phat trién trén nén tang ROS 2 Humble v&i kién trac phan tang, cho phép
xtr 1y anh thoi gian thuc bang mo hinh YOLOVS, diéu khién dong co thong qua bo diéu
khién PID trén vi diéu khién Arduino. Nho d6, xe ¢6 kha ning ty dong 1ap ban d, dinh

vi, nhan di¢n con nguoi, tranh vat can, va bam theo 10 trinh t61 uu.

Thong qua qué trinh trién khai, nhom khong chi ciing ¢ kién thire chuyén mon ma con
phat trién tu duy thiét ké hé thong va k¥ ning giai quyét cac van dé thuc tién. Két qua
thuc nghiém cho thay hé théng hoat dong 6n dinh, dap tng tét yéu cau diéu hudng trong

khong gian c6 nguodi va vt can bat ngo.

Hé théng xe tu hanh nay s& hitu tiem nang ung dung cao trong thuc té, ddc biét tai cac
bénh vién hoac phong kham thong minh — noi ¢c6 nhu cau van chuyén hang hoa, vat tu
y t& hodc thudc men mot cach chinh xac, an toan va han ché tiép xuc. Giai phap nay
khong chi giup giam phu thudc vao nhan lyc ma con nang cao do chinh xac va an toan

trong van hanh.

Tuy van con mdt s6 han ché nhat dinh do giéi han vé phan ctng va thoi gian trién khai,
do &n da dat nén méng viing chac cho viée ti€p tuc cai tién, mo rdng quy mo va hudng

t6i ing dung thuc tién hodc thuong mai hoa trong twong lai gan.
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