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TOM TAT NOQI DUNG

Tén dé tai: Ung dung thudt toan slam va xi Iy dién todn bién cho dinh vi, 1dp bdn
do rotbot ti hanh trong nha kho.
Nhom sinh vién thyc hién:

Nguyén Duy An MSSV: 105200353 Lép: 20TDHCLC]1
Nong Ngoc Kién MSSV: 105200455 Lép: 20TDHCLC3
Ly Vin Thuong MSSV: 105200474 Lép: 20TDHCLC3

Trong béi canh céng nghiép hda — hién dai hoa dang dién ra manh mé, cac hé
thdng robot ty hanh déng vai trd quan trong trong viéc nang cao hiéu qua va ty dong
hoa, dic biét trong cac kho hang théng minh. D& tai nay tap trung vao viéc nghién
cau, ing dung thuat toan SLAM (Simultaneous Localization and Mapping — dinh vi
ddng thoi va 1ap ban do) két hop vai xtr Iy dién toan bién (Edge Computing) dé nang
cao kha ning dinh vi chinh xéc, cap nhat ban d6 méi trudng trong thoi gian thuc va
t1 wu hiéu suat xir ly trén robot ty hanh.

Muc tiéu chinh cua dé tai 1a xay dung mot hé théng phan cang va phan mém
gitip robot tu hanh cd thé di chuyén an toan, chinh xac trong méi truong kho hang.
Thay vi phu thudc vao server trung tam, thuat toan SLAM sé duoc tich hop va xir ly
tryc tiép trén thiét bi dién toan bién Raspberry Pi 4, gilp giam do tré va ting do tin
cay caa hé théng. Bd an gdm 5 chuong nhu sau:

Chuwong 1: Tong quan vé dé tai

Chuong nay trinh bay tong quan vé dé tai, bit dau tir dinh huéng nghién cau
dén céc thach thic ki thuat ma dé tai dat ra. Noi dung bao gdm béi canh tng dung
robot tu hanh trong moéi truong kho béi hién dai, vai tro cua cong nghé SLAM, dién
toan bién va hé diéu hanh ROS2 trong viéc diéu khién va van hanh robot. Tir d6, xac
dinh ré nhu cau, myc tiéu va pham vi nghién ciru cua do an.

Chuong 2: Phuong an thiét ké va lya chon cac thanh phan trong hé thong

Chuong nay tap trung xay dung phuong an thiét ké tong thé cho hé théng robot.
Noi dung bao gom lua chon thuat toan Graph-Based SLAM, thiét ké cau tric hé thong
st dung ROS2, gi6i thiéu kién trac dién toan bién va mé hinh déng hoc robot hai
banh. Ngoai ra, chuong ciing trinh bay chi tiét qué trinh lya chon phan cing nhu
Raspberry Pi 4, ESP32, Lidar, IMU va phan mém diéu khién, cing véi ciu hinh
truyén théng giira cac thanh phan nhu ESP32 va may tinh diéu hanh qua giao thirc
micro-ROS.



Chuong 3: Thiét ké va thi cong mé hinh

Chuong nay trinh bay qué trinh thiét ké co khi va thi cong phan ctng cia md
hinh robot. Bao gom thiét ké khung xe bang phan mém NX, céc chi tiét nhu than d3,
tru lyc giac, gia gan cam bién Lidar va mé hinh 3D tong thé. Bén canh d6, chuong
ciing trinh bay so do két ndi phan ciing gitra cac thiét bi, ciing nhu qua trinh thi cong
va hoan thién md hinh robot thuc té.

Chuong 4: Xay dung thuit toan va méi truong diéu khién — giam sat

Chuong nay mé ta chi tiét qua trinh trién khai phan mém va thuat toan diéu
khién. No6i dung gom cau hinh mé hinh robot bang file URDF, trién khai thuat toan
Graph-Based SLAM va thiét 1ap Navigation2. Pong thoi, chuong trinh bay viéc cau
hinh truyén thong Micro-ROS giita ESP32 va ROS2, xir ly dit liéu tir Lidar va IMU,
thiét ké bo diéu khién cho dong co, publish dir liéu odometry, va hoan thién két néi
ludng dir liéu caa toan hé théng.

Chuong 5: Kiém nghiém va danh gia két qua

Chuong nay thé hién két qua thu duoc qua qua trinh md phong va thyc nghiém.
Trong mdi trudng md phong Gazebo va Rviz, robot thyc hién céc tac vu 1ap ban d6
va dinh vi. Sau d6, hé thong dugc thir nghiém trong méi trudng thuc té mé phong nha
kho, danh gia cac yéu t6 nhu do chinh xac dinh vi, kha ning diéu hudéng, thoi gian
phan héi, va tinh on dinh cua hé thong. Két qua thuc nghiém dugc phan tich nham
danh gia hiéu qua cua hé théng da xay dung.
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KHOA PIEN

NHIEM VU PO AN TOT NGHIEP

TT | Ho ténsinhvién | SO thé SV Lép Nganh
N Ky thuat Diéu khién va Ty
1 | Nguyén Duy An | 105200353 | 20TDHCLCI1 . )
dong hoa
. B K¥ thuat Dicu khién va Ty
2 | Nong Ngoc Kién | 105200455 | 20TDHCLC3 . .
dong hoa
. K§ thuat Diéu khién va Ty
3 | Ly Van Thuong | 105200474 | 20TDHCLC3 A .
dong hoa

1. Tén dé tai do an: Ung dung thudt toan Slam va xu ly dién todn bién cho dinh vi,

Idp ban do rotbot tw hanh trong nha kho.

2. Dé tai thude dién: [ C6 ky két théa thudn sé hivu tri tué doi voi két qua thuec hién.

3. Cac 50 lieu va dir lieu ban dau:

4. Néi dung cdc phan thuyét minh va tinh todn:

a) Phan chung

TT | Ho vatén sinh vién Noi dung
1 Nguyan Duy An | - Viét béo céo thuyet minh.
- Tim hiéu tong quan vé ROS2.
) NGng Ngoc Kién - Nghién cuu t.h,uat toan SLAM.
' - Tinh chon thiét bi cho hé thong.
- Thi c6ng lap rap mo hinh co khi.
3 Ly Van Thuong

- Thi cong dau néi dién cho toan bo hé théng.

b) Phan riéng

TT | Ho va tén sinh vién Noi dung
- Viét chuong trinh thuat toan SLAM va tich hop hé
thdng ROS2 trén edge device va may tinh operator
< - Nghién ctu tich hop cam bién Lidar, IMU
1 Nguyen Duy An

- Lap trinh file md ta Robot URDF va tinh toan cau
hinh NAV?2
- Tinh toén va Iap trinh chuyén ddi toa do cho robot




- Viét chuong trinh diéu khién trén ESP32
2 | N6ng Ngoc Kién | - Thiét 1ap giao thirc truyén théng Micro-ROS
- V& luu db thuat toan

- M6 hinh héa va tinh toan bo diéu khién dong co
- Thiét 1ap giao thirc truyén thong DDS

3 Ly Van Thuong - Nghién ctru kiém nghiém déng hoc differential-
drive-robot .

- Thiét ké khung than robot trén phan mém NX
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6. Ho va tén nguwoi huong dan:  TS. Ngd Dinh Thanh
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_DATHOC PA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
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KHOA DIEN

PHIEU KIEM SOAT TIEN PQ LAM PO AN TOT NGHIEP

Ho tén sinh vién: Nguyén Duy An S6 thé SV: 105200353
Néng Ngoc Kién S6 thé SV: 105200455
Ly Van Thuong S thé SV: 105200474

Tén dé tai PATN: Ung dung thuat todn SLAM va xt 1y dién toan bién cho dinh vi, 1ap ban
d6 robot ty hanh trong nha kho.
Ho tén GVHD: Ts. Ng6 Dinh Thanh Don vi: Khoa Pién, Truong PHBK
Ho tén KS dong HD:  Ks. Nguyén Quang Ren Don vi: Cong ty ESTEC — Da Ning

Tl Noi Khoi lwong GVHD
udn| - Ngay da thue hién (%) iép tuc thue hién (%) ky tén
1 101/03/2025 5% 95%
2 |10/03/2025 10% 90%
0
3 |25/03/2025 20% 80%
Duyét lan 1: Panh gia khdi luong hoan thanh % :
4 12/4/2025 Puoc tiép tuc lam DPATN [ Khong tiép tuc thuc hién BPATN [
5 | 19/4/2025 40% 60%
6 |26/04/2025 50% 50%
7 |03/05/2025 60% 40%
Duyét 1an 2: Danh gia khoi luong hoan thanh % :
8 |10/05/2025 Puoc tiép tuc lam DPATN [ Khong tiép tuc thuc hién BPATN [
9 |17/05/2025 80% 20%
10 |24/05/2025 90% 10%
11 | 7/06/2025 95% 5%
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Duyét 1an 3: Panh gia khdi lwong hoan thanh % :
Puoc tiép tuc lam DPATN [ Khong tiép tuc thuc hién DPATN [J
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17/06/2025

100% 0%
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LOI NOI PAU VA CAM ON

Trong bdi canh cudc cach mang cong nghiép 4.0 dang phat trién manh mé, nhu
cau ty dong hoa trong cac linh vyuc san xuat, van hanh kho bai ngay cang trg nén cap
thiét. Cac hé théng robot ty hanh (Autonomous Mobile Robots — AMR) déng vai tro
quan trong trong viéc téi vu hoéa quy trinh van chuyén, giam thiéu chi phi nhan céng
va nang cao hiéu suit van hanh. Bac biét, viéc dinh vi chinh xé&c va xay dung ban d6
moi trudng hoat dong 1 yéu t then chét dé robot c6 thé di chuyén va hoat dong mot
cach hiéu qua, an toan.

Mot trong nhitng giai phap duoc Gng dung rong rai dé giai quyét van dé nay la
thuat toan SLAM (Simultaneous Localization and Mapping — dinh vi va lap ban d6
ddng thoi). Bén canh d6, su phét trién cua cong nghé dién toan bién (Edge
Computing) ciing cho phép xtr Iy dit liéu ngay tai thiét bi, gitp giam do tré va ting
tinh 6n dinh cho hé thong robot. Su két hop gitta SLAM va dién toan bién hira hen s&
tao ra cac giai phap hiéu qua cho bai toan diéu hudng va lap ban do trong méi truong
thuc té, dac biét 1a trong cac kho hang c6 khéng gian phuc tap.

Qua qué trinh tim hiéu, nghién ctiru va thuc nghiém, dudi sy hudng dan tan tinh
ciia Thay TS. Ngo Pinh Thanh va sy hd trg nhiét tinh tir KS. Nguyén Quang Ren,
nhom ching em di hoan thanh d6 &n tét nghiép voi dé tai: “Ung dung thudt toan
SLAM va xit Iy dién toan bién cho dinh vi, lap ban do robot tu hanh trong nha kho.”

Mic du di rat nd lyc trong qué trinh thuc hién, song do han ché vé thoi gian va
kinh nghiém, dé tai khong thé tranh khoi nhitng thiéu s6t. Nhém xin tran trong cam
on va mong nhan duoc su gop y quy bau tir quy Thay, C6 dé hoan thién va phat trién
dé tai theo huéng thuc tién hon trong twong lai.

Nhém ching em chan thanh cam on quy Thay C6 Trudng Pai hoc Bach khoa —
DHPN noi chung, cac Thay C6 khoa Dién noi riéng trong xuyén suét 5 nam hoc vira
qua da truyén dat va trang bi cho nhém chdng em kién thizc khong nhiing vé chuyén
mon, chuyén nganh ma con nhitng kinh nghiém va ki nang rat can thiét ¢¢ nhom
chlng em ¢ thé hoan thanh d6 &n tét nghiép.

Pic biét nhém ching em xin gui 167 cam on chan thanh dén Thay TS. Ngé Pinh
Thanh va Anh KS. Nguy&n Quang 1i biét on siu sac nhét vi nhitng chi dan, danh gia,
dinh hudng va nhitng chia sé kinh nghiém bé ich tir db an toi luan vin, tao diéu kién
dé chling em c6 thé hoan thanh tét d6 an tét nghiép nay.

Ching em xin gui 16i cam on dén cac Thay C6 phan bién va cac Thay Cb trong
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hoi dong bao vé d6 an da danh thoi gian dé nhan xét va gitip d& ching em trong qué
trinh bao vé.

Cudi 11, nhém ching em xin giri dén céc quy Thay Cd, cac ban sinh vién, cac
can bo nhan vién Truong Dai hoc Bach khoa — Pai Hoc DPa Nang loi chiic sirc khoe,
kinh chlc toan thé Nha truong ngay cang phat trién va gat hai duoc nhiéu thanh tuu
to lon.

Mot 1an nita nhém chiing em xin chan thanh cam on!
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LOI CAM DOAN

Db an danh diu cho nhitng thanh qua, kién thirc ching t6i da thu nhan duoc
trong qua trinh rén luyén, hoc tap tai truong. Ching toi xin cam doan do &n dugc hoan
thanh bang qué trinh hoc tap va nghién cau caa ching toi.

Trong do &n nay ching toi c6 tham khao mét sb tai liéu va mot sé bai bao déu
duoc dua ra & phan tai liéu tham khao.

Chung t6i xin cam doan nhirng 1oi trén la sy that va chiu moi trach nhiém trude
thay ¢ va hoi ddng bao vé db an.

Pa Nang, ngay...thang...nim...

Nguyén Duy An Ly Van Thuong Nong Ngoc Kién
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Capstone Project: “Ung dung thudt toan SLAM va xu Iy dién toan bién cho dinh vi, lap ban dé robot
tw hanh trong nha kho”

MO DAU

1. Muc dich thuc hién deé tai:

Trong ky nguyén cua cuoc cach mang céng nghiép 4.0, viéc ap dung cac cong nghé
tién tién vao quan ly kho bai va van chuyén hang hoéa dang trd thanh xu hudng tat yéu.
Mot trong nhitng giai phap ni bat I sir dung robot ty hanh (AMR) dé thay thé con
ngudi trong cac cdng viéc lap di 1ap lai, nguy hiém hoic yéu cau do chinh xac cao. Trong
d6, kha nang dinh vi chinh xac va lap ban d6 méi truong 12 yéu tb then chbt dé robot
hoat dong hiéu qua trong cac khéng gian phuc tap nhu nha kho.

Hién nay, thuat toan SLAM (Simultaneous Localization and Mapping) dang dugc
st dung rong rai trong cac hé thong robot di dong dé giai quyét bai toan vira dinh vi vira
xay dung ban d6 moi truong xung quanh. Bén canh dé, céng nghé dién toan bién (Edge
Computing) cho phép xu ly dit liéu truc tiép tai thiét bi robot, gilp giam do tré va ting
do tin cay so véi cac hé théng dua trén dién toan dam may.

Xuat phat tir thuc tién trén, nhém ching em da thuc hién dé tai “Ung dung thuat
toan SLAM va xtr 1y dién toan bién cho dinh vi, Iap ban d robot tiw hanh trong nha kho”
nham nghién ctu, thiét ké va xay dung mot hé thdng robot c6 kha ning hoat dong doc
lap trong moi truong thuc té, gop phan vao qua trinh hién dai hoa va téi wu hoéa hoat
dong.

2. Muc tiéu caa dé tai:

Nam vitng cac nguyén 1y co ban cua cac thuat toan diéu hudng danh cho xe tu
hanh, dua trén ban d6 duoc xay dung tir moi trudng thuc té.

Thiét ké va trién khai mot robot di dong c6 kha ning tiép nhan tin hiéu diéu khién
tir phan mém diéu hudng, déng thoi thuc hién chinh xac cac yéu cau duoc dua ra.

Tim hiéu va thuc hién cac budc can thiét dé phét trién mot hé théng xe ty hanh
hoan chinh, bao gom: xay dung ban dd méi truong, 1ap ké hoach duong di toi wu, diéu
khién xe di chuyén theo duong di da dinh, va tich hop kha ning phat hién ciing nhu
tranh vat can.

3. Péi twong nghién ciu:

Pé tai tap trung nghién ctru hé thng robot tu hanh sir dung cam bién LiDAR, IMU
dé thuc hién dinh vi va 1ap ban d6. Dit liéu cam bién duoc xtr Iy bang may tinh nhing
Raspberry Pi4 dong vai tro dién toan bién, noi thuat toan SLAM duoc trién khai. Mai
truong nghién ciu 1a khong gian nha kho ¢ cac chudng ngai vat, 16i di.
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4. Pham vi nghién ciru:

Phat trién mot mau xe tu hanh ¢ kha ning mang theo may tinh nhiing va van hanh
trong khéng gian trong nha kho.

Tim hiéu va ap dung cac thuat toan nham xac dinh 16 trinh téi vu va di chuyén theo
quy dao da duogc tinh toadn trudc.

Xay dung ¢ng dung bang cach khai thac cac goi phan mém c6 sin trong cong
ddng ROS2, ddng thai phat trién cac g6i phan mém tuy chinh dé dap ¢ng yéu cau cu thé
cua nghién cau.

5. Phwong phap nghién cuu:

Thu thap tai liéu hoc thuat, gido trinh, nghién ctu trude dé lién quan dén SLAM,
robot tu hanh va dién toan bién.

Str dung cac cong cu md phong nhu Gazebo, RViz dé kiém nghiém thuit toan
trong moi truong ao.

Trién khai thuc té trén phan cing mé hinh dé danh gia kha ning tng dung thyuc
tién.

6. Céu truc dé tai:

Pé tai tot nghiép duoc trinh bay vai cac ndi dung chinh sau:

Chuong 1: Téng quan vé dé tai

Chuong 2: Phuong an thiét ké va lwa chon céc thanh phan trong hé thng

Chuong 3: Thiét ké va thi cong mé hinh

Chuong 4: Xay dung thuat toan va moi trudng diéu khién giam sét

Chuong 5: Kiém nghiém va danh gia két qua

SVTH: Nguyén Duy An, Néng Ngoc Kién, Ly Vin Thirong GVHD: Ts. Ng6 Dinh Thanh 2



Capstone Project: “Ung dung thudt toan SLAM va xu Iy dién toan bién cho dinh vi, ldgp ban dé robot
ty hanh trong nha kho”

CHUONG 1. TONG QUAN VE DE TAI

1.1  Dinh huéng cho dé tai

Trong ky nguyén cua cach mang cong nghiép lan tha tu (Industry 4.0), sy phét
trién manh mé cua cac cong nghé tu dong hoa, tri tué nhan tao va Internet van vat (1oT)
d3 tao ra nhitng thay doi sau sic trong moi linh vurc san xut va dich vu. Mét trong nhirng
xu hudng ndi bat nhat hién nay 1 viéc wng dung robot tu hanh (Autonomous Mobile
Robot — AMR) vao cac hé théng san xuat thdng minh va chudi cung tng hién dai. Khong
chi don thuan 12 mét thiét bi co khi di chuyén tu dong, robot ty hanh ngay nay duoc tich
hop céac cong nghé cam bién tién tién, cac thuat toan xir Iy thdng minh va kha nang giao
tiép thoi gian thuc véi hé thdng diéu hanh trung tdm, gitp nang cao hiéu suat van hanh,
t6i wu hoa quy trinh va giam thiéu sy phu thudc vao lao dong thir céng.

Hinh 1.1: Ung dung cua robot t hanh trong céng nghiép

Robot tu hanh c6 thé hoat dong doc 1ap ma khdng can sy can thiép truc tiép tir con
ngudi. Chung duoc sir dung rong réi trong nhiéu linh vire nhu cong nghiép san xuat, kho
van, y té, ndng nghiép, va ca trong mdi truong phic tap nhu khong gian hay dudi nudc.
Pic biét, trong béi canh thuong mai dién tir biing né va nhu cau giao hang nhanh ngay
cang ting, robot ty hanh dang dong vai tro then chdt trong viéc xay dung kho hang théng
minh — noi ma mdi don hang c6 thé dugc xir Iy nhanh chéng, chinh xac va tiét kiém chi
phi.

Tuy nhién, dé robot c6 thé di chuyén hi¢u qua trong khong gian chua dugc biét
truéc, mot loat cac van dé ky thuat phuc tap can duoc giai quyét, dac biét la cac bai toan
lién quan dén lap ban d, dinh vi, va 1ap ké hoach di chuyén. Ba chirc niang cbt 16i nay

2
A2

tao nén nén tang cho kha ning “hiéu” va “phan Gng” v4i méi trudng xung quanh cua
robot.
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Theo nghién ctu tong quan caa Cadena et al. (2016) trong bai bao "Past, Present,
and Future of Simultaneous Localization and Mapping " [8], cong nghé SLAM doéng vai
trd trung tdm trong viéc gidp robot vira xay dung ban d6 méi trueong, vira dinh vi chinh
X&c ban than trong khong gian d6. Pay 1a diéu kién tién quyét dé robot cd thé hoat dong
mét cach tu chu trong moi trudng thyc té, dac biét 1a cac nha kho rong 1on vai cau trdc
phtrc tap.

Trong nhirng nim gan day, cong nghé SLAM da c¢6 nhiéu budc tién manh mé nho
su phat trién cua céc loai cam bién va thuat toan xur ly di liéu thoi gian thuc. Bac biét,
cac phuong phap SLAM dua trén cam bién LiDAR dang thu hat sy quan tam 16n boi
kha ning cung cap dir liéu khoang cach chinh xac va 6n dinh, khéng bi anh huéng boi
diéu kién anh sang nhu cac phuong phap dua trén thi giac. Trong bai bao “LiDAR-based
SLAM for robotic mapping: state of the art and new frontiers” [9], C4c tac gia da thuc
hién mot khao sat toan dién vé cac thuat toan SLAM st dung LiDAR nhu GMapping,
Hector SLAM, Cartographer va LOAM. Bai bao khong chi phan tich diém manh va han
ché cua tirng thuat toan trong céc kich ban thuc té ma con chi ra cac hudng phat trién
tiém ning, nhu tich hop dit liéu tir nhiéu cam bién (sensor fusion), tdi wu hoa ddm may
diém theo thoi gian thuc va tang kha niang thich tng véi méi trudng phic tap. Pay 13 co
s& quan trong cho viéc xay dung hé théng robot ty hanh trong méi tredng nha kho — noi
yéu cau do6 chinh xéac cao, van hanh 6n dinh va kha niang 1ap ban db linh hoat dé phuc
vu cac nhiém vu logistics tu dong.

Song song d6, cac nén tang phan mém méa ngudn md nhu ROS2 (Robot Operating
System 2) dang trd thanh cong cu khdng thé thiéu trong cong ddng nghién ciu va phat
trién robot. V&i kha nang xir 1y da ludng, hd tro thoi gian thuc va kién tric mo-dun linh
hoat, ROS2 cho phép Iap trinh vién tich hop nhiéu thuat toan phirc tap nhu diéu huéng,
tranh vat can, giao tiép IoT... vao hé thong robot mot cach dé dang. Theo nhdm phat
trién Open Robotics, ROS2 dic biét phii hop véi cac ting dung céng nghiép can do tin
cay cao va kha nang mé rong linh hoat, nhu trong hé théng kho van théng minh.

Tir nhitng phan tich trén, c6 thé nhan thay rang viéc (g dung robot ty hanh trong
moi truong kho hang thong minh 12 mot xu hudng tat yéu va kha thi, nhung can c6 giai
phap thiét ké pha hop véi diéu kién thyc tién tai Viét Nam. Do d6, d6 an nay dinh huéng
phat trién mot mé hinh robot ty hanh thu nho, tng dung thuat toan SLAM két hop Vi
nén tang ROS2, hudng téi mot hé thdng c6 thé hoat dong tu chu, dinh vi chinh xéc va
phan tng linh hoat trong khéng gian nha kho.

Muc tiéu khdng chi dung lai ¢ viéc xay dung mot robot van hanh co ban, ma con
mé ra tién dé cho céac nghién cau tiép theo trong linh vuc diéu hanh kho tu dong, két ndi
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dir liéu thoi gian thyc, va tich hop vao hé thdng diéu hanh kho tong thé (Warehouse
Management System — WMS).
1.2 Nhitng thach thirc ciia dé tai

Theo nhu bai bdo nghién cuu c6 tén “Mobile Robot Localization: Current
Challenges and Future Prospective” [7], tac gia bai viét ndy phan tich cac chién lugc
dinh vi cho robot di dong, nhén manh:

o K&ét ndi mang han ché va khéng 6n dinh: yéu cau dit liéu thoi gian thuc
tir cam bién va ban d6 moi truong. Tuy nhién, trong méi truong IoT, két
ndi mang co thé bi gian doan hoac khong 6n dinh, anh huong dén o
chinh xac va d¢ tin cay cua dinh vi robot.

e Vin dé biao mat va quyén riéng tu: Viéc truyén dir liéu cam bién va vi
tri cia robot qua mang c6 thé din dén rui ro vé bao mat va quyén riéng tu,
dac biét khi dir liéu duoc xur ly trén cac may chu tur xa.

e Phu thudc vao may chi trung tam: thuong dua vao cac may chu trung
tam dé xu 1y dit liéu, diéu nay c6 thé gdy ra d6 tré va giam hiéu suat, dic
biét khi mang bj tic nghén hoic may chi gip su cd.

Ngoai ra bai bao nghién ctu co6 tén “Review: Issues and Challenges of
Simultaneous Localization and Mapping (SLAM) Technology in Autonomous Robot”
[2] ciing chi ra mot s6 thach thirc va khé khan vé thuat toan.

e Do chinh xac va dd tin cay: sai sb tich lily theo thoi gian va thay d6i moi
truong dan dén mat dinh vi hoic ban db bi léch.

 Poi héi phai co giai phap: Can c6 mot giai phap du tot dé robot co thé
hoat dong doc l1ap mot cach hiéu qua.

1.3 Boi canh hé thong

Trong bdi canh phat trién céng nghiép va thuong mai dién t hién nay, nha kho
dong vai tro then chdt trong chudi cung &ng. Tuy nhién, cac kho hang truyén théng
thudng phu thudce nhiéu vao lao dong thi cong, dan dén chi phi cao, ning suat khdng 6n
dinh va tiém 4n rai ro an toan.

Céc dic diém nha kho dé xe ty hanh hoat dong hiéu qua:

e Mat bang nha kho bang phang, it chuéng ngoai vat bat ngo
e Lbi di (hanh lang) du rong

e B tri kho hop 1y, ¢6 so dd 3 rang

e Hé théng két néi mang 6n dinh
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Hinh 1.2: Béi canh nha kho

Pé giai quyét van dé trén, xu hudng tu dong hda kho hang ngay cang pho bién,
trong d6 ndi bat I viéc tng dung robot ty hanh. Robot ty hanh ¢ kha nang ty di chuyén,
tranh vat can, dinh vi chinh xac va thuc hién céc nhiém vu van chuyén hang hoa trong
kho ma khdng can sy can thiép cta con ngudi.

So v6i méi truong gia dung, moi trudng kho c6 cac dic thi nhu dién tich 16n, nhiéu
chuéng ngai vat, yéu cau dinh vi chinh xéac cao va can tich hop véi hé théng diéu hanh
trung tdm (WMS). Do d6, robot phai sir dung cac cong nghé cam bién hién dai nhu
LIDAR, encoder, IMU, va thuat toén diéu huéng SLAM dé dam bao kha nang hoat dong
6n dinh va an toan.

1.4  Kétluan

Chuong 1 d3 trinh bay tong quan vé xu hudng phat trién robot ty hanh trong boi
canh cdng nghiép 4.0, dac biét la trong linh vuc kho hang théng minh. Viéc ung dung
cac cong nghé nhu SLAM, LiDAR va ROS2 khong chi gilp robot ty dinh vi va xay
dung ban dd ma con gdp phan nang cao hiéu qua van hanh, giam phu thudc vao lao dong
thu cong.

Bén canh nhitng tiém ning rd rét, dé tai cling d6i mat véi nhiéu thach thire nhu d6
tin cay cua dinh vi, giéi han vé phan cang xir Iy, va yéu cau cao vé méi truong van hanh.
Tuy nhién, véi cach tiép can phu hop va lva chon cong nghé téi wu, viéc xay dung mot
m6 hinh robot tu hanh la hoan toan kha thi.

Nhitng ndi dung cua chuong nay 1a nén tang dé budc sang chuong tiép theo di sau
vao trinh bay chi tiét vé thuat toan va cong nghé dugc ap dung trong dé tai.
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CHUONG 2. PHUONG AN THIET KE VA LUA CHON CAC
THANH PHAN TRONG HE THONG

2.1  Yéu ciu ditra
Trong moi truong nha kho, robot tu hanh phai thuc hién dugc cdc chirc nang:
e Tu dinh vi chinh xac trong moi truong chua biét trudc.
e Lap ban dd khéng gian xung quanh dé phuc vu diéu huéng.
e Tranh vat can dong/tinh, dam bao an toan.
e Xu ly dit liéu nhanh va 6n dinh trong thoi gian thyc.
Nham dat duoc nhitng yéu cau trén, hé théng can trién khai:
e Mot thuat toan SLAM phu hop dé vira xay dung ban do, vira uée luong vi
tri robot.
e M0t nén tang dién toan bién (edge computing) dé xtr Iy cac tac vy nay
ngay tai robot, giam do tré va tranh phu thuoc mang internet.
2.1.1 Luwa chgn thuat toAn SLAM

Trong linh vuc robot va xe tu hanh, thuat toan SLAM (Simultaneous Localization
and Mapping) dong vai tro rat quan trong. SLAM gilp robot hoic xe ty hanh vira xac
dinh duoc vi tri caa minh trong khong gian khéng can tham chiéu hé thong bén ngoai
nhu GPS, vira xay dung ban do cia mdi trudng xung quanh ma khdng can thong tin dinh
vi trudc. N6i mot cach don gian, SLAM gidng nhu viéc mot nguoi vira di vira vé ban
d6 khu vuc méi, ddng thoi ghi nhé vi tri hién tai caa minh.

Trong qué trinh phat trién hé thong dinh vi va 1ap ban d6 dong thoi (SLAM) cho
robot ty hanh, viéc lya chon thuét toan phi hop dong vai trd then chét nham dam bao
d6 chinh xac, hiéu suat tinh toan va kha nang mo rong cua hé thdng. Trong pham vi
nghién ctu nay, ba nhanh thuat toan SLAM phé bién dugc xem xét gom: ekf-slam,
fastslam, va graph-based slam.

Bang 2.1: Bang so sanh tiéu chi cac thugt toan SLAM

Ti€u chi Graph-Based SLAM EKF-SLAM | FastSLAM
Moi truong mo rong 16n v X v
Xtr 1y thoi gian thuc v(phy thudc phan ctng) | v v
Do chinh xac cao 4 4 v
Tich hop da cam bién v v v
Yéu cau tai nguyén thap X v X
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HO tro tot trén nén tang | v/ v X
ROS2

Véi cac yéu cau can xur ly ban do trong méi trudng 16n va hd trg tdt trén nén tang
ROS2 thi lra chon Graph-Based SLAM lam nén tang trién khai chinh cho hé théng
dinh vi va 1ap ban d6 cua robot.

2.1.2 Téng quan vé thuiat Graph-Based SLAM
2.1.2.1 Gi6i thiéu vé thuit toan

Thuat toan Graph-based SLAM (Simultaneous Localization and Mapping) la mot
phuong phép noi bat trong linh vuc diéu huéng va 1ap ban d6 cho robot ty dong. Muc
tiéu chinh cua Graph-based SLAM la dong thoi xac dinh vi tri caa robot (localization)
va xay dung ban d6 méi truong xung quanh (mapping) théng qua cac cam bién va phép
do quan sat.

Trong Graph-based SLAM, bai toan dugc mo hinh hoa dudi dang mot d6 thi, trong
d6 cac nlt (nodes) dai dién cho cac trang thai cia robot va cac vi tri landmark, con cac
canh (edges) mo ta mdi quan hé giira cac trang thai robot hoic gitra robot va céac
landmark, dugc thiét 1ap dua trén cac phép do quan sat. Mdi canh cua db thi twong ung
vGi mot phép do cam bién, co thé 1a quan sat giita cac poses cua robot hoic giira robot
va cac diém landmark trong mdi truong.

Qua trinh t6i wu hoa trong Graph-based SLAM nham muyc dich tim ra cac cau hinh
ctia cac poses sao cho ham (cost function) gitra cc quan sat thuc té va du doan dugc ti
thiéu hoa. Phuong phap t6i uu pho bién dugc sir dung dé giai quyét bai toan nay la thuat
toan Gauss-Newton. C4c thuat toan nay gitp tinh toan va diéu chinh cac trang thai robot
va vi tri landmark sao cho ban d6 duoc xay dung mot cach chinh xac nht.

Graph-based SLAM la mét giai phap hiéu qua cho cac hé thong robot trong moi
truong khong gian 1é6n hoic phic tap, noi ma viéc duy tri mot ban d6 chinh xac trong
suét qué trinh di chuyén 1a vé ciing quan trong.
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2.1.2.2 Thuat toan Graph-Based SLAM

Hinh 2.1: Biéu dién céc nit cua qué trinh SLAM

Goi x =(x,..x. ) lamot vector cac tham s6, trong do x . MO ta vi tri (pose) cua
ndt (node) i . Goi Z, va Q, lan luot 12 phép do va ma tran thong tin giira nat i va nat
j . Phép do nay 1a mot phép bién doi sao cho céc quan sat thu duoc tir i tring khap toi
da v6i cac quan sat thu dugc tirj .Goi Z ; (X ,,X ;) 1a ham dy doan ctia mot phép do
40, duoc tinh dya trén cau hinh vi tri hién tai caa hai ndt.

Thong thuong, du doan Z 5 (X ,X ;)& phép bién doi twong doi giira hai ndt. Do

do, log-likelihood /, cua mot phép do Z | duoc tinh theo cong thic:

T T
=12, -2:0,X )] 92,240, )] (2.)

Goi e(Z g1 X X j) la mot ham tinh toan d6 sai léch gitra ham du doan Z ; va quan

st thuc té Z ; ma robot thu dugc.
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Hinh 2.2: Biéu dién so do giira 2 nit

Goi ¢ latap hop céc cap chi sé ma tai d6 tdn tai mot rang budc (quan sat) Z . Muc
tiéu ctia phuong phép t6i da hoa kha ning 1a tim c4u hinh cua cac nit X * sao cho tdi
thiéu hoa log-likelihood F (X )hay néi cach khéc, 1am sao cho sai sb gitta cac quan sat

thuc té va du doan 13 nho nhat.

F(X)= ’;e;QUeU (2.2)
Do d6, bai toan can giai la:
X " =agr minf (x) (2.3)

Do bai toan c6 ban chét phi tuyén, nén can duoc tuyén tinh hoa dé co thé giai mot
cach hiéu qua. Phuong phéap duoc &p dung la tuyén tinh hda cuc bo lap lai, dua trén khai
trién Taylor bac nhat quanh mot udc lugng ban dau, sau d6 giai bai toan téi vu bang
thuat todn Gauss-Newton.

Néu ta c6 mot ude luong ban dau X vi tri caa robot, ta tién hanh xap xi ham 15i
bang khai trién Taylor bac nhat quanh gi4 tri hién tai X :

e, (X, +AX X +AX )=e (X +AX)
~e, +JU.AX

(2.4)

Trong do:
AX :la vector hiéu chinh, can tim dé giam sai s6

J, *1a ma tran Jacobian cia e (X )

Thay e, +J AX vao F (X )(2.2) ta dugc:
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F,(X +AX )=e (X +AX ) Qe (X +AX)

~(, +J,MX ) Q (e, +J ,AX)
=e. Qe +2."Q J AX +AXT1.7Q J AX
ij ijoij ij i oij ij i ij

Pt
c :;jzec:e’jTQ’fe’j
b :U;e,_jTQUJU_
H =i§JUTQUJU

Phuong trinh trén trd thanh:
F(X +AX )=c+2b" AX +AX "H AX (2.5)
Véi phuong trinh t6i wu bac 2, diéu kién dé toi thiéu héa thi dao ham

F(X +Ax )=0

FX +DX) o 21 ax =0
OAX

Vay phuong trinh can giai la:
HAX "=-b (2.6)
Véi H 13 ma tran thong tin (information matrix), thua va di xang, chira thong tin
vé mbi lién hé giira cac node.
Sau khi giai phuong trinh thi nghiém tdi vu la:
X =X +AX~ (2.7)
Thuat toan gauss-Newton s& lap lai cac budc tinh toan dé cap nhat cac vi tri caa
robot mét cach chinh xac nhét.
2.2 Thiét ké tong quan hé thong
Hé thdng bao gom céac thanh phan chinh nhu hé théng diéu khién giam sat, hé
thdng bién, cac thiét bi cam bién va cac thiét bi chap hanh. So d6 téng quan cuaa hé thong
duoc biéu dién trong hinh anh dudi. So dd cung cap mét cai nhin tdng quan vé ciu tric
va sy trong tac gitra cac thanh phan chinh trong hé théng robot ty hanh, hudéng dén muc
tiéu van hanh ty dong trong moéi truong nha kho cong nghiép.
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Thiét bj cam bién H§ théng bién Edge Data Hé théng didu Khién
— glam sat
Input E
e, tp— Gomm—— e
¥ = :::ROS2

Micro controller

l Output

Thiét b| chidp hanh

e«

Motor Driver

Encodar Liclar

Hinh 2.3: So do tong quan hé thong

M0 ta & hon chirc ning cua cac thanh phan trong hé thong:

e CAc thiét bi cam bién: Céc thiét bi cam bién dong vai trd quan trong trong
viéc thu thap tin hiéu phan hdi tir robot trong qua trinh di chuyén va thuc
hién nhiém vu trong moi truong nha kho. Cac cam bién nhu Lidar, Encoder,
IMU, va cam bién tiém can duoc sir dung dé theo dai vi tri, toc do, huéng
di chuyén, khoang cach dén vat can, ciing nhu trang thai hoat dong cua cac
bo phan trén robot.

e Hé thdng bién Edge: Hé thong bién déng vai tro 13 trung tdm xir 1y dwoc
tich hop truc tiép trén robot, gitp robot hoat dong tw chu, phan hoi nhanh
va on dinh trong méi trudng thuc té.

Tai day, dir liéu thu thap tir cAc cam bién nhu Lidar, IMU, Encoder s& duoc xir ly
theo thoi gian thue dé thuc hién cac tac vu quan trong nhu:

1. Tién xi ly dit liéu cam bién: Loc nhidu, ddng b tin hiéu, chuan hoa dix
liéu dau vao.

2. Xu ly thuat toan SLAM: Dung ban dd va dinh vi vi tri robot trong khong
gian.

3. Lap ké hoach va diéu hudng: Tinh toan quy dao, tranh vat can, tim duong
di tbi wu.

4. Piéu khién van toc: Tinh toan va gii lénh téc do cho dong co, dam bao
robot di chuyén dang hudng va an toan.

e Hé thong diéu khién giam sat: Pay 1a bo diéu phéi trung tam, dam
nhiém t6 chac va quan ly toan bo ludng dit liu va xt ly:
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1. ROS 2 d6ng vai tro 1 hé diéu hanh robot gitp két ndi cac node xir ly: cam
bién, SLAM, navigation, diéu khién.
2. Hd trg cac thu vién, cdng cu nhu: Nav2, RViz dé truc quan héa dit lidu va
trang thai robot.
3. Cho phép giam sat va diéu khién tir xa, cap nhat ban do, quan sat duong di
va trang thai hé thong trong thoi gian thyc.
e Co ciu chap hanh: La cé4c thanh phan thuc hién chuyén dong vt ly theo
lénh diéu khién:
1. Pong co DC c6 Encoder: Diéu khién banh xe di chuyén chinh xac.
2. Driver dong co: Nhan tin hiéu diéu khién tir hé vi diéu khién hoic thiét bi
bién, cAp ngudn va diéu khién chiéu — téc do quay cua dong co.
2.2.1 Giéi thiéu vé hé thong diéu khién robot ROS2
Hé diéu hanh Robot Operating System (ROS2) 1a mot nén tang ma ngudén mé danh
cho robot, duoc sir dung rong rii trong linh virc robotics nho vao nhiéu wu diém noi bat.
N6 cung cap mot framework phan mém c6 kha ning hoat dong trén nhiéu loai robot
khac nhau ma khong doi hoi su thay ddi 16n trong lap trinh.

ROS?2 ra doi v&i muc tiéu gidp viéc chia sé va tai sa dung phan mém robot tré nén
thuan tién hon, giam bot cong sic xay dung lai tir dau khi trién khai trén phan cang
khac. Diéu nay gilp tiét kiém thoi gian va tai nguyén, dong thoi tao diéu kién thuan lgi
cho viéc phat trién cac thuat toan phirc tap dua trén nhirng nghién ctu trude do.

Nho nhitng loi ich ma ROS2 mang lai, nhiéu to chac nghién ciu trén thé gioi da va
dang dong gop vao hé sinh thai nay, cung cp luong I6n tai nguyén vé ca phan cang lan
phan mém. Hién nay, ROS2 khong chi dugc cac vién nghién ciru quan tim ma con duoc
nhiéu cong ty va té chirc tng dung dé phat trién cac san pham robot cd chit lwong cao
hon. Biéu nay gilp hé sinh thai ROS2 ngay cang ma rong véi sy hd tro cia nhiéu thiét
bi trén toan cau.

Hinh 2.4: Mgt sé vi du vé robot

SVTH: Nguyén Duy An, Néng Ngoc Kién, Ly Vin Thirong GVHD: Ts. Ng6 Dinh Thanh 13



Capstone Project: “Ung dung thudt toan SLAM va xu Iy dién toan bién cho dinh vi, ldgp ban dé robot
ty hanh trong nha kho”

2.2.2 Cau tric caa hé thong ROS2

Hé thdng diéu khién robot ROS2 12 mét bo khung phan mém ma ngudn mé dugc
thiét ké dé hd trg phat trién cac tng dung robot da dang va phac tap. Thay vi hoat dong
nhu mot hé diéu hanh truyén théng, ROS2 cung cap mot kién trdc phan tan, linh hoat,
dua trén céc thanh phan doc 1ap giao tiép voi nhau théng qua céc giao thic chuan hoa.
CAu tric cua ROS2 duoc xay dung xung quanh cac khéi niém cét 161 nhu nodes, topics,
messages, services, va parameters, cling véi su hd tro caa cac cong cu va thu vién bd
tro.

Service invocation

srnnnSNanny,
.“.-' .u,'-~
o’ -

Node

. )

Topic -
P Subscription

Publication

Hinh 2.5: So dé giao tiép trong ROS2

e Node (nat)

Nodes 1a cac don vi thuc thi nho nhit trong ROS2, thuong duoc viét bang Python
hodc C++. Mbi node thuc hién mot chirc nang cu thé, chéng han nhu doc dir liéu ttr cam
bién, xr 1y hinh anh, hoic diéu khién dong co. Tinh mo-dun ctia nodes cho phép cac nha
phat trién chia nho hé thong robot thanh cac thanh phan doc 1ap, dé dang bao tri va tai
su dung.

e Topic (cha dé)

Topics 1a cac kénh giao tiép khong dong b trong ROS2, hoat dong theo mé hinh
xuat ban/ding ky (publish/subscribe). Mot node c6 thé xuat ban (publish) dit liéu 1én
mot topic, trong khi cac node khac ding ky (subscribe) dé nhan di lidu tir topic d6. Co
ché nay ddc bi¢t hiru ich cho viéc truyén dtr liéu lién tuc, chéng han nhu luéng dir liéu
tir cam bién hodc trang thai cua robot.

e Messages (Thong diép)

Messages la dinh dang dit liéu duoc truyén qua topics. ROS2 cung cap mot hé
thong thong diép linh hoat, hd tro cac kiéu dir liéu don gian (so nguyén, so thuc, chudi)
cling nhu cac ciu trac dit liéu phirc tap (mang, dbi twong 10ng nhau). Cac thong diép
dugc dinh nghia trong cic tép .msg, cho phép tity chinh theo ting tmg dung cu thé.

e Services (Dich vu)

Ngoai giao tiép khong dong b qua topics, ROS2 con hd trg giao tiép dong bo
thdng qua services. Services hoat dong theo mo hinh yéu cau/phan hoi
(request/response), phtt hop cho cac tic vu can két qua tic thi, ching han nhu yéu cau
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robot di chuyén dén mot vi tri cu thé hodc kiém tra trang thai hé théng. Cac services
dugc dinh nghia trong céc tép .srv, bao gom ca phan yéu cau va phan phan hoi.

e Parameters (Tham sd)

Parameters la cac bién céu hinh toan cuc dugc luu trit trong Parameter Server,
mot phan ciia ROS2 Master. Cac node co thé truy cap hodc thay d6i parameters dé diéu
chinh hanh vi ctia hé théng ma khong can stra d6i ma ngudn.

2.3  Dién toan bién
2.3.1 Khai niém

Trong céc hé théng 10T hién dai, dién toan bién (Edge Computing) 12 mét mé hinh
xu ly dit lidu gan véi noi dit liéu dugc sinh ra, thay vi giri dix liéu vé trung tam hoic dam
may dé xu ly. Muyc tiéu chinh cua dién toan bién l1a giam do tré, tiét kiém bang thong,
va nang cao tinh phan wng thoi gian thyuc cho céc hé thong yéu cau tbe dd cao nhu robot
tu hanh, xe AGV, thiét bi y té,...

CLOUD NTACLNY”'

Hinh 2.6: Edge Computing

Doi véi dé tai nay, dién toan bién duoc trién khai truc tiép trén nén tang xu ly
nhung duogc tich hop trén robot ty hanh, c6 nhiém vu xu Iy di liéu cam bién, thyc thi
thuat toan SLAM va diéu khién robot ma khéng can phu thudc hoan toan vao server
trung tam.

2.3.2 Vai tro cia dién toan bién trong hé théng robot tw hanh
Hé thdng robot ty hanh hoat dong trong méi trudng nha kho can kha nang xu ly
dir liéu nhanh chdng va chinh x&c. Viéc &p dung dién toan bién mang lai cc lgi ich sau:
e Xir ly thoi gian thuc: Cac dit liéu tir LIDAR, encoder, IMU duoc xt Iy truc tiép
trén thiét bi bién, gidp xe phan hdi nhanh véi méi truong.
e Tiét kiém bang thong mang: Khdng can truyén toan bo di liéu cam bién Ién
dam may, chi can chia sé ban d6 hoic vi tri khi can thiét.
e Tang tinh ty chii: Robot ty hanh van hoat dong 6n dinh ngay ca khi mat két néi
mang.
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e Bao mat dir lieu: Giam rui ro ro ri dix liéu vi dir liéu khong roi khoi mang noi
bo.
2.3.3 Kién truc xir Iy dién toan bién

REMOTE PC OPERATOR

EDGE

Cam bién Cam bién Cam bién Cam bién
Lidar IMU Encoder DC

Hinh 2.7: Kién tric xi Iy dién toan bién

1
1
1
1
1
1
L
1
1
1 Rasberry pid4
1
1
1
1
1
1
1
|
1
1
|
1
1
1

2.3.3.1 Téang van hanh (operator)

Tang nay bao gom mot may tinh ca nhan (Remote PC) duoc sir dung bai nguoi
van hanh dé giam sat trang thai hoat dong cua xe ty hanh, theo ddi dix liéu cam bién va
gui cac lénh diéu khién. Remote PC giao tiép hai chiéu véi bo xir ly trung tam tai tang
bién (Raspberry Pi 4) théng qua két ndi mang noi bo. Trén Remote PC c6 thé cai dat cac
giao dién d6 hoa (GUI) hodc moéi trudng lap trinh nhu ROS (Robot Operating System)
dé truc quan hoa qua trinh diéu hudng, 1ap ban db va céc thuat toan diéu khién cao cap.
2.3.3.2 Téng xir Iy bién (EDGE)

Tang Edge dong vai tro 1a 16p trung gian, thyuc hién cac chire nang thu thap dir li¢u
cam bién, xir Iy tin hiéu, ra quyét dinh diéu khién va phan héi vé tang Operator. Céac
thanh phan chinh trong ting Edge bao gom:

e Raspberry Pi 4: La bo xu ly chinh tai ting Edge, chiu trach nhiém nhan di liéu
tir cam bién LiDAR dé xir Iy dinh vi, xay dung ban d6 moi truong (SLAM) va
diéu hudng. Bong thoi, Raspberry Pi 4 két ndi vi ESP32 dé gui cac Iénh diéu
khién téc do va vi tri cua dong co.

e ESP32: La vi diéu khién cd kha ning giao tiép véi cac thiét bj ngoai vi va thuc
thi c4c tac vu thoi gian thuc. ESP32 két ndi véi cac cam bién IMU, Encoder va
dong co DC. N6 thuc hién doc dir liéu tir cam bién, xir Iy tai chd va diéu khién
truc tiép cac dong co dua trén céc thuat toan phan hoi.

SVTH: Nguyén Duy An, Néng Ngoc Kién, Ly Vin Thirong GVHD: Ts. Ng6 Dinh Thanh 16



Capstone Project: “Ung dung thudt toan SLAM va xu Iy dién toan bién cho dinh vi, ldgp ban dé robot
ty hanh trong nha kho”

2.4  Phuwong trinh dong hoc ciia robot

Robot tu hanh thuong duoc thiét ké v&i cAu tric hai banh hodc bon banh, trong do
cac banh xe duoc diéu khién doc 1ap dé thuc hién cac chuyén dong phire tap nhu tién,
1ui, quay vong, hodc di chuyén theo dudng cong. Trong dé tai nay, mo hinh dong hoc
ctia robot hai banh duoc ap dung d¢é mé phong va diéu khién chuyén dong cua robot.

2.4.1 Céc thong sé chinh

Yuw

Hinh 2.8: Dong hoc robot 2 banh
Anh trén cho thay hai banh cach nhau mét khoang cach @, va mdi banh xe c6 toc

do tuyén tinh riéng: V. (banh trdi) va V. (banh phai). Toa d6 goc cia robot duoc

left
biéu thi trong hé toa do (Xw,yw), hé toa d6 than robot dugc dinh nghia boi (Xb ,yb) VO
goc nghiéng @ (goc quay cua robot so Vi truc x ).

Céc thdng s6 dong hoc chinh bao gom:

v, ,X : Thanh phan toc d6 tuyén tinh theo trucx, cia than robot
e v,,y : Thanh phan téc do tuyén tinh theo trucy, ciia than robot
e ,,z:Tdc ddgoc quanh truc » (truc thang dung), bicu thi toe do quay cua
robot.
e @: Khoang cach gitra hai banh xe, dong vai tro quan trong trong viéc tinh toan
téc do goc.
2.4.2 Phwong trinh dong hoc
Dua trén md hinh déng hec thudn caa robot hai banh, téc do tuyén tinh cua than

robot v, va toc d6 goc w, , cd thé duoc tinh tir tbe do clia hai banh nhu sau:

_ Ve Vet

bx 2
(2.8)
a)b ] — 4 right -V left
! [0

SVTH: Nguyén Duy An, Néng Ngoc Kién, Ly Vin Thirong GVHD: Ts. Ng6 Dinh Thanh 17



Capstone Project: “Ung dung thudt toan SLAM va xu Iy dién toan bién cho dinh vi, ldgp ban dé robot
ty hanh trong nha kho”

Dé tinh duoc téc do dé diéu khién banh xe di chuyén theo mong muén thi dua vao
déng hoc nghich cua mo hinh trén dé dat duoc tée d6 banh xe can thiét dé dat duoc toc
d6 mong mudn.

Vit =V _a)b,za)/z

vright :vb,x +a)b,za)/2

2.4.3 Kiém nghiém ddng hoc trén Matlab

Hinh duéi day trinh bay so d6 md phong qua trinh chuyén doi gitra van téc tuyén
tinh, géc quay va van téc banh xe, tir @6 kiém nghiém lai dong hoc thuan va dong hoc
nghich cua robot.

[ o

5 0l
wheel Speeds [wlL wR|
0 > wiie P wl v .
wmis) (rad/s) :
Linear Vel ‘ P 2
5 [ 0|
0 wiradi's) 1 — -
w wR “(radis) wR w Body Speeds [v w)
Angular Vel ———————————
Bdng hoc ngugre Ddng hoc thudn
v

w

mb phdng chuyén déng

Hinh 2.9: So do khoi déng hoc robot 2 banh

e Linear Vel va Angular Vel: La dau vao thé hién van téc tuyén tinh va van
téc goc mong mudn cua robot. Pay 13 thong sé diéu khién muc tidu dé robot
thuc hién chuyén dong.

e KhdiPong hoc ngwoe & Pong hoc thuan:
< Pong hoc nguwoc chuyén doi tir van toc than robot sang van toc banh xe

(trai va phai), phi hop dé diéu khién timg dong co.
< Pong hoc thuan thuc hién qua trinh nguoc lai, tir van tc banh xe suy ra
van toc than robot, gitp kiém tra do chinh xac cua mé hinh dong hoc.

e Khoi M6 phéng chuyén déng: Dua trén van téc tuyén tinh va goc quay,
khdi nay tinh toan va biéu dién qui dao di chuyén thuc té cia robot trén mat
phang. Pay 14 phan mé phong qua trinh robot ty hanh trong khong gian 2D.

e Cac khéi Scope: Dung dé hién thi thoi gian thuc gia tri ctia cac bién van
téc banh xe va van tdc than robot. Gitp ngudi thiét ké d& dang quan sat,
danh gia va diéu chinh hé théng diéu khién.
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2.4.3.1 M6 phéng robot di thiang:
Véi van toe dit 12 0.5 m/s va van téc goc 1a 0 rad/s

—
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Bong hoc nguoe Bng hoc thugn

w

md phong chuyén dong
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015
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Hinh 2.10: Kiém nghiém dgng hoc (di thang)
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2.4.3.2 Mo phong robot theo quy dao tron
Véi van toe dit 12 0.5 m/s va van téc goc 1a 0.5 rad/s

3.75
[ 6.25
wheel Speeds [wL wR)
05 v wl wl. v
vim's) (rad/s) 08
Linear Vel —]
0.5]
wirad/s) —
0.5 P w wit 3.“'(”5) PR w Body Speeds [v w)
Angular Vel
Péng hoc nguoc Bdng hoc thuan
>y
»w

md phéng chuydn ddng

-2.5 -2 -1.5 -1 0.5 0 0.5 1 1.5 2 25
Hinh 2.11: Kiém nghiém déng hoc (di vong tron)

2.4.3.3 Panh gia két qua
Cac gia tri van téc dau ra tir khdi dong hoc thuan khép voi van tée dau vao ban
dau (Linear Vel va Angular Vel), chitng to mé hinh dong hoc nghich va thuan da duoc
xay dyng chinh xac va c6 thé ap dung vao hé thdng diéu khién thyc té.
Khdi mé phong chuyén dong da thé hién chinh xéac quy dao ma robot sé& thuc hién
dua trén van toc dat. Piéu nay gilp xac nhan rang céc phwong trinh dong hoc cua robot

da chinh xac.
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2.5  Tinh chon cac thiét bi
2.5.1 Thiét bi phan cirng
2.5.1.1 Chon hé thdng truyén dong
s Pong co DC tich hop encoder

Hinh 2.12: DC servo JGB37-530
Trong mé hinh nay, nhdm sur dung 2 déng co DC Servo JGB37-520, la loai dong
co giam toc ¢ dic diém nhu sau:
Bdng 2.2: Bang thdng sé déng co DC

Pién ap Toc do Toc d toi Moment Moment Tich hgp
hoat dong | khong taii da dinh mire cuc dai Encoder
12V DC 333 (RPM) | 250 RPM 3.5 kg.cm 5 kg.cm 330
Vong/phut xung/vong

++» Banh xe
Str dung béanh xe véi théng sé nhu sau:

Hinh 2.13: Banh xe chinh (xanh) va phu (trang)
Bdng 2.3: Thong sé banh xe

Banh xe chinh (xanh)
Puong kinh 65mm, D6 day 27mm

Banh xe phu (tring)

Puong kinh 20mm, D6 day 14mm

S6 lugng: 2 S6 luong: 1
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< Mach diéu khién dong co
Dé diéu khién hai dong co DC servo, hé thong sir dung mach diéu khién MDD10A,
c6 kha nang:

e Piéu khién 2 kénh dong co doc lap

e H0 trg dong dién Ion (t6i da 30A)

e Hoat dong 6n dinh ¢ dién &p tir 5V dén 30V

e Diéu khién bang xung PWM tir vi diéu khién (Esp32)

MDD18A

B o e N

Hinh 2.14: Mach diéu khién dong co MDD10A
Bdng 2.4: Driver MDD10A

Pién ap Pién ap Output PWM Cong suat Niit nhan
diéu khién | channel toi da diéu khién
tin hi¢u thu cong
7~24VDC 3.3V/5V 2 kénh 0~20kHz | 160W/1DC 2 kénh
MDD10A ESP32
DC1 e DIR1 B rin2s
M1A
PWM1 B PN2s
Power il DIR2 Bl PN 14
(12v DC) B-
PWM2 B Pin27
DC2 . GND l ano
M28B

Hinh 2.15: So dé dau néi mach diéu khién dong co

2.5.1.2 Chon h¢ thong diéu khién
Bo xir ly trung tdm va cac mach diéu khién 12 thanh phan quan trong trong hé théng

Xe tu hanh, chiu trach nhiém:

e Xu ly dir liéu tir cam bién (nhu Lidar, encoder),
e Tinh toan thuat toan diéu hudng va diéu khién (PID, SLAM),
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e Phét 1énh diéu khién téi dong co.
Hé thdng duoc chia lam hai cap:

e Raspberry Pi 4 dam nhiém vai tro xu Iy cao cap, xt ly thuat toan SLAM va diéu

hudng.

e Esp32 dam nhiém xt ly thoi gian thuc nhu doc encoder, phat PWM va diéu
khién dong co.

% Raspberry Pi 4 — B xw ly trung tam
Lwa chon bo xur ly dua trén viéc dap ung cac tiéu chi:
e Cai dat hé diéu hanh Ubuntu véi ROS2 (Robot Operating System)
e Giao tiép voi Lidar RPLIDAR A1M8 qua cong USB dé thu thap dix liéu ban do
e Giao tiép voi Esp qua UART (hoic USB) dé gui/nhan dix liéu vé Encoder, toc

do dong co

e Xu ly thuat toan diéu hudng, SLAM va xuat Iénh diéu khién chuyén dong

l;:' § Ampgberza Fo & Batal bt
Sktsparrry 4110

Hinh 2.16: Raspberry pi 4

Bdang 2.5: Thong sé Raspberry pi

Ngudn cép RAM CPU Két noi
5V DC 8GB Cortex-A72  (ARM | USB, GPIO, UART, I2C,
v8) 64-bit SPI, WiFi, Bluetooth
< ESP 32

Churc nang duogc su dung trong md hinh:
e Doc tin hiéu Encoder tir dong co (kénh A/B)

e Tinh toan téc do thyc té cua tirng banh xe

e Phat xung PWM diéu khién toc do dong co thong qua mach MDD10A
e Nhan Iénh tir Raspberry Pi dé diéu chinh téc d6, hudng di cua xe
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CLKkDO D 15 > @ 2 16 17 ¢

(XXX LR XXX )

Hinh 2.17: Esp32
Bdang 2.6: Thong sé Esp32

Dién ap hoat Chip Tan s6 S6 chén Giao tiép
dong GPIO
5vDC Tensilica 80 - 240 MHz 34 UART, 12C,
Xtensa LX6 SPI, PWM...

2.5.1.3 Chon h¢ thong cam bién
Trong dé tai nay, hé thdng cam bién dong vai tro rat quan trong gidp xe tu hanh cé
kha nang nhan thirc moi truong xung quanh va xac dinh vi tri twong d6i chinh xéc trong
khong gian. Hai cam bién chinh dugc sir dung bao gom:
< Cam bién rp_lidar
Cam bién Lidar trén xe tu hanh ¢ nhiém vu chinh 1a;
e Thu thap thdng tin vé mai truong xung quanh, bao gdom khoang cach dén vat
can va hinh dang khéng gian
e Cung cap dit liéu cho thuat toan SLAM nham xay dung ban db va dinh vi chinh
X4c

e H0 trg phat hién va tranh vat can trong qua trinh di chuyén

Hinh 2.18: Cam bién RP-LIDAR A1M8
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RPLIDAR A1MS8 la mét cam bién Lidar 2D quay tron 360 d6, sir dung tia laser
hong ngoai dé do khoang cach dén vat thé theo nhiéu hudng xung quanh robot.
Bdng 2.7: Thong sé cam bién Lidar

Pham vido | Géc quét | Tocdd | Tocdd | Po chinh | Giao tiép | Dién ap
quay lay miu xac
0.15m~12m | 360° |5-10Hz |~8000 +2% | UART 5V DC
diém/s
RPLIDAR
VMOTOR I Power
(4-9vV DC)
GND i
VS0 Power
GND l ® (5V DC)

iR

> UART .
PWM Generator l

MCU/DSP

RX
MOTOCTL

Hinh 2.19: So do6 ddu néi cam bién Lidar

< Cam bién Encoder (tich hgp & dong co)

Cam bién Encoder tich hop trong dong co DC JGB520 (hay con goi 1a JGB37-
520) 14 loai Encoder quang hoc duoc gan phia sau truc dong co. Cau tao cua bd Encoder
nay gom maot dia mé héa ¢ cac ranh duoc gan truc tiép 1én truc dong co, va mot cip
cam bién hong ngoai (gém LED phat va phototransistor thu) duoc dat doi dién nhau.
Khi dong co quay, dia ma hoa ciling quay theo, cac khe ho trén dia s€ cho phép anh séng
tir LED truyén qua dén cam bién thu. Qua trinh anh sang bi chan va cho qua luan phién
nay sé tao ra cac xung dién dang vuoéng.

Bdng 2.8: Thong sé encoder

Do tdc dd va chiéu quay
Kénh C1, C2

Ngu(“)n cz"tp
3.3~5VDC
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ENCODER DC1 ESP32
cz § B ena
ct B8 PNt
GNO [l fe— 1l PINS
vee B e B Pin7
ENCODER DC2
cz B
ct i
GND i B ano
vee i il vcc

Hinh 2.20: So' d6 dau noi encoder

% Cam bién IMU MPU6050
Cam bién MPU 6050 trén xe tuy hanh c6 nhiém vu chinh Ia:
e Do van téc gdc va gia téc dé xac dinh hudng chuyén dong, goc quay caa xe.

e H0 tro thuat toan SLAM trong viéc ude luong chuyén dong (odometry).
e Gilp 6n dinh dinh vi khi Lidar bi nhidu hoic tam quét han ché.

Hinh 2.21: Cam bién MPU6050

Bdng 2.9: Thong sé Cam bién MPU 6050

Pién ap st dung Giao tiép Cam bién gia toc Cam bién con quay
3-5V 12C +2g, +4g, +8g, £16g +250, £500, +1000,
+2000°/s
ESP32
MCU 6050

SDA SDA

SCL scL

GND GND

vee vee

Hinh 2.22: So dé dau néi cam bién gia toc
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2.5.1.4 Chon h¢ thong nguodn

Hé thdng ngudn gitt vai trd then chét trong viéc cung cap ning lugng 6n dinh cho
toan b mé hinh xe ty hanh. Cac thanh phan chinh nhu dong co, vi diéu khién, may tinh
nhing (Raspberry Pi) va cam bién déu yéu cau muc dién 4p va dong dién khéc nhau. Do
d6, can c6 mot thiét ké hop 1y dé vira dam bao hiéu suat hoat dong, vira tranh tinh trang
sut ap hoac qua tai.

< Pin Lipo — nguén cung cip cho déng co
Cép nguoén cho DC motor driver diéu khién 2 dong co DC Servo JGB37-520

Hinh 2.23: Pin lipo 2200mAh

Bdng 2.10: Théng sé pin Lipo

Dién ap Dung lugng Dong xa Kich thudc Kiéu cim
11.1V / 3S (sac | 2200 mAh. 45C 105mm x | XT60
day 12.6V) 34.5mm x 23mm

% Pin cell lion — ngudn cho b xir ly
Cép nguon cho Raspberry pi va Esp32, muc dich tach riéng ngudn cho bo xir Iy va
dong co dé cach ly nguon tranh nhiéu khi diéu khién.

vl

Hinh 2.24: Cell pin 18650 Samsung 35E
Bdng 2.11: Thong so pin 18650 Samsung 35E

Dbién ap Dung luwgng Dong x4 lién tuc Kich thudc
3.6V/1 Cell 3500mAh 8A 18mm x 65mm
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< Mach quan ly nguén cho b xir ly
Waveshare UPS HAT (B) 1a mét bo mach ngudn mé rong cho Raspberry Pi va
Esp32 , hoat dong nhu mot UPS (Uninterruptible Power Supply — ngudn dién lién tuc).
NG c6 kha ning chuyén dbi, bao vé, va giam sat ngudn dién cip cho Raspberry Pi va
Esp32. Viéc lap 2 cell pin lion dap tng du ngudn dién ludn 6n dinh va khong bi gian
doan cho 2 bo xur ly.

Hinh 2.25: Mach Waveshahe UPS HAT (B)

Bdng 2.12: Théng sé mach quan ly nguon

Pién ap vao | Dién ap ra | Dong toi da Loai pin hd trg Tich hop
cong sac
6V~8V 5V DC 5Ao0ndinh |2 cell lion 18650 ( ndi tiép) | USB

2.5.2 Phan mém
2.5.2.1 Phin mém Visual Studio Code

Visual Studio Code (VS Code) la mot moi truong I1ap trinh manh mg, mién phi va
da nén tang, rat duoc wa chudng trong phat trién phan mém robot sir dung ROS 2. Véi
kha ning hd tro lap trinh Python vuot trdi, tich hop terminal va hé thong tién ich mo
rong phong pht, VS Code cho phép lap trinh vién dé& dang viét, quan ly va go 18i cac
node ROS 2 mét cach truc quan va hiéu qua. Bac biét, cac extension chuyén biét cho
ROS 2 gilp tu dong nhan dién workspace, hd tro launch file, topic, message va nhiéu
cdng cu quan trong khéc trong hé thong robot. Nho giao dién than thién, tinh ning théng
minh va kha nang mo rong linh hoat, VS Code tré thanh lya chon 1y twdng cho viéc phéat
trién va kiém thir tng dung robot st dung ROS 2 bang Python.
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Visual Studio Code
Hinh 2.26: Phan mém VS code

2.5.2.2 Phan mém Arduino IDE

Arduino IDE 1a mot phan mém ma ngudén mé dung dé 1ap trinh va nap chuong
trinh cho céc vi diéu khién nhu Arduino Uno, Mega, Nano, va dic biét 1a ESP32 — dong
vi diéu khién 32-bit tich hop Wi-Fi va Bluetooth rat ph6 bién trong cac tng dung loT
va robot. Arduino IDE c6 giao dién don gian, dé tiép can, hd tro 1ap trinh bang ngén
ngit gan gidong C/C++, rat thuan tién cho ca nguoi mai bat dau 1an 1ap trinh vién c6 kinh
nghiém.

Khi tich hop board ESP32 thong qua Board Manager, Arduino IDE cho phép bién
dich va nap chuong trinh tryc tiép qua cong USB, ddng thoi hd trg day da c4c tinh ning
phan cing caa ESP32 nhu: giao tiép UART, 12C, SPI, cam bién ADC/DAC, PWM, Wi-
Fi, Bluetooth va ca xir Iy da ludng (FreeRTOS). Ngoai ra, Arduino IDE con cung cap
kho thu vién phong phu va cong dong nguoi ding rong 16n, giap nguoi phét trién dé
dang tim kiém, tai sir dung va ma rong cac chirc ning can thiét cho duy an.

0.0,

ARDUINO

Hinh 2.27: Phan mém arduino IDE

2.5.2.3 Phan mém Rviz

Rviz (viét tat cia ROS Visualization) 1a mot céng cu truc quan héa manh mé trong
hé sinh thai ROS 2, cho phép ngudi dung theo dbi va kiém tra cac dir liéu cam bién,
trang thai robot va thuat toan xu Iy trong thoi gian thuc. Rviz hd tro hién thi nhiéu loai
dir liéu khac nhau nhu ban d6 (Occupancy Grid), quy dao, laser scan, hinh anh tur
camera, dir licu 3D tur Lidar, khung toa d6 (TF), va mo hinh robot URDF. Pay la cong
cu khong thé thiéu khi phat trién va kiém tha cac hé thong robot, giup ngudi ding dé
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dang phét hién 151, danh gia hoat dong va diéu chinh céc thuat toan diéu huéng, nhan
dang hay SLAM.

Trong ROS 2, Rviz d3 duoc nang cip véi phién ban méi c6 tén 1a Rviz2, tuong
thich vai kién tric va chuan truyén théng DDS cua ROS 2. Giao dién nguoi dung than
thién, hd trg kéo tha céc thanh phan truc quan va kha ning cau hinh cao gilp Rviz2 tro
thanh mot phan mém 1y twong dé giam sét tryc quan hé thdng robot trong ca moi truong
md phong va thuc té. Nho Rviz, nguoi phat trién c6 thé dé dang quan sat dugc robot
dang di chuyén thé ndo, cam bién hoat dong ra sao, va cac thuat toan xir ly dit liéu c6
hiéu qua khdng — tat ca trong mot khong gian 3D sinh dong va truc quan.

Hinh 2.28: Phan mém Rviz

2.5.2.4 Phan mém Gazebo

Gazebo 1a mot phan mém md phong robot manh mé, duoc thiét ké dé tao ra moi
truong a0 ba chiéu (3D) nham kiém thir va phat trién cac thuat toan diéu khién robot
trudc khi trién khai trén hé thdng thuc té. Trong hé sinh thai ROS 2, Gazebo dong vai
trd nhu mot "thé gigi md phong" noi robot cé thé di chuyén, cam nhan méi truong va
tuong tac vai vat thé thong qua cac mo hinh vat ly chinh xac, cam bién ao (Lidar,
Camera, IMU...) va mé hinh robot URDF/SDF.

Gazebo cho phép nguoi dung kiém tra cac thuat toan dinh vi, SLAM, diéu hudng,
tranh vat va tuong tac nhiéu robot ciing Iic trong khdng gian a0. Khi két hop véi ROS
2, dix lidu tir robot md phong trong Gazebo c6 thé dugc truyén qua cac topic, service va
action dé xir Iy nhu mot robot that. Biéu nay gidp tiét kiém thoi gian, chi phi va giam
rai ro khi phét trién hé thong robot phuc tap.

Nho kha nang tich hop chat ché véi ROS 2, thu vién mo phong vat ly chan thyec,
giao dién tryc quan va kha nang m6 phong da dang robot cing moi truong, Gazebo tro
thanh céng cu khong thé thiéu trong nghién ctu, giang day va phat trién robot hién dai.
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SS GAZEBO

Hinh 2.29: Phan mém Gazebo

2.6 Truyén thong giira cac thanh phin trong hé thong
2.6.1 Truyén thdng giir ESP32 véi raspherry pi4 chay ROS2

Lua chon giao thirc micro-ROS: Giao thirc micro-ROS (Micro Robot Operating
System) 1a mot phan mé rong ciaa ROS 2 danh cho cac vi diéu khién (MCU) c6 tai
nguyén han ché nhu ESP32, gitip ching c6 thé giao tiép véi hé sinh thai ROS 2 chay
trén may chi manh hon nhu Raspberry Pi 4.

ROS 2 micro-R0OS

Apps

Middleware

Fast DDS Micro XRCE-DDS Client

Mutigvesrn Irngrwmertaton MutSewary rplenwreation

Hinh 2.30: So do truyén thong gizza ROS 2 va micro-ROS

Cac tiéu chi lya chon micro-ROS:
Bdang 2.13: Tiéu chi la chon micro-ROS

Tiéu chi micro-ROS
Tuong thich ROS 2 C6 (chuan DDS)
Hiéu suat & Do tré Thap, pht hop real-time
Di liéu ¢6 cau tric Gui Twist, Odometry, custom
Bao tri & hd tro Puoc duy tri boi cong dong ROS
Khé nang mo rong C6 thé guri/nhan nhiéu topic, service
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Kién trac truyén théng micro-ROS:

N

Jheel <peed | Raspberry Pi 4
micro-ROS Agent

ESP32
micro-ROS dc_control
Client
ry
DDS

l UART/Seria;l J

Hinh 2.31: Kién trdc truyén théng micro-ROS

Trong kién trdc, ESP32 déng vai trd 1a mot micro-ROS Client, thu thap téc do
banh xe va goc quay tir cam bién cua robot, dinh ky gui dit liéu qua topic wheel_speed
thdng qua giao tiép UART. Raspberry Pi 4 chay micro-ROS Agent dé nhan dir liéu tur
ESP32 va dua vao mang ROS 2 thdng qua giao thuc DDS. Node dc_control trén
Raspberry Pi 4 s& subscribe topic wheel speed dé xir 1y diéu khién dong co, giup robot
hoat dong chinh xac theo yéu cau diéu hudng va kiém soat van téc.

2.6.2 Giao tiép giira raspherry pi4 chay ROS2 véi may tinh operator

Lya chon giao thirc DDS (Data Distribution Service) 13 mot giao thirc truyén thong
theo md hinh publish-subscribe phan tan, duoc chuan hda boi OMG (Object
Management Group). N6 cho phép céc thiét bj hoic tng dung phan tan trao doi di liéu
real-time, reliable, va scalable ma khéng can biét nhau truc tiép. DDS ciing 13 giao thirc
duoc hd trg chinh thirc trong ROS2 gitip cac hé théng ROS2 giao tiép véi nhau mot cach
hiéu qua.

Bang 2.14: So sanh cac logi giao thizc DDS

Tiéu chi Fast DDS | Cyclone DDS | RTI Connext G;;usm
Mai ngudn mé v v X X
Hiéu suit cao v v v v
HO trg QoS day du v v v v
Multicast hiéu qua v v v v
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HO tro tot cho ROS 2 v v X X
Tai li¢u & cong dong

manh v v X X
HO tro real-time v v v v
Tuwong thich micro-ROS v X X X
Cai dat dé dang v v X X

Tur bang so sanh thi Fast DDS Ia lya chon tét nhat cho ROS 2 vi n6 1a m& nguon
mé, hiéu suat cao, hd trg day da QoS va multicast, dugc hd tro chinh thirc trong ROS 2,
tuong thich tot vai micro-ROS va dé dang cai dat.

Raspberry PC

Pid Fast DDS Ubuntu
ROS 2 ROS 2

Hinh 2.32: Truyén théng Fast DDS

Kién tric giao tiép giita Raspberry Pi 4 va may tinh PC Ubuntu, ca hai déu chay
ROS 2 va sir dung Fast DDS dé truyén dit liéu theo mé hinh publish-subscribe. Vi
Domain_ID = 0, ca hai thiét bi ciing nam trong mot mién truyén théng chung, cho phép
cac node ROS 2 trén Raspberry Pi va PC ty dong phat hién va trao ddi théng tin ma
khong can ciu hinh dia chi tha cong. Fast DDS dam nhan viéc quan Iy viéc giri nhan
message mot cach hiéu qua, dang tin cay va theo thoi gian thuc, giup dong bo héa dir
liu cam bién, diéu khién va céc topic ROS 2 khac giita hai hé thdng mot cach lién mach.
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CHUONG 3. THIET KE VA THI CONG MO HINH

3.1  Thiét ké khung xe va co ciu co khi
Khung xe duoc thiét ké theo dang md-dun nhiéu ting, twong tu véi cau tric caa
dong robot di dong phé bién TurtleBot3 Burger. Thiét ké ndy mang lai tinh linh hoat
cao trong viéc lap rap, thao roi, va mé rong cac ting chira cam bién, bo mach diéu khién
hoic cac thiét bi ngoai vi khac.
CAu tric tong thé khung xe gom ba tang chinh:
e Tang dudi cung: Gan dong co, banh xe va cac encoder.
e Tang giita: Gan cac bo mach vi diéu khién, driver dong co, va mach nguon
va cam bién IMU.
e Tang trén cung: Lap cam bién Lidar
Céc tang duoc két néi véi nhau bang tru luc giac, gilp tao ra khoang cach cé dinh,
git khung chic chin, déng thai tao khdng gian cho day dan va thiét bi dién t bén trong.
Chat liéu va phuong phap ché tao: Khung duoc in bang nhwa ABS thdng qua cong
nghé in 3D, dam bao d6 ctng vitng vira du, trong luong nhe va kha nang gia cong nhanh
chong.
Dic diém thiét ké:
o CAac tAim d& déu duoc thiét ké sin cac 13 tron va khe ranh dé bat vit cac
linh kién nhu dong co, cam bién, bo mach,...
e Gi4 d& cam bién LiDAR duoc thiét ké riéng biét, c6 kha ning diéu chinh
vi tri nham dat duoc gdc quét phir hop.
e Thiét ké dang tang tao diéu kién cho viéc mo rong phan cting va thay thé
linh kién dé dang.
3.1.1 Phan mém thiét ké NX
Phan mém thiét ké 3D NX Ia mot trong nhitng cong cu manh mé va phé bién trong linh
vuc thiét ké co khi va robot. Pugc phat trién boi Siemens PLM Software, NX cung cap
mot loat cac tinh ning va cong cu tién tién dé tao va quan ly mé hinh 3D, tir viéc tao ra
cac bo phan don 1é cho dén thiét ké toan bo hé thong phirc tap. Trong do an, phan mém
nay dugc dung dé thiét ké khung xe, gia d& cam bién va mé hinh téng thé trugc khi tién
hanh thi cong thuc té.
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Hinh 3.1: Phdn mém thiét ké NX-Siemens

3.1.2 Than d& chinh

Phan than d& nay dong vai trd khung chinh, duoc thiét ké voi nhiéu 15 tron va hinh
chit nhat dé Iap rap va cb dinh cac bo phan khéc. Giap két néi va cb dinh cac bo phan
khac cua robot, dam bao d6 chic chin va 6n dinh khi hoat dong. Chat liéu bang nhwa
abs in 3D.

Hinh 3.2: Manh thdn do

3.1.3 Tru luc gi4c chéng dé&

Ong luc giac nay duoc sir dung nhu mot tru d, két ndi cac tim than d& (nhu tim
trong hinh trudc) bang cach bat vit qua cac 15 tron trén tim. N6 giir cac tim song song
va ¢ dinh, ddng thai tao khng gian cho cac linh kién bén trong, nhu bo mach hoic day
cap. Bo phan nay dong vai trd quan trong trong viéc duy tri cau tric khung cua robot,
dam bao cac tang cua robot duoc lap rap chic chan va chinh xac.

Hinh 3.3: Tru luc giac
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3.1.4 Gia d& cho chan cam bién Lidar

Gi4 d& co dang thanh phiang, mot dau c6 15 tron 16n véi ren dé bat vit cd dinh cam
bién LiDAR, dau con lai c6 mot khe ha hinh chit nhat dai dé diéu chinh vi tri va gin vao
khung than robot.

Hinh 3.4: Gid dé cam bién

3.1.5 M0 hinh khung 3D hoan chinh
Sau khi lap rap cac chi tiét s& cho ra khung hé théng hoan chinh trén khéng gian
3D

= . = i ) E8

Hinh 3.5: Khung 3D hoan chinh

3.2  So @b két ndi hé thong

Sau khi lya chon va xac dinh cac thiét bi can thiét, hé théng duoc thiét ké vai mot
so do két nbi tong thé nham ma ta truc quan méi lién két gira cac thanh phan phan cing
chinh. So d6 nay gitip minh hoa rd rang cach thirc céc thiét bi giao tiép, truyén tin hiéu
va phéi hop hoat dong trong qua trinh diéu khién va thu thap dir liéu cua robot.

Céc thanh phan chinh trong so 6 bao gom:

e Raspberry Pi 4 dong vai trd nhu bo xir ly trung tam chay hé thong ROS2,
chiu trach nhiém thu thap dit liéu tir cam bién LiDAR, diéu khién va giam
sat vi diéu khién ESP32.

e ESP32 giao tiép Micro-ROS véi ROS2, thuc hién cac tac vu diéu khién
téc d6 dong co, xir Iy tin hiéu tir encoder, doc dit liéu tir cam bién
MPUG050 va truyén toc do thuc té vé may chu ROS2 qua UART.
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Raspberry Pi4

Lida

r ATM8

Driver diéu khién déng co nhan tin hiéu diéu khién dang PWM tur
ESP32 d¢ diéu khién hai dong co DC cé encoder phan hoi.

Encoder tich hgp trong dong co giri tin higu xung phan hoi vé ESP32 dé
tinh toan toc do thuc té.

Cam bién MPUG050 két ndi véi ESP32 théng qua giao thie 12C dé cung
cap thdng tin vé goc quay va gia téc.

Cam bién LiDAR A1MS truyén di lidu ban d6 va khoang céach vé
Raspberry Pi 4 thdng qua giao tiép UART.

Remote PC duoc sir dung dé diéu khién va giam sat tir xa, giao tiép véi
Raspberry Pi thdng qua giao thirc DDS (Data Distribution Service) cua
ROS2.

12C

UART

Tin hiéu Tin hiéu
encoder encoder

Tin hiéu diéu khién M

Hinh 3.6: So do két néi hé thong

UART
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3.3  Thi cong va hoan thién mé hinh

Hinh 3.7: Thi c¢ong va ldp dat mé hinh
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CHUONG 4. XAY DUNG THUAT TOAN VA MOI TRUONG PIEU
KHIEN GIAM SAT

4.1  Khéi tao toan b hé théng

Dé trién khai phan mém diéu khién robot, trudc tién can tién hanh thiét 1ap moi
truong 1am viéc cho ca may tinh diéu khién tir xa (Remote PC) va thiét bi diéu khién
bién (Edge Device) gan trén robot. Ca hai thiét bi déu st dung hé diéu hanh Ubuntu
22.04 va duoc cdu hinh véi nén tang ROS2 Humble. Toan bo qua trinh cai dat va ciu
hinh méi trudng dugc trinh bay chi tiét tai phan Phu luc.
4.2 Trién khai thuit toin Graph-Based SLAM

Luu d6 thuat toan giai nghiém téi wu thuat toan Graph-Based SLAM

C ={e, %}

ij !

bauvao: X "=X__,
Paura: X ,H
While —converged do
b<«0H «0
Forall {¢,,Q,}eC do
/I Tinh Jacobian cua ham sai léch

oe (X ) oe (X )
A «——"—— B «———=
g oX g oX

i X =X J

X=X
// Tinh toan ma trgn thong tin
H[__]+:ATQA.AA,

i ij ijo oy
H[., +=A"Q B
ij] /A |
H[.. +=B'Q A
jil /A M
H, +=B'Q B
il /|
/l Tinh vector hé s6
b[i]+:A.7.-Q”e,,
b[4 +=B'Q e
il i
End for
Il Gii ¢é dinh nut dau tién

H gyt =1
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I/ Gigi nghiém
AX <«solve(H AX =-b)
/I Cdp nhdt théng so
X +=AX
End while
X X
H =H
/1 B6 ¢é dinh it dau tién
H —=]

[11]
Return <x " H >

Thuét toan trén tom tat quy trinh lip Gauss-Newton nhiam xac dinh gia tri trung
binh va ma tran théng tin caa phan phdi hau nghiém (posterior) ddi véi cac pose (vi tri
va hudng) caa robot.

MJdi canh déng gop vao:

e Céc khdi cuia ma tran Hessian: H

H_ . H

Lij 17 DV]’ff[ﬁ]
e Cac phan tir twong ng trong vector hé sé: b b,

Li 17
[’

Ngoai ra, vi ma tran Hessian 1a ddi xiing, nén ta chi can tinh phan tam giéc trén
ctia ma tran dé tiét kiém tai nguyén tinh toan.

Sai s6 cua mot rang budc e, chi phu thuc vao vi tri twong doi gitra hai vi trix
vax . Do do, tong sai s6 F (X )cua toan bo hé thong 1a bat bién dbi vsi phép bién doi
cuang (rigid transformation) ap dung Ién toan bo cac vi tri.

Vi vay, phuong trinh can giai s& bi thiéu xac dinh (underdetermined). D¢ giai hé
tuyén tinh mot cach on dinh, ta thuong rang bugc mot phan tr AX . bang 0, nham "c6
dinh" mot phan trong hé thng.

Céch pho bién 1a:

e CoONng ma tran don vi vao khéi duong chéo H [kk ] dé khoa Ax .
e Trong thuat toan trén, nut dau tién X , dugc cé dinh ma khdng lam mat tinh tong
quat.
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4.3  Viét file urdf dé mé ta robot trong h¢ thong
File URDF (Unified Robot Description Format) duoc sir dung dé mé ta mé hinh
vat 1y va hinh hoc cua robot trong cac hé théng ROS bao gdm: Mb ta hinh dang, mo ta
va cham, mo ta quan tinh, mo ta khop ndi, xac dinh hé toa do.
Bdng 4.1: Tham s6 URDF than Robot

Tham s Gia tri M6 ta
Base collision box (Dai) 0.140 m Kich thuéc chiéu dai base link
Base collision box (Rong) | 0.140 m Kich thudc chiéu rong base link
Base collision box (Cao) | 0.165m Kich thudc chiéu cao base link
Base link mass 0.82573504 kg Khoi luong base link

Bang 4.2: Tham s6 URDF bdnh diéu hwong chinh

Tham sb Gia tri M5 ta
Wheel collision (Puong
kinh) 0.065 m Duong kinh banh xe
Wheel collision (Ban kinh) | 0.0325 m Ban kinh banh xe
Wheel collision (B¢ day) | 0.025 m Do day banh xe
Wheel mass 0.02849894 kg Khoi luong banh xe
Khoang cach gifra 2 tam Khoang céach gitra tam banh trai va
banh 0.18 m phai

Bdng 4.3: Tham s6 URDF banh phuy

Tham so Gia tri M5 ta
Caster box (Dai) 0.030 m Chiéu dai caster
Caster box (Rong) 0.009 m Chiéu rong caster
Caster box (Cao) 0.020 m Chiéu cao caster
Caster mass 0.005 kg Khoi lugng caster

Bdng 4.4: Tham s6 URDF cam bién Lidar

Tham s6 Gia tri M6 ta
LiDAR collision (Puong kinh) 0.11m Duong kinh LiDAR
LiDAR collision (Béan kinh) 0.055 m Bén kinh LiDAR
LiDAR collision (Chiéu cao) 0.0315m Chiéu cao LiDAR
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LiDAR mass 0.114 kg Khéi luong LiDAR

44  Tham sb cAu hinh diéu huéng (Navigation 2)

Navigation Stack trong ROS2 (thuong dugc sir dung trong cac phién ban nhu
ROS1 hoic ROS2) 1a mot bo cdng cu phan mém gitp robot ty dong di chuyén tir diém
A dén diém B trong méi truong khong xac dinh, tranh chudéng ngai vat va téi vu hoa
duong di. Navigation Stack bao gdm cac thanh phan chinh sau:

e Localization (Pinh vi): Str dung thuat toan nhu AMCL (Adaptive Monte Carlo
Localization) dé xé4c dinh vi tri cta robot trong ban dd dua trén dit liéu tir cam
bién (vi du: LiDAR, encoder).

e Mapping (Lap ban d06): St dung SLAM (Simultaneous Localization and
Mapping) hoic Gmapping dé tao ban d6 2D/3D ciia mdi truong, dya trén dir
ligu tir cam bién LiDAR.

e Path Planning (Lip ké hoach dwong di): St dung thuat todn dé tim duong di
t61 wru tir vi tri hién tai dén muc tiéu.

e Motion Control (Piéu khién chuyén dong): Tao cac 1énh toc do tuyén tinh
(v ) va toc do goc (w)dé giri dén hé thong dicu khién robot, dam bao di chuyén
chinh xéac.

Pau ra cua Navigation package s& la cac Iénh van toc s& diéu khién robot dén vi tri

dich da cho.

# 2D Pose Estimate ~ 2D Goal Pose

Hinh 4.1: Cong cu Nav2 trong Rviz

Navigation stack trién khai c4c thuat toan chuan, chiang han nhu SLAM, EKF-
SLAM, A *(star), Dijkstra, amcl, v.v., ¢6 thé duoc sir dung truc tiép trong wng dung.
Trong hé thdng ROS2, Navigation 2 (Nav2) la framework chinh dung dé diéu
khién robot di chuyén trong méi trudng di biét hodc chwa biét. Bé Nav2 hoat dong hiéu
qua, ta can ciu hinh mot sé tham sé quan trong trong cic node khac nhau. Duéi day 1a
phan trinh bay cac tham sé c4u hinh chinh thuong duoc sir dung trong Nav2:
Bdng 4.5: Tham sé cdu hinh Nav2

Tham sb Gia tri M5 ta
FollowPath.max_vel x 0.26 (m/s) | Toc do tinh tién toi da
FollowPath.min vel x 0.0 (m/s) Téc d6 tinh tién toi thiéu
FollowPath.max vel y 0.0 (m/s) Téc do y tbi da
FollowPath.min_vel y 0.0 (m/s) Téc d0 y tdi thiéu
FollowPath.max_vel theta 1.0 (rad/s) | Toc d6 quay toi da
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FollowPath.min speed theta 0.0 (rad/s) Téc d6 quay toi thiéu
FollowPath.max speed xy 0.26 (m/s) Téc do tinh tién toi da (tuyét doi)
FollowPath.min speed xy 0.0 (m/s) Téc do tinh tién toi thiéu (tuyét doi)
FollowPath.acc lim x 2.5 (m/s?) Gidi han gia toc theo x
FollowPath.acc lim y 0.0 (m/s?) Gi6i han gia toc theo y
FollowPath.acc lim_theta 3.2 (rad/s?) | Giéi han gia tbc quay
FollowPath.decel lim x 2.5 (m/s?) | Giéi han giam toc theo x
FollowPath.decel lim y 0.0 (m/s?) Gidi han giam toc theo y

FollowPath.decel lim theta

-3.2 (rad/s?)

Gioi han giam toc quay

Khoang dung sai vi tri x,y so v&i

FollowPath.xy goal tolerance | 0.05 (m) dich

Khoang dung sai gbc quay so voi
FollowPath.yaw goal tolerance | 0.25 (rad) dich
FollowPath.transform_tolerance | 0.2 (s) Khoang tré cho phép cua tf

4.5

4.5.1 Cau hinh firmware cho esp32

Tré vao mdi truong Ros2 da cai dat

Ciu hinh giao thirc truyén thong Micro-Ros

source /opt/ros/humble/setup.bash

Tao khong gian lam viéc va tai xuong cac cong cu micro-ROS

mkdir microros_ws

cd microros_ws

src/micro_ros_setup

git clone -b humble https://github.com/micro-ROS/micro_ros_setup.git

Cap nhat cac phu thudc su dung rosdep

sudo apt update && rosdep update

rosdep install --from-paths src --ignore-src -y

Tai pip va bién dich chuong trinh

sudo apt-get install python3-pip
colcon build

source install/local_setup.bash

Tao firmware mai

ros2 run micro_ros_setup create_firmware_ws.sh host
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Bién dich firmware vira tao

ros2 run micro_ros_setup build_firmware.sh

source install/local_setup.bash

4.5.2 Céau hinh Agent trén Ros2
Tai cac goi Micro-Ros-Agent

ros2 run micro_ros_setup create_agent_ws.sh

Sau khi cai xong thi tién hanh bién dich

ros2 run micro_ros_setup build_agent.sh

source install/local_setup.bash

453 Két noi esp32 va Ros2

Sau khi d4 cai dit thanh céng firmware va Agent thi cd thé tién hanh két ndi théng
qua cong serial. Bé cip quyén truy cap micro-ROS vao khong gian di liéu ROS 2 chay
Iénh:

ros2 run micro_ros_agent micro_ros_agent serial --dev /dev/ttyUSB1

Néu thanh cong s& nhan dugc cac théng bao nhu sau:

Thong béo trén Ros2 Hoat dong M6 ta
. e Vi diéu khién (MCU) két noi
create_client Keét noi client . R .
- thanh cong téi Agent
i . I .| Tao phién lam viéc gitra MCU va
session established Thiet 1ap phién
Agent
- . MCU tham gia hé thong DDS nhu
create_participant Tao participant .
1 thuc thé
create_topic Tao topic Tao chu dé dé truyén/nhan di lidu
create_publisher Thiét lap o _
i i MCU gui dir ligu 1én topic
[create_datawriter publish
create_subscriber Thiét lap .
. MCU nhan dir li¢u tur topic
[create_datareader subscribe
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4.6  Cau hinh truyén thong DDS

Dé thiét 1ap truyén thong hiéu qua gitta Raspberry Pi 4 va Remote PC bing DDS,
can cau hinh cac tham sb co ban bao gém vai trd Publisher/Subscriber, Domain 1D, va
mang WLAN. Bang 4.6 trinh bay chi tiét cau hinh nay dé dam bao két néi 6n dinh va
truyén dit liéu chinh xac trong hé théng.

Bdng 4.6: Cau hinh truyén thong DDS

Raspberry pi4 Remote PC
Node Publisher/Subscriber Subscriber/ Publisher
Domain ID 0 0
Network WLAN WLAN
4.7  Céau hinh tham sb va publish dir li¢u lidar

Pé tich hop va sir dung cam bién LIDAR A1MS8 trong hé thong robot ty hanh can
thiét 1ap cac tham sé cau hinh phi hop nham d¢am bao thiét bi hoat dong 6n dinh va cung
cap dit liéu chinh xac cho hé thng ROS. Céc tham sé nay bao gom cau hinh cong két
ndi, toc do truyén dir lidu, ché do quét, goc va khoang cach quét, cling nhu cac thiét lap
bo tro nhu bu goc va hudng quay dit liéu. Bang dudi day trinh bay chi tiét cac tham sé
cau hinh cho LIDAR A1MS8 trong mdi truong ROS2.

Bdang 4.7: Cdu hinh tham sé cam bién Lidar

Tham s Giatridé | Kiéu dir Y nghia
xuét liéu

Puong dan thiét bi cua cong serial noi
serial_port /dev/ttyUSBO | string LiDAR duoc két n6i
serial_baudrate | 115200 int Téc d6 truyén dir liéu qua UART

laser hoac Tén khung TF dung cho dir li¢u

frame_id base scan string LaserScan
inverted false bool Néu true, dao chiéu quay dit liéu quét
angle_compensate | true bool Bu goc nham lam déu mat do tia quét

Ché d6 quét: Standard 1a duy nhat ho trg
scan_mode Standard string t6t trén A1M8

Tén topic ROS dé publish dir liéu
topic /scan string sensor_msgs/msg/LaserScan
range_min 0.15 float Khoang cach tdi thiéu co thé do dugc (m)
range_max 12.0 float Khoang cach tdi da c6 thé do dugc (m)
angle_min -3.14159 float (rad) | Goc bat dau quét
angle_max 3.14159 float (rad) | Goc két thuc quét
scan_rate 10.0 float (Hz) | Tan suat quét
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4.8 TF trong ROS2

Trong céc hé théng robot di dong, viéc xac dinh méi quan hé khdng gian giira cac
bo phan nhu than robot, cam bién (LIDAR, camera), banh xe, hoic cac diém mdc 12 rat
quan trong dé robot cd thé cam nhan, hiéu va twong tac chinh xac v6i moi truong xung
quanh.

TF (Transform) 1a mot thanh phan cét 16i trong ROS 2, cho phép theo ddi hé théng
cac hé toa do (coordinate frames) va mdi quan hé hinh hoc (bién déi khdng gian) gitra
ching theo thoi gian thuc.

Muc dich chinh cua TF la quan ly cac hé toa do dong, cho phép cac node khac
trong hé théng truy xuat vi tri twong ddi giira cac thanh phan. Bong thai hd trg céc bai
toan diéu hudng, dinh vi, cam bién, thi giac may tinh va tich hop cam bién
4.8.1 Cac hé toa @9 chinh trén robot

Hinh 4.2: Hé toa do robot

Hé toa do base_link (X y,Z,): La h¢ toa do trung tdm, gan truc tiép véi than
robot. Goc toa d6 thuong duoc dit tai thm cua robot. Pay 1a hé quy chiéu chinh dé biéu
dién van tdc, hudng di chuyén, va vi tri tuong ddi ciia cac bo phan khac trén robot.

H¢ toa d¢ base_scan (X Y ,Z,): Day la h¢ toa do gin véi cam bién LiDAR hoic

cac thiét bi quét laser 2D. N6 xac dinh chinh x4c vi tri va huéng cia cam bién so Véi
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base_link, gitp chuyén ddi dit liéu quét sang toa do robot dé xu Iy ban db va tranh vat
can.

Hé toa do IMU_link (X v ,Z,): Gan véi cam bién IMU (Inertial Measurement
Unit), dung dé do goc quay, van téc goc va gia téc tuyén tinh. Hé toa d6 nay gilp xéac
dinh trang théai chuyén dong va dinh huéng caa robot trong khéng gian.

Hé toa do map (X Y ,z,): La hé toa do tinh, c¢b dinh véi moi trueong xung quanh.
Puoc sir dung trong cac thuat toan dinh vi va SLAM (Simultaneous Localization and
Mapping), gilip robot biét vi tri cia minh trong khéng gian toan cuc (global position).

Trong qua trinh diéu khién robot di chuyén, tat ca cac thong tin vé vi tri, van tic,
huéng di va dir liéu cam bién déu can dugc quy ddi vé hé toa do base_link. Diéu nay
dam bao:

e Viéc 1ap ké hoach duong di va tranh vat can dién ra ding theo huéng di
chuyén thyc té cuaa robot.
e Céc thuat toan diéu khién va phan hoi hoat dong chinh xac trong khéng
gian gan vai robot.
e Viéc tich hop dix liéu tir nhiéu cam bién (LIDAR, IMU, camera...) dién ra
théng nhat va dong bo.
4.8.2 Cong thirc chuyén déi gitra cac hé trén robot

Dé chuyén mot diem p, tir hé toa do A sang hé B, ta st dung ma tran bién doi
ddng nht;

P, =T, ,.P, (4.1)
Trong d6: P, P, :Lacac toa do diém trong hé A va B c6 dang [x, y,z,1]T

T, ., :Lamatran bién doi 4x4, bao gom phép quay va tinh tién

A

Ma tran bién doi dong nhat cé dang:

R t r r r., t

0 0 0 1]
e Chuyén dbi tir map vé base_link:
base _link :Tmap»base_lmk P map (4'3)
e Chuyén d6i tir base_scan vé base_link:
nase_tink = | base _scansbase _iink *Fbase_scan (4.4)
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e Chuyén dbi tir IMU_link vé base_link:
P =T P (4.5)

base _link IMU _link —base _link *° IMU _link
4.9  Thiét ké bd diéu khién cho dong co

Pong co DC 1a thanh phan ¢t 16i trong hé théng truyén dong cua xe ty hanh hai
banh, dam nhiém vai tro chuyén d6i ning luong dién thanh chuyén dong co hoc dé diéu
khién téc d6 va hudng di chuyén cia xe. Trong bdi canh nha kho, noi yéu cau xe di
chuyén chinh xéac va 6n dinh trén cac 16i di hep, viéc mé hinh hoa dong co DC 14 budc
quan trong dé hiéu rd dic tinh dong hoc va thiét ké bo diéu khién hiéu qua.

4.9.1 Mo hinh hoa dong co

Do ddng co DC duoc sir dung trong dd an nay khong cé théng sé k§ thuat tir nha
san xuat, phuong phap nhan dang hé thong (System Identification) duoc 4p dung dé xéac
dinh md hinh toan hoc dua trén dit liéu thuc nghiém.

Pé xéac dinh dic tinh cia dong co, hai dong co DC duoc thir nghiém bang cach cap
dién ap 12V va do téc do quay cua chung théng qua cam bién toc do (encoder). Dix liéu
tdc do dugc ghi lai vai tan sb 1y mau 10 Hz dé dam bao d6 chinh xac trong viéc md ta
dap tmg d6ng hoc. Qua trinh do duoc thuc hién trong diéu kién khéng tai dé loai bo anh
huong cua mé-men tai bén ngoai.

T T ' N e o S B A Ml
le9s
82 + 17.22 8 + 55.5%
Name: DCL
Continuous-time identified transfer function.

Parameterization:
Humber of poles: 2 Number of zeros: 0
Humber of free coefficients: 3
Use "tfdata™, "getpvec™, "getcov"™ for parameters and their uncertainties.

Status:
Estimated using TFEST opg tLipe domain data "DCL™.
Fit to estimation data:]9%6.13%])({stakbility enforced)

Hinh 4.3: Nhdn dang ham truyén dong co 1
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Frop jopyut "ul™ Lo gutput "yl™:

372 + 14.48 3 + 77.94
Name: DC2
Lontinuous-time ldentified transfer function.

Parameterization:
HNumbker of poles: 2 Number of zeros: 0
Humber of free coefficients: 3
Use "tfdata™, "getpvec”, "getcov"™ for parameters and their uncertainties.

Status:

Estimated using TFEST on time domain data "DC2".

Fit to estimation data: |98.37%](data prefiltered, stability enforced)
e——

Hinh 4.4: Nhdn dang ham truyén dong co 2

Két qua nhan dang hai dong co c¢6 do chinh xac 16n hon 96% , chtng té md hinh
bac 2 phu hop dé mé ta dic tinh dong hoc cia dong co trong diéu kién thir nghiém.

1698
5 4+ 17225 4+ 50.50
J_ Ham truyén OC 1 o C]
I
12
178 RPM DC
5 4 14.485 4+ 77.94
Ham truyan DC 2
350 I I =
( RPM DC1 [T
00 I/ RPM DC2 |4
250
200
150
100
50
0
0 1 2 3 4 5 i3 7 a8 9 10

Hinh 4.5: M6 phong toc do dong co nhan dang dwoc

Ham truyén thu dugc cung cip co sé toan hoc dé md phong va thiét ké bo diéu
khién cho xe ty hanh. Su khac biét nho gitra hai dong co dugc xem xét trong qua trinh
thiét ké dé dam bao hiéu suét diéu khién ddng bo giira hai banh xe.
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4.9.2 Tinh chon bd diéu khién cho dong co
Thiét ké bo diéu khién PID dua vao dap Gmg qua d6 cua hé ho: Phuong phap

Zeigler-Nichols 1
r(t) | |_4 , c(t)

Dadi twong

A 4

O day ta tién hanh tac dong tin hiéu ham budc ngd vao va quan sat tin hiéu dau ra.
C(t) L ]

B3

T+ T

Hinh 4.6: Phuong phdp ké tiép tuyén

Dua vao phuong phap ké tiép tuyén dé xac dinh mo hinh xap xi FOPDT (First
Order Plus Dead Time) tir phan tng budc caa hé thong.
Trong do:
e Puong cong mau do 1a phan tng cia hé théng khi dua vao tin hiéu budc
e K :do lon tin hiéu dat ( ham budc)
e Ti: Thoi gian tir khi kich thich dau vao dén khi tiép tuyén cit truc thoi gian —
goi la thoi gian tré.
e T2 : Thoi gian tir lac kich thich dén khi tiép tuyén cit muc gié tri cudi (K)
Bo diéu khién PID c6 dang:

6 () =Kp(l+—1+T ) (4.6)
T s

!
Xéc dinh cac thong sé cua bo diéu khién dya vao bang thong sé cua Zeigler —
Nichol
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Bdng 4.8: Lya chon thong sé cho bg diéu khién

Controller K, T T,

P T,/TK) & 0

PI 097,/ K) T,/03 0
PID 121, /(T K ) 2, 0.57,

Dua vao phuong phap Zeigler-Nichols 1 d3 trinh bay & trén, tién hanh tinh chon
bo diéu khién PI cho dong co:0

Str dung matlab viét chuwong trinh xac dinh duodng tiép tuyén cho mdi ham truyén
ctia dong co, tir d6 ¢ co sé dé xac dinh cac thong sb diéu khién hé théng.

Rpm DC
Tidp twyen |4

®  Jiém i

Speod (rad's)

150

Speed (rad/s)

b o - - -

S |
136

1 1.2 14 1.6 18 05 e 0.2 wnel 4 06 0.8
i s Bas

1410

Time: (s) : ‘ Time (s)

Hinh 4.7: Xac dinh md hinh xdp xi FOPDT dua vao phwong phdp ké tiép tuyén
cho dong co 1 va 2
% DBongco 1

Sau khi thyuc hién xac dinh mé hinh xap xi xong, ta xac dinh duoc cac tham sb
chinh:

T,=0.036(s)

T,=0.413-0.036 = 0.377(s)

K =341.8

Dua vao bang théng sé cua Zeigler — Nichol, ta chon bo diéu khién PI cho dong
co 1:
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% Dong co 2

T 0.9 0.377

K =092 —09__ 9377 _02757
P I XK 0.036x341.8
r- T 0036 44
' ~03 03
K 002757
K ——o_ —0.22975
T T o

Tuong tu nhu & dong co 1, sau khi thuc hién xac dinh md hinh xap xi xong, ta xac

dinh dugc cac tham sé chinh:
T, = 0.03385(s)
T, =0.30685-0.03385=0.273(s)

K =352.3

Duwa vao bang théng sé cua Zeigler — Nichol, ta chon b diéu khién PI cho dong

co 2:

T 0.273
K =09—2_=09 = 0.0206
P~ T xK 0.03385x352.3
T, 0.03385
T =—L= =0.1128
703 03
K, 0.0206
K, =—2=—""""2-0.18257
'~ 7, 01128 0182575

LC] 0]

Group 1
% Signal 1 —9

RPM setpoint1

v RPM
2288
Pi(s)

5% + 14.485s +77.94

Ham truyén DC2

» 1698
(€) 2+ 17225+ 59.59
Ham truyén DC1
’

Hinh 4.8: M6 hinh diéu khién toc dg dong co qua bdk PI

SVTH: Nguyén Duy An, Néng Ngoc Kién, Ly Vin Thirong

GVHD: Ts. Ng6 Dinh Thanh

52



Capstone Project:

“Ung dung thudt toan SLAM va xu Iy dién toan bién cho dinh vi, ldgp ban dé
ty hanh trong nha kho”

robot

T T T =

------

- ———

Sovple seser  T=12.000 Haady Barps bwsed T<10 08¢

Hinh 4.9: Pap tng cta dong co trudc va sau khi cé bo diéu khién PI

O ché d6 chwa c6 bd diéu khién (hé ho), dong co duoc tic dong bang tin hiéu budc.
Quan sat phan tng cho thay hé théng c6 dao dong, dap tng cham, va sai léch tinh khong
bang 0. Piéu nay chiing té hé thdng chua dap tng tét yéu cau diéu khién.

Sau khi tinh toan duoc céc théng sb cua bo diéu khién PI theo phwong phap
Ziegler-Nichols va dua vao hé thng, tién hanh mé phong lai. Két qua cho thay:

e yepQua trinh qua do it dao dong

e Sai léch tinh gan nhu bang 0

e Hé thdng on dinh va dap tng tét hon khi chwa c6 bo diéu khién

410 Céu hinh diéu khién trén esp32 va giri dir liéu phan hoi vé ros2
4.10.1 Lwu d6 thuét toan diéu khién va xi ly di liéu trén ESP32

Khai tao MPUG050, PWM,
Timer, Micro - ROS, Chéan I/O

Hinh 4.10: Luru do thudt todn chwong trinh chinh
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Ngat encoder

Counter ++

Counter -

Hinh 4.11: Luru d6 thudt todn chwong trinh ngdt doc encoder

Ngat timer

Nhan Iénh Cmd_vel tr ROS2

Tinh toan van téc RPM tir encoder

Tinh toan van toc dat sang RPM

Tinh toan bd diéu khién PI

Diéu khién dong co

Tinh toan van toéc m/s tir encoder

Doc cam bién MPUB050

Gtri van téc thuc té va goc quay lén ROS2

Hinh 4.12: Luru d6 thudt todn chwong trinh ngat timer xi Ii tin hiéu
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Qua trinh xtr ly tin hiéu:
e Nhan Iénh cmd_vel tir ROS2:
Esp32 s& nhan lénh diéu khién van tdc tuyén tinh va goc (linear + angular) tir hé
théng ROS2 guri xudng.
e Tinh van tbc RPM tir encoder:
Poc encoder gin trén dong co dé tinh van téc thuc té hién tai theo don vi RPM
(vong/phat).
e Tinh van toc dat (setpoint) sang RPM:
Chuyén doi tir cmd_vel (m/s) sang don vi RPM, phtl hop dé so sanh va diéu khién.
e Tinh toan bo diéu khién PI:
Str dung bo diéu khién PI (Proportional-Integral) dé tinh toan sai s6 giira van toc
dat va van toc thuc té, tir d6 dua ra gia tri diéu khién PWM cho dong co.
e Diéu khién dong co:
Guri tin hiéu PWM dén driver dong co dua trén két qua tir bo diéu khién PI.
e Tinh van tc thyuc té (m/s):
Sau khi diéu khién, tinh lai van tc thuc té theo m/s dé giri 18n ROS2.
e Doc cam bién MPU6050;
Doc goc quay (tdc d6 goc quanh truc Z — omega_z) tir IMU dé cung cip thang tin
dinh hudng.
e Giri van toc va goc quay 1én ROS2:
Guri cac dir liéu thuc té van toc va goc quay 1én ROS2 véi topic /wheel_speed.
4.11 Céhu hinh Node DC_Control xir 1y publish di liéu odom
ESP32 c6 tai nguyén tinh toan han ché (RAM va CPU thdp), nén dé giam tai xur
ly, viéc tinh toan dir liéu odometry s& dugc chuyén sang thuc hién trén Raspberry Pi 4.
ESP32 s& chi dam nhiém vai tro do luong toc do banh xe va truyén di liéu 1én
ROS 2 théng qua micro-ROS. Cu thé, ESP32 s& publish dit liéu 1&n topic /wheel_speed
dué6i dang mot thong diép geometry_msgs/msg/Vector3, trong d6 gdbm:
x : van tdc banh trai
y : van toc banh phai
z : van toc goc cua robot
Trén Raspberry Pi 4, mot node c6 tén dc_control s€ dam nhan viéc:
e Nhan dir liéu tir topic /wheel_speed
e Tinh toan thong tin odometry theo céng thurc sau:
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X+ =v .At.cos(0)
y +=v.At.sin(0) 4.7)
0+ = w.At

v left

‘v o
Trong do6: v = T”ghtla van toc tuyen tinh cua robot

@ :1a van téc goc
At 12 khoang thoi gian giira 2 1an cap nhat
0 :1a goc quay cua robot
Sau khi tinh toan xong, node s& publish thdng tin odometry Ién topic /odom dé céac
node khac nhu TF, localization, hoac SLAM st dung.
4.12 Hoan thién két ndi ludng dir liéu hé thong
Sau khi két néi hoan thién hé thong, tién hanh chay kiém tra luong dit liéu:

|
il 1
= 3= — S 'sinm Iscam_matched_ponts? |
(:_ Anpn__nadv_>4 Iwhenl_spesd jbf\ ‘c_contrel ) ——— o — = “Transtoem_listener_
— - e . _impl_8d(22480 Sewd
B ¥ &~ T
e R { “\."_ ——
_ [roket_state ;wmmﬁ < Nransfoem_listenes_

—_Impl_S5b0067039

Hinh 4.13: So dé luong di lidu giga cac node trong hé thong ROS

So dd ludng dir liéu duoc thé hién trong Hinh 4.13, mé ta mdi lién hé gita céc
thanh phan trong hé thong. Tin hiéu toc d6 tir dong co duoc thu thap bai vi diéu khién
ESP32 va guri v& node Jlesp32_node]. Dit liéu nay dugc phét trén topic wheel_speed), sau
d6 duoc node xir ly dé didu khién dong co, ddng thoi tinh toan vi tri trong
dbi cua robot dya trén phuong phap odometry. Node nay xuat dit liéu ra c4c topic ,
va ['tfl, twong @ng véi thdng tin vi tri, trang thai khop va cac bién dbi toa do.

Song song Vai quéa trinh thu thap toc do, hé thong cling nhan di liéu tir cam bién
LiDAR théng qua node [rplidar_node], vai dit lidu quét méi truong dwoc phét trén topic
Uscan]. Ca hai dong dir ligu tir [/scan| va Jodom] dwgc chuyén dén node [slaml, noi thuc
hién thuat toan SLAM dé xac dinh vi tri robot dong thoi vai viéc xay dung ban ¢6 moi
truong xung quanh. Két qua SLAM bao gém cac diém quét da duoc hiéu chinh duoc

, trong khi thong tin dinh vi duoc phat dén topic

giri qua topic Jscan_matched_points?2

nham cung cap cé4c bién doi toa do phuc vu cho céc thanh phan khac trong hé théng.

DPé hién thi mdé hinh robot va phuc vu céc thuat toan didu huéng, node
Jrobot_state_publisher] st dung thdng tin tur dé tinh toan cac bién ddi hinh
hoc dua trén md hinh URDF cua robot va phat tiép I&n topic . Céac node listener nhu

Jtransform_listener_impl_* ls& nhan céc thong tin tir J/tf] dé dung lai vi tri va hudng cua
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robot trong khéng gian, tir 46 phuc vu cho viéc hién thi, giam sét hoic diéu khién robot.
Tat ca cac budc trén tao thanh mot chu trinh khép kin, dam bao robot cé thé dinh vi
chinh xac, xay dung ban d6, va phan @ng kip thai véi méi treong xung quanh.
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CHUONG 5. KIEM NGHIEM VA PANH GIA KET QUA

5.1 Mo phéng
Sau khi hoan tat qué trinh ciu hinh hé théng va lap trinh c4c thuat toan trinh bay
trong Chuong 4, nhom tién hanh budc mé phong thuat toan SLAM nham kiém chiing
kha ning dinh vi va xay dung ban d6 méi truong cua hé théng.
Viéc md phong duoc thyc hién trén nén tang robot a0 TurtleBot3 Burger, st dung
moi truong gia lap Gazebo.
Muc tiéu cua qué trinh mé phong la:
e Danh gia hiéu qua hoat dong cua thuat toan SLAM da phat trién
e Kiém tra d6 chinh xéc dinh vi
e Kiém chung kha niang xdy dung ban d6 méi truong
e Phat hién va diéu chinh cic van dé tiém an trude khi trién khai thyuc té
5.1.1 Lap ban dd
5.1.1.1 Khéi tao méi trweong mé phong Gazebo
Trudc tién, can thiét 1ap moi trudng gia lap Gazebo véi md hinh robot TurtleBot3
trong ban dd c6 san (turtlebot3_world)

export TURTLEBOT3_MODEL=burger
ROS2 launch turtlebot3_gazebo turtlebot3_world.launch.py

Hinh 5.1: Méi trirong md phéng véi robot san sang hoat dong.

5.1.1.2 Khéi chay thuat toan SLAM
Khai chay thuat toan slam da dugc xay dung trude do:
export TURTLEBOT3_MODEL=burger

ROS2 launch turtlebot3 _slam slam.launch.py use_sim_time:=True
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Cau lénh trén s& khai chay node slam_gmapping, cho phép robot vira di chuyén
vira xay dung ban dd méi trudng xung quanh.
5.1.1.3 Di chuyén robot dé thu thap dit liéu ban do

Qua trinh diéu khién robot duoc thuc hién thdng qua giao dién diéu khién ban phim
gitip dam bao robot quét dwgc nhiéu khu vuc khéc nhau nham hoan thién ban db:
export TURTLEBOT3_MODEL=burger

ROS2 run turtlebot3_teleop teleop_keyboard

Comtrol Your TurtleBot3!

Moving around:

Wiz @ increasefdecrease linear velocity

afd : increasefdecrease angular welocity
space key, s : force stop

CTRL-C to guit

Hinh 5.2: diéu khién robot di chuyén dé quét map

5.1.1.4 Luwu ban d6 sau khi quét

Sau khi diéu khién robot quét xung quanh, ban do thu duoc thé hién day du cac
canh twdng, vat can va hinh dang khéng gian. Piéu nay cho thdy thuat toan
slam_gmapping xt Iy dit liéu scan mot cach on dinh.

Khi ban db da duoc xay dung hoan chinh, thyc hién luu lai ban db nay bang cong
Cu map_Server:

ROS2 run nav2_map_server map_saver_cli -f ~/map

Hinh 5.3: Ban d6 md phong dwoc quét hoan chinh
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5.1.2 Pinhvi

Ban dd thu duogc tir giai doan SLAM dong vai trd lam co sé dit liéu nén cho budéc
dinh vi tiép theo. Tai day, robot sir dung thuat toan dinh vi dé udc lwong vi tri hién tai
ciia minh trén ban d6 da xay dung, théng qua viéc so sanh dit liéu cam bién thoi gian
thuc vai dit liéu ban do.
5.1.2.1 Khéi chay thuéat toan dinh vi

export TURTLEBOT3_MODEL=burger

ROS2 launch turtlebot3 navigation2 navigation2.launch.py

map : =$HOME /map . yaml

5.1.2.2 Qua trinh robot dinh vi vi tri
Khi ca méi treong va thuat toan dinh vi d sin sang nhu hinh 4.1a, budc ké tiép 1a

udce lwong vi tri ban dau cua robot trong ban dd. Viée nay dwgc thuc hién trong cong cu
truc quan hoa Rviz:

e Mo giao dién Rviz.

e Nhin vao nat “2D Pose Estimate” trén thanh cong cu.

e Click chuét trai vao vi tri mong mudn trén ban do dé xac dinh vi tri x, v.

e Kéo chuot dé dinh huéng (yaw) cho robot.

(a). (b).
Hinh 5.4: Qua trinh dinh vi theo hinh a, b, ¢

Khi vira udc lwong xong vi tri ban dau nhu hinh 4.1b ta c¢6 thé thiy duoc vi tri
trong ddi cua robot trén ban do. LGc ndy thuat todn slam bat dau hoat dong thé hién
bang cac vector du doan vi tri va huéng cua robot trong méi truong. Dé ting d6 chinh
xéc trong viéc dinh vi vi tri cia robot, ta can cho robot di chuyén. Sau khi di chuyén
thuat toan slam da tinh toan va du bao chinh xac vi tri ctiia robot nhu hinh 4.1c, thé hién
bang viéc dudng quét lidar da trung khép véi cac canh cua ban d6 va cac vector du doan
vi tri cua robot da hoi tu lai vai nhau.
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5.1.3 Panh gia két qua md phéng

Ban d6 mdi truong md phong duoc xay dung day du va rd rang, cac duong bién,
vit can va khong gian trong duoc thé hién chinh xéac trong RViz.

Thuat toan SLAM hoat dong tét, dam bao viéc cap nhat lién tuc ban d6 trong khi
robot dang di chuyén, dong thoi giit dugc dinh vi chinh xac trong khéng gian md phong.

Kha niang diéu hudng chinh xéac: Robot ¢6 thé di chuyén tir vi tri xuat phat dén vi
tri dich v6i quy dao toi wu, tranh vat can va dimng dung tai diém mong mudn vai sai s6
rat nho.

5.2 Thuc Nghiém

Sau khi hoan thanh cac buéc thiét ké phan ctiing, xay dung phan mém va tich hop
hé théng, mé hinh xe tu hanh d3 sin sang cho viéc kiém thir trong diéu kién thuc té.

Két qua thuc nghiém s& duoc trinh bay chi tiét trong cac muc tiép theo, bao gom
hinh anh minh hoa qué trinh robot hoat dong va ban d6 maéi trudng thu dugc tir phan
mém RViz.

5.2.1 Lap ban do

Dé minh hoa tryc quan cho qua trinh 1ap ban do, nhém thyuc hién da ghi lai video
toan bo qua trinh xe ty hanh thuc hién quét méi truong va xay dung ban do trong thoi
gian thyc. Du6i day 1a mot s6 hinh anh duoc trich xuat tir video nham thé hién ting giai
doan cua qué trinh.

Dénh gia d6 tin cay cua ban dd duoc tao ra bang thuat toan SLAM, nhém thyc hién
dbi chiéu hinh anh thyc té tir camera (quay qua trinh robot di chuyén) vai ban d6 duoc
hién thi song song trén RViz. Viéc so sanh nay gilp xac nhan rang cac dic diém vat ly
ctia moi trudng thyuc té da duoc phan anh chinh xéc trén ban d6 sé.

+¢ Qua trinh thuc hién:
Thiét 1ap mai truong va khai chay thuat toan slam.

export TURTLEBOT3_MODEL=burger

ros2 launch turtlebot3 slam slam.launch.py

Khai chay node dung ban phim diéu khién robot. Tai day tién hanh diéu khién
robot chay dé quét ban do.

export TURTLEBOT3_MODEL=burger
ros2 run turtlebot3_teleop teleop_keyboard
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(a). | (b).

(©). (d).

Hinh 5.5: Thyee nghiém ldp ban dé cia robot
theo trinh ti cac hinh a, b, c, d

Hinh 5.5 ghi lai qué trinh robot di chuyén trong méi trudng thyc té dudi su diéu
khién tir xa thdng qua cac lénh diéu hudng dugc guri tir may tinh diéu khién (remote PC).
Robot nhan Iénh di chuyén tién, IUi, ré tréi, r& phai thong qua ROS2 va thuc hién céc
chuyén dong twong tng trong khong gian thyc.

Song song Vi d6, Hinh 5.6 thé hién qua trinh quét ban d6 trong thoi gian thyc trén
giao dién RViz, twong (tng Véi timg tu thé va vi tri robot trong Hinh 5.5.

Khi vira khai chay thuat toan SLAM dé bat ¢au quéa trinh xay dung ban d6, nhu
thé hién ¢ Hinh 5.6.a, ban d6 con ¢ trang thai so khai véi rét it théng tin vé moi truong
xung quanh; cic dic trung (landmark) chwa dugc xac dinh rd rang. Khi robot bat dau di
chuyén, cac cam bién nhu LiDAR, encoder va IMU lién tuc thu thap dit liéu, va gui vé
thuat toan SLAM xir Iy va cap nhat dan thong tin méi truong. Ban do dan hién rd khi
robot quét qua cac khu vuc méi, nhu Hinh 5.6.b va 5.6.c. Cudi cung, khi robot di di qua
hau hét khdng gian can 1ap ban d6, ban d6 dugc hoan thién mot cach day du, thé hién rd
cac tudng, vat can va khong gian trong, nhu thé hién trong Hinh 5.6.d.
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(). (b).

(). ‘ (d).
Hinh 5.6: Ban do dwoc tao theo trinh tr
cac hinha, b, c,d

Pam bao rang qué trinh quét map da chay xong, ban db hién thi trén RViz da day du va
chinh x4c. Sau d6, mé mot terminal mai va chay 1énh sau dé luu ban d6 vira tao:

ros2 run nav2_map_server map_saver_cli -f ~/map

5.2.2 Pinh vi va diéu hwéng

Sau khi hoan tat qua trinh xay dung ban d6 méi truong bang thuat toan SLAM,
budc tiép theo trong qua trinh 1 trién khai chirc nang dinh vi va diéu hudng ty dong dua
trén ban do da lwu. Qua trinh nay cho phép robot xac dinh vi tri hién tai cuia minh trong
khong gian va tu dong di chuyén dén cac vi tri dich dugc chi dinh, dong thoi dam bao
an toan tranh va cham véi cac chudng ngai vat.

Hé thdng dinh vi va diéu hudng duoc khai dong bang launch file navigation2.
launch.py nam trong goi turtlebot3_navigation2. Launch file nay tich hop day du cac
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thanh phan can thiét cho qua trinh tu hanh. Bé Launch file hoat dong tién hanh truyén
duong dan téi file ban d6 .yaml da luu trude d6 bang lénh:

export TURTLEBOT3_MODEL=burger
ros2 launch turtlebot3 navigation2 navigation2.launch.py

map : =$HOME /map.yaml

Song song vai d6, khai chay giao dién tryc quan RViz bang lénh:

rviz2 -d $(ros2 pkg prefix

nav2_bringup)/share/nav2_bringup/rviz/nav2_default_view.rviz

Hinh 5.7 Qud trinh dinh Vi va diéu huéng
cua robot

Trong qua trinh kiém thtr chirc nang dinh vi va diéu hudng, robot dugc dit tai mot
vi tri bat ky trong méi trudng, trong khi vi tri dich duoc xac dinh 1a mot khu vuc ¢6 danh
dau vién den trén mat san. Hinh 5.7.a 1a vi tri khoi dau thuc té caa robot trong khong
gian thir nghiém, trong khi Hinh 5.7.b thé hién vj tri twong (ng trén ban d6 & may tinh
giam sat thdng qua phan mém RViz. Sau khi giri 1énh dé nav2 diéu hudng tu dong dén
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vi tri dich 13 khu vuc duoc danh dau vién den, hé théng da xt Iy dit liéu ban db va tinh
toan 16 trinh di chuyén téi wu, cho phép robot ty hanh tién dén khu vuc muc tiéu mot
cach chinh xac. Két qua dat dugc cho thiy robot da di chuyén thanh coéng dén vj tri duoc
danh dau vién den nhu minh hoa & Hinh 5.7.c trong moéi truong thuc té, dong thoi vi tri
dich cling dugc thé hién r6 rang trén ban d6 trong Hinh 5.7.d. Diéu nay khang dinh do
chinh xac va hiéu qua cao cua hé théng dinh vi va diéu huéng dua trén ban d6 SLAM.
5.3  Danh gia két qua thue nghiém
% V& quéa trinh 1ap ban d6 (Mapping)

Tinh chinh xé4c cao: Ban d6 duoc tao tir dit liéu cam bién LiDAR thdng qua thuat
toan SLAM phan &nh rd rang cau tric khdng gian thir nghiém, bao gom cac buc tuong,
g6c phong va vat can nhu ban, ghé, tu...

Tinh lién tuc: Trong qué trinh robot di chuyén, ban do dugc cap nhat lién tuc theo
thoi gian thuc trén RViz ma khong xay ra hién tugng mat dit liéu hay nhay vi tri.

Do tré thap: Viéc xu Iy dit liéu tir cam bién va hién thi trén ban do dién ra gan nhu
dong thoi, dap wng yéu cau thoi gian thuc cho céc ung dung diéu huéng tu dong.

Sai s6 nho: Sai sé dinh vi trung binh cuaa robot trong quéa trinh 1ap ban db vao
khoang 5-10 cm, hoan toan chap nhan dugc dbi véi méi truong trong nha ¢ khdng gian
han ché.

< V& qua trinh diéu hudng (Navigation)

Kha ning di chuyén chinh xac: Robot dd dinh huéng va di chuyén thanh cong tir
vi tri bat ky dén vi tri dich dugc danh dau, véi quy dao hop 1y va tranh dugc céc vat can
trén duong di véi d6 chinh xac kha cao.

Phan hoi tét véi ban dd: Hé thdng st dung ban d6 da xay dung dé 1én ké hoach
duong di, tinh toan cac budc ré, va diéu chinh hudng di chuyén mét céach linh hoat.

Thanh cong trong mdi trudng thuc té: Thir nghiém diéu hudng cho thay hé théng
c6 thé 4p dung trong cac moi trudng thuc té twong tu véi diéu kién anh sang ty nhién,
nén biang phang va c6 nhiéu vat can.

Do 6n dinh twong d6i cao: Robot it bi mat phuwong hudng hoic léch khoi quy dao
dur kién trong sudt qua trinh diéu hudng.
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KET LUAN CHUNG

Két luan

Dé tai "Ung dung thuat toan SLAM va xir 1y dién toan bién cho dinh vi, lap ban
dd robot tw hanh trong nha kho" da dwogc thuc hién nham xay dung mét hé théng robot
c6 kha ning ty ddng nhan thirc méi trudng, tu dinh vi va 1ap ban ¢6 ma khéng can dya
vao ha ting dinh vi sin c6. Bang viéc tich hop cac thanh phan phan cing nhu cam bién
LiDAR, encoder va may tinh bién (Raspberry Pi 4), ciing v&i phan mém ROS2 va thuét
toan SLAM, nhém thuc hién da phat trién thanh cong mot mé hinh robot ty hanh hoat
dong on dinh trong moi truong.

Céc noi dung chinh dat dwogc trong dé tai gom:

e Nghién ctru va ap dung thanh céng thuat toan SLAM (Simultaneous
Localization and Mapping) dé gitip robot d6ng thoi xac dinh vi tri cua chinh né
va xay dung ban d6 méi truong xung quanh.

e Trién khai md hinh xur 1y dién toan bién (Edge Computing) str dung vi may tinh
nhing nham giam tai xir ly dix liéu va dam bao hoat dong thoi gian thuc ma
khong phu thudc vao may chu trung tam.

e Hoan thién mé hinh md phong va thuc nghiém, trong d6 robot da thuc hién tét
cac chtrc nang: thu thap dir liéu méi truong, 1ap ban d6 thoi gian thuc, tu dong
diéu hudng va tranh vat can.

e K&t qua thir nghiém thuc té trong méi truang méd phong nha kho (phong kin)
cho thay robot c6 thé xay dung ban d6 véi do chinh xac cao (sai s6 dinh vi dudi
10 cm), dong thoi diéu hudng thanh cong dén vi tri dich.

Han ché
Mic du dat duoc nhiéu két qua tich cuc, dé tai van con mot s6 han ché nhu:

e Pham vi thir nghiém con giGi han trong méi truong nho va tuong doi it vat can.

e Chua tich hop thuat toan ti wu duong di nang cao va diéu hudng dong trong
mdi truong thay doi lién tuc.

Ngoai ra con mot sé han ché vé mat phan cang:

e Cam bién LiDAR A1MS: Pay la loai LiDAR gia ré, tim quét chi khoang 8-12
mét va goc quét 360° nhung do phan giai va toc do quét con han ché. Trong céc
moi trudng c6 anh sdng phan xa manh, nhiéu vat thé nho hoic vat can mong,
A1M8 dé bi nhiéu, anh hudng dén d6 chinh xac cua ban do.
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e IMU tich hop : IMU sir dung trong dé tai khdng phai loai chit lwong cao nén tin
hiéu d& bi nhiéu, troi dan theo thoi gian (drift), 1am giam d6 chinh xé&c cua dinh
vi khi robot quay géc hoac bi rung lc.

e ESP32: Mic du ¢ kha ning diéu khién dong co va truyén dir liéu, ESP32 c6
gidi han vé toc d6 xur Iy va bo nhé. Viéc truyén dix liéu encoder hoic cam bién
vé Raspberry Pi c6 thé giap do tré, anh huong dén phan hoi thoi gian thuc.

e Raspberry Pi 4: Pay la mdy tinh nhung c6 hiéu nang kha tét, nhung van chua
du manh dé xu ly ti vu thuat toan SLAM néu méi trudng phuc tap hoic ban dd
16n. Khi xtr Iy dong thoi nhiéu ludng di liéu (LIDAR, encoder, ...), hé thng c6
thé bi giat hoac tré hinh.

e Hé théng sir dung dong co thudng thay vi servo nén do chinh xac diéu huéng
chua cao, dé léch hudng khi quay hoic di chuyén cham.

Huwéng phét trién cho dé tai

Nang cap phan ctng: Sir dung LiDAR do phan giai cao, IMU chat luong tét, va
thay Raspberry Pi bang may tinh nhiing manh hon d¢ cai thién téc do xu 1y va do chinh
xac dinh vi.

Tich hop camera: Ap dung thuat toan Visual SLAM (vSLAM) véi camera RGB
hoic camera d6 siu (Realsense D435) dé hd trg nhan dang va lap ban d6 3D trong moi
treong phuc tap hon.

Str dung dong co servo: Thay thé dong co thuong bing dong co servo dé ting do
chinh xac khi di chuyén va diéu huéng, giam sai s6 khi quay va rg.

Cai tién thuat toan diéu huéng: Ung dung cac thuat toan lap ké hoach duong di
nang cao dé két hop tranh vat can dong va téi uu hoa tuyén duong trong thoi gian thuc.

M& rong moi trudng thir nghiém: Ap dung hé thng trong méi truong nha kho thyuc
té vai nhiéu vat thé di dong, kiém tra tinh on dinh va kha niang thich nghi cta robot trong
diéu kién hoat dong thuc té.

Xay dung giao dién diéu khién va giam sét tir xa: Phat trién dashboard trén web
hozc thiét bi di dong dé theo ddi trang thai robot, ban dd, va diéu khién tir xa qua mang.

SVTH: Nguyén Duy An, Néng Ngoc Kién, Ly Vin Thirong GVHD: Ts. Ng6 Dinh Thanh 67



Capstone Project: “Ung dung thudt toan SLAM va xu Iy dién toan bién cho dinh vi, ldgp ban dé robot
ty hanh trong nha kho”

DANH MUC THAM KHAO

[1] Zheng Zhang, Juan Chen* and Qing Guo, Application of Automated Guided
Vehicles in Smart Automated Warehouse Systems: A Survey, 2022

[2] Nazir Yusuf, Sabi’U Usman Suleiman, Review: Issues and Challenges of
Simultaneous Localization and Mapping (SLAM) Technology in Autonomous Robot,
2023

[3] Saleh Abuali, Mickyas Tamiru Asfaw, Perla Sammour, Controlling a Mobile
Robot Using ROS2 and Machine Learning, 2024

[4] Giorgio Grisetti, Rainer Kummerle, Cyrill Stachniss, Wolfram Burgard, A
Tutorial on Graph-Based SLAM, 2014

[5] Cyrill Stachniss, EKF SLAM — Simultaneous-Localization and Mapping, 2023

[6] Krisztian Balazs Kis, Janos Csempesz, Balazs Csanad Csaji, A simultaneous
localization and mapping algorithm for sensors with low sampling rate and its
application to autonomous mobile robots, 2021

[7] Inam Ullah, Deepak Adhikari, Habib Khan, M. Shahid Anwar, Shabir Ahmad,
Xiaoshan Bai, Mobile robot localization: Current challenges and future prospective,
2024

[8] Cesar Cadena, Past, Present, and Future of Simultaneous Localization and
Mapping, 2016

[9] Xiangdi Yue, Yihuan Zhang, Jiawei Chen, Junxin Chen, Xuanyi Zhou, Miaolei
He, LiDAR-based SLAM for robotic mapping: state of the art and new frontiers, 2023

[10] micro-ROS puts ROS 2 onto microcontrollers, micro-ROS | ROS 2 for
microcontrollers [Ngay truy cap: 15/4/2025]

[11] Turtlebot3 — Robotis e-Manual, TurtleBot3, [Ngay truy cap: 10/2/2025]

[12] Wheeled Mobile Robot KINEMATICS, Wheeled Mobile Robot Kinematics
— ROS2_Control: Rolling May 2025 documentation, [Ngay truy cap: 10/2/2025]

[13] ROS 2 Documentation, ROS 2 Documentation — ROS 2 Documentation:
Jazzy documentation [Ngay truy cap: 10/3/2025]

[14] eProsima Fast DDS, https://docs.ros.org/en/humble/Installation/RMW-
Implementations/DDS-Implementations/Working-with-eProsima-Fast-DDS.html
[Ngay truy cap: 10/4/2025]

SVTH: Nguyén Duy An, Néng Ngoc Kién, Ly Vin Thirong GVHD: Ts. Ng6 Dinh Thanh 68


https://micro.ros.org/
https://micro.ros.org/
https://emanual.robotis.com/docs/en/platform/turtlebot3/overview/
https://control.ros.org/rolling/doc/ros2_controllers/doc/mobile_robot_kinematics.html
https://control.ros.org/rolling/doc/ros2_controllers/doc/mobile_robot_kinematics.html
https://docs.ros.org/en/jazzy/index.html
https://docs.ros.org/en/jazzy/index.html
https://docs.ros.org/en/humble/Installation/RMW-Implementations/DDS-Implementations/Working-with-eProsima-Fast-DDS.html
https://docs.ros.org/en/humble/Installation/RMW-Implementations/DDS-Implementations/Working-with-eProsima-Fast-DDS.html

Capstone Project: “Ung dung thudt toan SLAM va xuw Iy dién toan bién cho dinh vi, ldgp ban dé robot
ty hanh trong nha kho”

PHU LUC

1. Cai dat Ubuntu 22.04
Hé diéu hanh Ubuntu 22.04 LTS duoc st dung dé dam bao tuong thich véi
ROS2 Humble.
2. Cai dat ROS2 trén PC
2.1.  Thiét 1ap ngudn phan mém

Qua trinh cai dat ROS2 Humble can c6 cac goi phan mém chinh thirc cia ROS2
dé dam bao kha nang tai va cai dit cac goi phan mém can thiét.

e Kich hoat kho Iuu trit Universe
Kho luu trit "Universe" duoc kich hoat nham cung cap cac goi phu thudc can

thiét cho ROS2.

sudo apt install software-properties-common

sudo add-apt-repository universe

e Thém khoa GPG cua ROS2

Thém vao hé théng dé xac thuc cac gbi phan mém tir ngudn ROS2.

sudo apt update && sudo apt install curl -y

sudo curl -sSL
https://raw.githubusercontent.com/R0S2/R0S2distro/master/R0OS2.key -o
/usr/share/keyrings/R0S2-archive-keyring.gpg

e Cau hinh ngudén ROS?2 trong danh sach apt

Dé hé théng nhan dién va tai cac goi tir may cha chinh thie.

echo "deb [arch=$(dpkg --print-architecture) signed
by=/usr/share/keyrings/R0S2-archive-keyring.gpg]
http://packages.R0S2.org/R0S2/ubuntu $(. /etc/os-release && echo
$UBUNTU_CODENAME) main" | sudo tee /etc/apt/sources.list.d/R0S2.1list >
/dev/null

2.2. Cap nhat va cai dat ROS2

e (Cap nhat danh sach goi phﬁn mém

sudo apt update
sudo apt upgrade
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e (ai dat phién ban Desktop

Du céc cong cu nhu RViz va thu vién dieu hudng.

sudo apt install ROS2-humble-desktop

e (Cai dat cac cong cu: Trinh bién dich va cac cong cu khac dé€ xay dung cac

26i ROS2

sudo apt install ROS2-dev-tools

2.3.  Thiét 1ap moi trudng
Moi trudng hé thong can dugc cau hinh dé nhan dién ROS2 ngay khi mé

terminal lam viéc.

source /opt/R0S2/humble/setup.bash

3. Cai dat cac cong cung trong goi ROS2

e Gazebo
Trinh mo phong robot 3D. Cho phép kiém tra robot, cam bién va méi truong ma
khong can phan cing that. Dung két hop voi ROS2 dé mo phong chuyén dong,

cam bién (lidar, camera...), vat1y...

sudo apt install ROS2-humble-gazebo-*

e Navigation2
Hé théng diéu hudng cho robot di chuyén tir diém A dén B mét cach tu dong.
Gom cac thanh phan nhu: Localization (dinh vi), Mapping (ban d6), Path

planning (tinh toan duong di), Obstacle avoidance (tranh vat can).

sudo apt install ROS2-humble-navigation2
sudo apt install ROS2-humble-nav2-bringup

4, Cai dat goi Turtlebot3

Cac goi TurtleBot3 duoc cai dat dé hd trg van hanh va mé phong robot.
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e Tao mot khong gian lam viée

source /opt/R0OS2/humble/setup.bash
mkdir -p ~/turtlebot3 ws/src
cd ~/turtlebot3_ws/src

e Tai mi ngudn TurtleBot3

git clone -b humble-devel https://github.com/ROBOTIS-
GIT/DynamixelSDK.git

git clone -b humble-devel https://github.com/ROBOTIS-
GIT/turtlebot3_msgs.git

git clone -b humble-devel https://github.com/ROBOTIS-
GIT/turtlebot3.git

git clone -b humble https://github.com/ROBOTIS-
GIT/turtlebot3_simulations.git

e (ai dat cong cu mo rong cho colcon — trinh build chinh trong ROS2

sudo apt install python3-colcon-common-extensions

e Bién dich toan bd workspace, thém 1énh thiét 1ap moi trudng workspace
vao .bashrc dé tu dong kich hoat ROS2 workspace mdi 1an mé Terminal
va ap dung ngay thay doi moi trudng ma khong can khoi dong lai

terminal.

cd ~/turtlebot3_ws
colcon build --symlink-install
echo 'source ~/turtlebot3 ws/install/setup.bash' >> ~/.bashrc

source ~/.bashrc

5. Tré t6i moi trweong ROS2
Méi truong ROS2 duoc ciu hinh dé nhan dién cac goi TurtleBot3 ngay khi ma

terminal lam vi¢c ma khong can khai bao lai.

echo 'source /usr/share/gazebo/setup.sh' >> ~/.bashrc
echo 'source /opt/R0S2/humble/setup.bash' >> ~/.bashrc

source ~/.bashrc
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